Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  tliis  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  in  forming  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http: //books  .google  .com/I 


I 


EIECUTIVE  DOCUMENTS 


PRINTED  BY  ORDER  OF 


THE  HOUSE  OF  REPRESENTATIVES 


DURIKO  THB 


THIRD  SESSION  OF  THE  FORTIETH  CONGRESS 


1868-'69. 


«MLifiA^ 


12^    FOUETEEN    VOLUMES. 


Tolame    1 - • No.  1.    Diplomatic:  Parts  1  and  2. 

Tolnme    2 ^ No.  1.    Interior. 

yalnme    3 No.  1.    War:  Parts  1  and  2. 

Tolame    4 No.  1.    Navy,  Postmaster  General. 

Volmiie    5 - Nos.  2  and  3. 

Volume    6 Nos.  4  and  5. 

Volame    7 No.  6  to  49,  except  No.  29. 

Tolame    B No.  29. 

Tolame    9 No.  50  to  82,  except  No.  52  and  71. 

Tolame  10 No.  52.    Patents:  Parts  1,  2,  3  and  4«. 

Tolame  11 No.  71.    Coast  Survey. 

Tolnme  12 - No.  83.    Smithsonian. 

Tolame  13 No.  84  to  102,  except  87. 

Tolame  14 No.  87.    Commercial  relations. 


• 


WASHINGTON: 

GOYEBNMENT    PRINTING    OFFICE. 

1869. 


^        LIBRARY 

J  OF    THE 

LELAtlD  STA.\FORD  JUNIOR 
L        UNK'EaSITY. 


X'MX^  xSi 


vm 


INDEX. 


Title. 


UNDER  THE  DIRECTION  OF  THE  SECRETARY  OP  THE  INTERIOR. 


Bent  of  offices  of  surveyor  general,  &c 

Public  works  in  city  of  Washington 

Smithsonian  Institation 

Jail  in  District  of  Columbia 

Government  Hospital  for  the  Insane 

Metropolitan  police 

Columbian  Institution  for  Deaf  and  Dumb 

Columbia  Hospital  for  Women  and  Ljing-in  Asjlum. 

Collection  of  revenue  from  sales  of  public  lands 

Surveying  the  public  lands 

Pensions 


Vol. 


Part. 


No. 


Pi^ 


INDIAN  DEPARTMENT. 


Current  expenses 

Annuities — fulfilling  treaty  stipulations 
General  expenses  of  Indian  service  . . . . 


UNDER  THE  DIRECTION  OF  THE  WAR  DEPARTMENT. 


Army  proper 

Armory,  arsenals,  and  munitions  of  war 

Military  Academy 

Tortifications  and  other  works  of  defence.... , 

Harbor  and  river  improvements 

'Public  buildings  ana  grounds  in  Washington . 


UNDER  THE  DIRECTION  OP  THE  NAVY  DEPARTMENT. 


Pay  of  navy  yards,  ordnance,  &c.,  marine  corps 

Recapitulation  of  estimates 

Permanent  appropriations  for  fiscal  year  ending  June  30,  1870. 
Estimated  balances  of  existing  appropriations  which  will  be 

unexpended  on  June  30,  1869 

-Balances  of  appropriations  on  July  1,  1868 

Estimate  of  Postmaster  General 

DETAILS  OF  GENERAL  ESTIMATES. 


Congressional  Printer 

Mint,  branches,  and  assay  ofHce 

Survey  of  coast  of  United  States , 

Light-house  Board 

'Post  Office  Department , 

Indian  Office ., , 

Current  expenses  of  Indian  department 

Annuities  of  Indian  department 

'General  Land  Office— Salaries  and  contingencies , 

Surveying  public  lands,  &c.,  (letter)  .. 
Collection  of  revenue  from  sales  of  pub- 
lic lands 

Compensation  of  surveyors  general . . . . , 

Rent  of  offices  of  surveyors  general 

Surveying  public  lands , 

Pension  Office - 

Patent  Office 

Columbia  Institute  for  Deaf  and  Dumb 

Government  Hospital  for  Insane 

Capitol  extension 

Smithsonian  Institution 

Metropolitan  Police 

Jail  in  District  of  Columbia 

Columbia  Hospital  for  Women  and  Lying-in  Asylum. 


5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 


5 
5 
5 


5 
5 
5 
5 
5 
5 


5 


5 
5 
5 


5 
5 
5 
5 
5 
5 
5 


o 
5 


5 


5 
5 
5 
5 
5 

r> 

5 
5 
5 


3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 


3 
3 
3 


3 
3 
3 
3 
3 
3 


3 
3 
3 

3 
3 
3 


3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 


INDEX. 


IX 


Title. 


Vol. 


Part. 


No. 


Page. 


USDBB  THE  DIRECnoir  OF  WAR    DEPARTMENT. 

Adjutant  General 

Pajmaster  General 

Qaartermaster  General 

Surgeon  General 

CoffiinissaiT  General 

Ordnance  Office 

Military  Aeadem j 

Chief  iln^ineer—- Fortifications 

Harbor  and  river  iinproyements 

Public  buildines.  &c.,  Washington 

Repairs  and  improvements  of  pnolic  buildings,  &c.,  Washing- 
ton..  .- 

Signal  corps 

Arrears  ot  pay  due  widows  of  soldiers,  war  1812 

TKDER  DIRECTION  OF  NAVY  DEPARTMENT. 

Office  Secretary  of  Navy « , 

Bareaa  Yards  and  Docks 

Bnrean  Ordnance 

Bureau  Equipment  and  Recruiting 

Bureau  Navigation 

Bnieau  Construction  and  Repair 

Bateau  Steam  Engineering 

Bureau  Provisions  and  Clothing 

Bureau  Medicine  and  Surgery T 

Marine  Corps 

Estimates  for  the  Post  Office  Department.  Letter  from  the 
Postmaster  General,  transmitting 

Estimates  of  expenses  of  legislative  assembly  of  Washington 
Territory.  Letter  from  the  Secretary  of  the  Treasury,  en- 
closing   

F. 

Twld,  Cyrus  W.  Message  from  the  President  of  the  United 
States  in  relation  to  gold  medal  presented  to 

Fort  Snelling  reservation.  Letter  from  the  Secretary  of  War, 
transmitting  papers  relative  to  the  sale  of t. . . . 

Freedmen,  Refugees  and  Abandoned  Lands.  Annual  report  of 
the  Commissioner  of..... 

G. 

Gangers*  fees.      Letter  from  the  Commissioner  of  Internal 

K4??enne,  relative  to 

Gold  zuedal  to  George  Peabody.    Message  from  the  President 

of  the  United  States  in  relation  to  the , 

Gold  coin  sold  since  January,  1863.     Letter  from  the  Secretary 

of  the  Treasury,  transmitting  various  statements  of , 

Gold  medal  to  Cyrus  W.  Field.    Message  from  the  President 

of  the  United  States  in  relation  to  the 

H. 

H»Tis  William  T.  Messag*^  from  the  President  of  the  United 
Elates  relative  to  claim  against  th^Hmzilian  government  by 

^fa,  Hon.  Israel  T^^ji^n  the  commercial  relations  with  the 
IVMninioo  of  Canada.  Letter  from  the  Secretary  of  the 
Ti%t$ury,  transmitting  report  of , 

flefl  Gste.  Letter  from  the  Secretary  of  War  relative  to  the 
T&otfftal  of  obstructions  to  navigation  at 

Habbard,  G.  G.,  esq.,  relative  to  the  establishment  of  cheap 
sTstem  of  postal  telegraph.  Letter  from  the  Postmaster 
General,  transmitting  report  of 


5 
5 
5 
5 
5 
5 
5 
5 
5 

5 
5 
5 


5 
5 
5 
5 
5 
5 
5 
5 
5 
5 


13 
1 
3 

9 

9 

13 

13 

9 

7 

7 


3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

3 
3 
3 


3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

11 


30 

89 
9 
1 

60 
53 

84 
89 

70 

36 

28 

35 


209 

210 

222 

226 

227 

2:W 

23:J 

240* 

242 

244 

245 
247 
247 


248 
251 
260 
262 
264 
271 
273 
276 
279 
283 


1016 


INDEX. 


Tide. 


VoL 


Part. 


No. 


Page. 


Indians,  Creeks.  Letter  from  the  Secretary  of  the  Interior, 
transmitting  osti  mates  of  appropriations  for 7    31 

Indians,  Sac  and  Fox.  Letter  Irom  the  Secretary  of  the  Interior, 
submitting  estimates  of  appropriations  for 7    38 

Indians,  Crow.  Letter  from  the  Secretary  of  the  Interior,  sub- 
mitting estimates  of  appropriations  for  the  ag^nt  of  the 7    39 

Indians,  Crow.  Letter  from  the  Secretary  of  the  Interior,  trans- 
mitting estimates  of  appropriations  for  the ^ 7    42 

Indians,  Ute.  Letter  from  the  Secretary  of  the  Interior,  trans- 
mitting letter  from  the  Commissioner  of  Indian  Affairs,  with 
estimates  of  appropriations  for 7    43 

Indians,  Seneca  and  Shawnee.  Letter  from  the  Secretary  of 
the  Interior,  submitting  estimates  for  appropriations  for 7    47 

Indians,  Pottawatomie.  Letter  from  the  Secretary  of  the  Inte- 
rior, submitting  reportofcommissioners  to  examine  claims  of..         9    61 

Indians,  Pottawatomie.  Letter  from  the  Secretary  of  the  Inte- 
rior relative  to  the  division  of  the  tribal  funds  of  the 9    61 

Indian  trust  lands.  Letter  from  the  Secretary  of  the  Interior 
relative  to  Sac  and  Fox 13    92 

Indian  Affairs.    Annual  report  of  the  Commissioner  of 2    1 

Inspector  General  of  the  Army.    Annual  report  of  the. 3  1  1 

Inspector  of  the  Military  Academy.    Annual  report  of  the 3  1  1 

Interior,  transmitting  statement  by  Surgeon  General  Barnes,  of 
expenditures  made-  for  the  Columbia  Hospital.  Letter  from 
the  Secretary  of  the 7    10 

Interior,  transmitting  copies  of  papers  in  rSlation  to  the  Union 
Pacific  railroad.     Letter  from  the  Secretary  of  the 7  1         15 

Interior,  tran^niitting  report  of  the  president  of  the  Union 

Pacific  Railroad  Company.    Letter  from  the  Secretary  of  the.         7  3         15 

Interior,  relative  to  compensation  of  surveyors  general  for 
Louisiana  and  Florida,  &c.    Letter  from  the  Secretary  of  the .         7    16 

Interior,  transmitting  report  of  special  commissioner  relative  to 
the  examination  of  the  Union  Pacific  railroad,  eastern  divi- 
sion, and  the  Sioux  City  and  Pacific  railroad.  Letter  from 
the  Secretary  of  the 7    25 

Interior,  transmitting  estimate  of  appropriations  required  for 
carrying  out  treaty  stipulations  with  the  Creek  Indians. 
Letter  from  the  Secretary  of  the 7    31 

Interior,  submitting  estimates  of  appropriations  for  Sac  and 

Fox  Indians.     letter  from  the  Secretary  of  the 7    38 

Interior,  submitting  estimates  of  appropriations  for  agent  of  the 

Crow  Indians.    Letter  of  the  Secretary  of  the 7    39 

Interior,  transmitting  estimates  of  appropriations  for  Crow 
Indians     Letter  from  the  Secretary  of  the 7    42 

Interior,  transmitting  letter  from  the  Commissioner  of  Indian 
Affairs,  with  estimates  of  appropriations  for  Ute  Indians. 
Letter  from  the  Secretary  of  the 7    43 

Interior,  submitting  estimates  of  appropriations  for  Seneca  and 
Shawnee  Indians.'   Letter  from  the  Secretary  of  the 7    47 

Interior,  in  relation  to  buildings  in  Washington,  under  lea^e 
for  rent  by  the  Department  of  the  Interior.  Letter  from  the 
Secretary  of  the 9    55 

Interior,  submitting  report  of  commissioners  on  Pottawatomie 
claims.     Letter  from  the  Secretary  of  the 9  1         61 

Interior,  relative  to  the  division  of  the  tribal  funds  of  the  Potta- 
watomie Indians.     Letter  of  the  Secretary  of  the 9  2        61 

Interior,  relative  to  Sac  and  Fox  Indian  trust  lands.  Letter 
from  the  Secretary  of  the 13    92 

Interior,  relative  to  the  cost  of  art  decorations  at  the  United 

States  Capitol.     Letter  from  the  Secretary  of  the 13    101 

Interior.    Aiiuual  report  of  the  Secretary  oi'^the 2    1 


461 
776 
993 


Vol.     Part.     No.     Page. 


Ptftrt  atcmKjtangiwg  Ac  above, 

Amnial  npOTt  of  tb«  ComniUaioneT  of  tbe  Geneml  Land 

Addiu]  nport  oftlie  CorniniBSioDar  of  Penaiann    

Asniul  report  of  Ihe  CoQimissioner  of  Indiftn  AEf^tB 

Ainoml  icpoit  of  the  Colnmbla  iDitltatlon  for  the  Deaf  and 

Doinb_ : 

AsDoml  T«port  of  tbe  board  of  Tieltors  and  auperintendent  of 
ranatniction  of  [be  Govemnienl  Hospital  for  the  Insane  for 
Ibe  jeu- 18fi7-'6e 

Ananal  report  of  tbe  Metropolitan  Police  for  1368 

Annual  report  of  the  architect  of  the  Capitol  etteiuiOD 

Anntul  ivport  of  tbe  warden  of  the  jail 

Aanaal  report  of  Ibe  directors  of  Columbian  Hmpllal 

IittniiJ  rerenue.     Annnal  report  of  tbe  Commiesioner  of- 

InlCTnal  revenne,  relative  lo  ganger's  fees.     Letter  from  the 

ComtniMJOner  of 

loitmaiioiiBl  Horticultnral  Exhibition  at  Hambnre,  .September, 

ln6B.    letter  from  the  Commissioner  of  Affricultnre  relative 

to  the 

iMtmatioail  metric  systein.     Letter  from  the  Secretary  of  tbe 

TrcMury,  Iransmittiogr  report  of  E.  B.  Elliot  on  tbe 


<f  War,  nUtire  to  limitiuff.. 


I<Dd  Office,  General.    Annual  report  of  tbe  CommisBiODet  of 


Paper*  atcompaniiing  tht  Qboet, 

So.  I.— Tabular  stalemeDt  sbowine  Ibe  number  of  acres  of 
public  lands  suivejed  in  the  foltoiving  Slates  and  Terri. 
toiiea  np  to  Juue  :I0,  ISR?,  dnriug  the  last  fiscal  jcar, 
and  the  total  of  tbe  public  lands  siirTe7ed  up  to  June  30, 
1^;  also  the  total  area  of  tbo  public  domain  remainini^ 
nusturejed  within  tbe  same 

Ro,  i. — Stateuienl  of  public  lands  sold,  of  cash  and  bounty- 
iud  acrip  reeeived  therefor,  number  of  acres  entered  under 
tbe  homestead  law  of  May  20,  1363.  of  couimlasions 
imived  under  sixth  section  of  said  act ;  also  of  land  located 
■ilb  acrip  under  the  agricultaral  college  and  mechanic  act 
of  JnljS,  le&i,  and  commissions  received  b;  re^^isten  and 
RCTiven  ou  the  value  thereof,  aud  statement  of  incidental 
fipenses  ihereon,  in  the  first  half  of  the  fiscal  year,  com- 
oencinK  Jnly  1,  in67.  and  eoding  June  30,  18US 

No.  3.— Statement  of  public  lands  sold,  of  cash  and  bounty- 
land  idip  received  therefor,  numberof  acres  entered  Under 
Uh homestead  lawofMaySU,  1062, of coiumisaiODS received 
Uder  sixth  aection  of  said  act ;  also  of  land  located  with 
acrip  Duder  the  agiicultural  college  and  mechanic  net  of 
Jul;;  2,  1668,  and  comnihisione  rcteived  by  regislers  and 
rtcetvera  on  the  value  (hereof,  and  statement  of  ineideDtal 
npense*  thereon  in  tbe  second  half  of  Ibe  fiscal  year  com- 
MDcing  Jnl;  I,  1867,  and  ending  June  30,  186H 

Jfc.  4.— Summary  for  the  flscal  year  ending  June  30,  1868. 
ife*inf[  the  nnmber  of  acres  disponed  of  for  cash,  ivith 
boBDty-land  scrip,  by  entry  under  the  homestead  lawn  of 
May  M.  IMS,  aud  March  21.  1864,  with  aggregate  of  |I0 
I L_i  payments  aud  homestead  "  ' 


XII 


INDEX. 


Title. 


Vol. 


Part. 


No. 


Page. 


locations  with  agricaltaral  college  and  mecliamic  scrip, 
under  act  of  July  2,  1868 

'No.  5. — Statement  exhibiting  the  quantity  of  land  selected 
for  the  several  States  under  the  acts  of  Congress  approved 
March  2.  1849,  September  28,  1850.  and  March  12,  1860, 
up  to  and  ending  September  30,  1868 

No.  6. — Statement  exhibiting  the  quantity' of  land  approved 
to  the  several  States  under  the  acts  of  Congress  approved 
March  2,  1849.  September  28,  la^O,  and  March  42,  1860, 
up  to  and  ending  September  30,  1868 

No.  7. — Statement  exhibiting  the  quantity  of  land  patented 
to  the  several  States  under  the  acts  of  Congress  approved 
September  28,  1850,  and  March  12,  1560,  and  also  the 
quantity  certified  to  the  State  of  Louisiana  under  act 
approved  March  2,  1849 2 

No.  8. — Statement  showing  the  condition  of  the  State  selec- 
tions under  the  act  of  September  4,  1841,  on  the  30th  day 
of  June,  1868 ;  internal  improvement  grant 2 

No.  9. — Condition  of  bounty-land  business  under  acts  of 
1847,  18.50,  1852,  and  18.'>5,  showing  the  issues  and  loca- 
tions from  the  commencement  of  operations  under  said 
acts  to  June  30,  1868 

No.  10. — Agricultural  selections  within  certain  States,  and 
also  scrip  locations  under  agricultural  and  mechanic  act  of 
July  2,  1862,  and  supplements  of  April  14,  1864,  and  July 

23,  1866 

-  No.  11. — Statement  exhibiting  land  concessions  by  acts  of 
Congress  to  States  and  corporations,  for  railroad  and  mili- 
tary wagon-road  purposes,  from  the  year  1850  to  June  30, 
1868 

No.  12. — Statement  exhibiting  land  concessions  by  acts  of 
Congress  to  States  for  canal  purposes  from  the  year  1827 
to  June  30,  1868.... 

No.  13. — Estimates  of  appropriations  required  for  the  office 
of  the  Commissioner  of  the  General  Land  Office  for  the 
fiscal  year  ending  June  30,  1870 

Estimates  of  appropriations  under  military  act  of  March  3, 
1855,  and  heretofore  provided  per  act  of  August  18,  1856, 
making  appropriations,  &c.,  and  subsequent  appropriation 
laws 

Estimates  of  appropriations  required  to  meet  contingent 
expenses  of  the  office  of  Commissioner  of  the  General 
Land  Office  for  the  fiscal  year  ending  June  30,  1870 

Estimate  of  appropriations  required  to  meet  expenses  of  col- 
lecting the  revenue  from  the  sales  of  the  public  lands  in 
the  several  States  and  Territories  for  the  fiscal  year  ending 
June  30,  1870 

No.  14. — Estimates  of  appropriations  required  for  the  sur- 
veying department  for  the  fiscal  year  ending  June  30, 1870. 

No.  15. — Estimates  of  appropriations  required  for  surveying 
the  public  lands  for  the  fiscal  year  ending  June  130,  1870.. 

No.  16. — Estimates  of  appropriations  required  for  the  sur- 
veying department,  to  supply  deficiency,  for  the  fiscal  year 
ending  June  30,  1869 

No.  17. — Report  of  Surveyor  General,  A.  to  L.,  inclusive... 

No.  18.— Statement  of  confirmed  Indian  pueblo  grants  and 
private  land  claims  in  New  Mexico 

No.  19. — Statement  showing  the  area  of  the  several  States 
and  Territories  containing  public  lands,  the  quantity  of 

.  land  disposed  of  by  sale  or  otherwise  in  each  up  to  the  30th 
June,  1868,  and  the  quantity  of  land  which  remained  unsold 
and  unappropriated  at  that  date  in  the  several  States  and 
Territories 2 

No.  20. — Historical  and  statistical  table  of  the  United  States 

of  North  America 2 

League  Island.    Letter  firom  the  Secretary  of  the  Navy  in  rela- 
tion to • 7 


2 
2 
2 

2 


2 
2 
2 


2 
2 


1 
1 


1 
1 
1 


1 
1 
1 


1 
1 


1 

1 

17 


270 


272 


272 


273 
273 

274 

275 

277 
881 
282 

283 


284 

286 
289 


291 
291 

414 


416 
420 


INDEX. 


XIII 


Title. 


M. 


Vol. 


Part. 


No. 


Page. 


Marice  hospital  at  Chicagro,  lUinoia.  Letter  from  the  Secretary 
of  the  Treasarj,  lelative  to  the 

Metropoliran  police.     AnDiiat  report  of  the 

Hexico.  Message  from  the  President  of  the  United  States  in 
relitioD  to  convention  with   

Mioeral  resoorcea  of  the  States  and  Tenitories  west  of  the 
Kockj  roonntains.  Letter  from  the  Secretary  of  the  Treas- 
Dry,  transmitting  report  of  R.  W.  Raymond  on  the 

Mint  at  .rarwn  City,  Nevada.  Letter  from  the  Secretary  of 
the  Treasury,  asking  additional  appropriation  for  machinery, 
&C.,  for  branch 

Mint  at  Carson  City,  Nevada.  Letter  from  the  Secretary  of 
the  Treasury,  relative  to  cost  of  the 

N. 

National  Mechanics  and  Farmers*  Bank  of  Albany,  New  York. 
Letter  from  the  Secretary  of  the  Treasury,  transmitting  report 
of  the  Comptroller  of  the  Currency  relative  to  the  condition 
of  the 

Kaval  Academy.  Letter  from  the  Secretary  of  the  Navy, 
transmitting  communication  from  Vice-Admiral  Porter  rela- 
tive lo  necessity  of  additional  grounds  at 

Naval  Observatory.    Report  of  the  superintendent  of  the 

Navy.    Annual  report  of  the  Secretary  of  the 

Papers  aeeompanjfimg  the  above  report. 

Reports  of  officers 

Report  of  the  B<Mard  of  Visitors  of  the  Naval  Academy  for 

Estimatw  Y»(R9U76*/. !  1 1  ^ 

Report  of  the  superintendent  of  the  Naval  Observatory 

Estimates  for  Naval  Academy « 

Estimates  for  Naval  Observatorv 

Report  of  the  superintendent  ot  the  Nautical  Almanac 

Report  of  the  chief  of  the  Bureau  of  Yards  and  Docks 

Rf  port  of  the  chief  of  the  Bureau  of  Ordnance 

R^rt  of  the  chief  of  the  Bureau  of  £c[uipment  and  Recruiting . 

Report  of  the  chief  of  the  Bureau  ot  Navigation 

Report  of  the  chief  of  the  Bureau  of  Construction  and  Repair. 

Report  of  the  chief  of  the  Bureau  of  Steam  Engineering 

R^rt  of  the  chief  of  the  Bureau  of  Provisions  and  Clothing. 
Rfport  of  the  chief  of  the  Bureau  of  Medicine  and  Surgery.. 
Report  of  the  commandant  of  the  marine  corps 

KsTT,  in  relation  to  League  island.  Letter  from  the  Secretary 
«/the 

Ksvy,  transmitting  report  of  a  commission  appointed  to  exam- 
ine Boston  harbor  relative  to  the  construction  of  a  bridge 
between  Boston  and  East  Boston.  Letter  from  the  Secretary 
of  the 

HsTy,  transmitting  communication  from  Vice-Admiral  Porter 
rriative  to  necessity  of  additional  grounds  at  Naval  Academy. 
Letter  from  the  Secretary  of  the 

^Tj,  relative  to  buildings  occupied  by  the  department  under 
ittie,  dec     Letter  from  Secretary  of  the 

KsTT,  transmitting  correspondence  relative  to  the  Paraguay 
^Hleiilties.     Letter  from  the  Secretary  of  the 

Ksvy,  transmitting  statement  relative  to  the  expenditure  of  the 
cootii^ut  fond  of  that  department.  Letter  from  the  Sccre- 
tarf  of  the 

New  York.  Letter  from  the  Secretary  of  War,  transmitting 
taport  of  Quartermaster  General  relative  to  reduction  of  ex- 
poses of  the  War  Department  in 


13 
2 

13 

9 

7 
9 


7 
4 
4 


4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 


7 
9 
9 


100 
1 

98 


54 

40 
57 


62 


37 
1 
1 


16l2 


17 

24 

37 

58 
79 

50 

48 


869 


114 
1 


:«;  155 

68 
76 
114 
J22 
124 
119 
79 
103 
107 
111 
126 
152 
163 
169 
180 


XIV 


INDBX. 


Title. 


Vol. 


Part, 


No. 


Page. 


New  Yurk.  Letter  from  the  Secretary  of  War  relative  to.tbe 
number  of  officers,  civilians,  and  enlisted  men  in  military 
service  at  and  near 

Northwest  boundary  commission.  Message  from  the  President 
of  the  United  States  concerning  the 


O. 

Oath  of  office.  Letter  from  the  Secretary  of  War  relative  to 
the  modification  of  the  act  of  July  2,  1862,  prescribing  an. .. 

Obstructions  at  Hell  Gate.  Letter  from  the  Secretary  of  War 
relative  to  the  removal  of 

Officers,  civilians,  and  men  in  military  service  at  and  near  New 
York.     Letter  from  the  Secretary  of  War  relative  to 

Omaha.  Letter  from  the  Secretary  of  War,  transmitting  cor- 
respondence relative  to  purchase  of  land  at 

Ordnance.     Annual  report  of  the  Chief  of.  United  States  army. 

Overland  mail.  Letter  from  the  Postmaster  General  relative  to 
contract  for  carrying  the 

P. 

Paraguay  difficulties.  Message  from  the  President  of  the  United 
States  relative  to  the  disposition  of  the  American  squadron  at 
Rio  Janeiro  and  the 

Paraguay.  Message  of  the  President  of  the  United  States  rela- 
tive to  the  arrest  of  American  citizens  in 

Paraguay  difficulties.  Letter  from  the  Secretary  of  the  Navy; 
transmitting  correspondence  relative  to  the 

Passage  of  United  States  vessels  through  the  Straw  Shoe  chan- 
nel of  the  Yangtze  river.  Message  from  the  President  of 
the  United  States,  tiansmittiog  papers  I'elative  to  the 

Patents,  transmitting  an  account  of  receipts  and  expenditures 
of  his  office  from  July  20,  1ti6d,  to  December  1,  ld6d.  Let- 
ter from  the  Commissioner  of 


Papers  accompanjfing  the  above. 


A. — Statement  of  amount  paid  for  salaries 

B. — Statement  of  money  paid  for  temporary  clerks 

C. — Statement  of  money  paid  for  miscellaneous  and  contin- 
gent expenses 

D. — Statement  of  money  paid  for  withdrawals 

E. — Statement  of  money  refunded  having  been  paid  by  mis- 
take   

F. — Statement  of  money  paid  for  copyrights 

Patents,  transmitting  annual  report.  Letter  from  the  Commis- 
sioner of,  (Parts  J .  2, 3,  and  4) 

Paymaster  of  the  army.     Annual  report  of  the 

Peabody.  George.     Message  from  the  President  of  the  United 

States  in  relation  to  the  gold  medal  to 

Pensions.     Annual  Report  of  the  Commissioner  of 

Persons  turned  over  for  trial  to  civil  authorities.     Letter  from 

the  Secretary  of  War,  transmitting  reports  of  commanders  of 

military  departments  south  relative  to 

Postmaster  General,  of  the  operations  of  his  department  during 

the  year  1868.     Report  ot  the 


Papers  accompanjfing  the  above  report. 

Estimates  for  expenditures  for  1870 

Postage  stamps,  envelopes,  and  newspaper  wrappers  during 

the  years  18b7-'68 

Comparative  statement  of  the  disposition  of  dead  letters 

during  the  fiscal  years  1867  and  1666 


13 


9 

7 

9 

7 
3 


13 


7 
7 

7 
7 

7 
7 

10 


9 
2 


K 


64 

86 


74 

28 

64 

27 
1 

14 


J9 
69 


79 


99 


6 
6 

6 
6 

6 
6 

52 
1 

53 
1 


102 


1 

1 


990 


3 
4 

12 
20 

20 
21 


977 
422 


37 
37 
39 


INDEX. 


XV 


Title. 


i-Table  of  maM  seryice  for  the  jear  endiDg  Jodo  30,  1868. 

K-Kailroad  serrice  as  in  operation  June  30, 1S68 

C— SlMinboat  serrice  as  in  operation  September  30,  1868. .. 
D.— Ttble  showing  the  increase  and  decrease  in  mail  trans- 

portstion  daring  the  year  1868 

£.— Table  showing  the  weight  of  mails,  &,c 

Sutement  of  the  nnmber,  kinds,  &c.,  of  mail  bags  pat  into 

Kjrice  doling  the  year 

Through  mails 

Ktil  ftrrice  put  in  operation  in  the  southern  States  since 

\m 


Suttment  showing  increase  and  decrease  of  inland  mail  ser- 
Tieefrom  1859  to  1868 

8uteinent  showing  operations  and  results  of  foreign  mail 
i€nri<»  for  the  year  1868 

Oenn  transportation 

IVuiled  regulations  between  the  post  office  of  the  United 
States  and  the  post  office  of  Belgium  for  the  execution  of 

the  cooTention  of  August  21,  1867 

A.— Table  showing  the  directions  to  be  given  to  correspond- 
eoee 


B.— Letter  bills  of  mail  between  Belgium  and  the  United 
States 

C. -.Registered  letter  list 

I^.— Table  showing  countries  with  which  the  United  States 
maj  exchange  correspondence  through  the  Belgian  open 
mails,  and  &lgium  through  the  United  States  open  mails. 

£«~<2aarterly  accounts  between  the  United  States  and  Bel- 
gium   .• 

^-—Recapitulation 

^.—Bordereau  of  corresx>ondence  returned  not  deliverable. .. 

l^^etailed  regulations  between  the  General  Post  Office  of  the 
United  States  and  the  General  Post  Office  of  the  Nether- 
Usds,  for  the  execution  of  the  convention  of  September  26, 
1867 


'^— Letter  bills  for  the  correspondence  between  the  -United 

States  and  the  Netherlands , 

-^•—Letter  bills  for  the  correspondence  between  the  United 

States  and  the  Netherlands 

^.—Registered  letter  list , 

^.— Table  showing  the  countries  with  which  the  Netherlands 
mty  exchange  correspondence  through  the  United  States 

open  mails 

^-"-Quarterly  accounts  between  the  United  States  and  the 

Netherlands ^ 

^^cnlations  between  the   Post  Office  Department  of   the 
Cnitad  States  and  the  Postal  Administration  of  Switzerland, 

for  the  execution  of  the  convention  October  11,  1867 . .  ^ 

"^^ Letter  bill,  Swiss  postal  administration  correspondence 

with  the  United  States 

^—Letter  bill.  Post  Office  Department  of  the  United  States 

eorrespondence  with  Switzerland 

^  — Beeistered  letter  list 

^•— Table  showing  the  countries  with  which  the  United 
States  may  exchange  correspondence  through  the  Swiss 

•pen  mails 

* -Table  showing  the  countries  with  which  Switzerland 
^7  exchange  correspondence  through  the  open  mails  of 

4i United  States 

^H^narto'ly  accounts ;  Sw  iss  Confederation  with  the  United 

mm 

^•^<)iiarterly  accx)unts :  United  States  with  Switzerland 

^fiecapitulation 

^^''^iW  regulations  between  the  Post  Office  Department  of 
^  United  States  and  the  postal  administration  of  Italy 
I«  the  execution  of  the  convention  of  November  8,  1867 . . 


41 
43 
59 

63 
66 

72 
73 

92 

93 

95 
97 

98 

102 

104 
118 

119 

120 
127 
128 


129 

133 

139 
146 

148 
149 

• 

161 

1G5 

171 
178 

179 

179 

180 
18:\ 
187 

189 


XVI 


INDEX. 


Title. 


A.  B. — Letter  bills  between  the  United  States  and  Italy 

C  — Refri:*tered  letter  list 

D.  E. — Tables  showing^  the  countries  with  which  the  United 

States  may  exchangee  correspondence  through  the  Italian 

post  office,  and  Italy  through  the  United  States  open  mails. 

F. — Quarterly  accounts ;  Italy  with  the  United  States 

G. — Quarlerl;^  accounts;  the  United  States  with  Italv 

Regulations  tor  the  execution  of  the  convention  of  October 

21,  ]t;67,  between  the  Post    Departments  of  the  United 

States  and  the  North  German  Union 

A.  B. — Letter  bills  of  mails  between  the  United  States  and  the 

North  German  Union 

C. — Registered  letter  bill 

D. — Registered  letter  list 

E. — Tables  showing  countries  with  which  the  North  German 
.  Union  may  exchange  correspondence  through  the  United 

States  open  mails,  and  the  United  States  through  the  mails 

of  the  North  German  Union,  with  rates  therefor 

F.  G. — Bordereau  of  correspondence  returned  .not  deliverable. 
H.  I. — Quarterly  accounts  between  the  United  States  and  the 

North  German  Union 

Convention  between  the  General  Post  Office  of  the  United 

States  and  the  General  Post  Office  of  the  United  Kingdom 

of  Great  Britain  and  Ireland 

Detailed   regulations  between  General  Post  Office  of  the 

United  States  and  General  Post  Office  of  Great  Britain  and 

Ireland,  for  the  execution  of  the  convention  of  November 

24.  1868 

A. — ^Tables  showing  rates  of  postage  to  be  accounted  for  by 

United  States  to  British  Post  Office 

B. — Tables  showing  rates  of  postage  to  be  accounted  for  by 

British  Office 

C. — Registered  letter  list  for  the  United  States 

D. — Letter  bill  for  the  correspondence  between  the  United 

Kingdom  and  the  United  States 

E. — Letter  bill  from  Bermuda 

F. — Letter  bill  for  the  correspondence  with  the  western  coast 

of  South  America,  Australia^  or  New  Zealand 

G.— Letter  bill 

H. — Letter  bill  for  the  correspondence  between  the  United 

States  and  the  West  Indies,  &c 

Table  showing  number  and  pay  of  letter  carriers  in  compari- 

Hon  with  postages  on  local  matter 

Statement  snowing  operation  of  the  free  delivery  system  for 

year  1868 

Total  operations  of  the  appointment  office  for  year  1868 

Table  showing  the  increase  and  decrease  of  post  offices  in  the 
seveml  States,  &c  : 

Table  showinj^  the  number  of  offices  established  in  the  south- 
ern States  from  April  1.  1865,  to  September  30,  1868 

Report  of  the  Auditor  in  the  case  of  the  United  States  rs. 
Boyd  et  al 

Report  of  the  Auditor 

Papers  accompanyxfig  the  above* 

Revenue  account 

Contractor's  account 

Mail  transportation  account 

Statemeiit  from  collecting  division 

No.  1.  Statement  exhibiting  the  receipts  of  the  department 

for  year  ending  June  30,  1868 

No.  2.  Statement  exhibitingexpenditures  of  the  department 

fur  year  ending  June  30,  1868 

No.  3.  Statement  of  the  postal  receipts  and  expenditures 

for  year  eudmg  June  30, 1868 


Vol. 


Part. 


No. 


Page. 


192 
199 


200 
202 
205 


207 

211 
220 
221 


222 

225 

228 
239 

245 

251 

253 
254 

256 
257 

258 
2.5a 

259 

2.59 

260 
261 

262 

263 

264 
270 

272 
273 
274 
275 

277 

277 

278 


Ka.ll.  Lclter  postage  i 
Null  Letter  posta^  01 
N0.II  Ltller  poatagB  01 
IkR  Letter  poatage  01 
Nik  15.  LMI«t  postag«or 
Kci.16.  Letter  post^e  0 
Ko.17.  Letter  postage  ol 
No.  16.  Letter  poataite.oi 


N1.4.  EtateDMDt  of  operation*  of  the  carrior  ajiteiti  for 
jnreDdine  JuneSO.  imS 

ini.  UucfllauGous payments >■ 

N«.S.  Gimmary  of  principal  labors 

St.!  Transactiona  of  tbe  money-order  office  for  year  end- 
iif  Jane  30,  1863 

!lli,i  Sevenue  to  tbe  money-order  department  for  year 
ndlni;  Jane  30.  1863.. 

"St-i,  Receipta  and  eipendiliireii  of  money-order  depart- 
ment for  year  endjn{[  June  30,  186U 

■In.  10.  Letter  poelags  on  UritiBh  meuU  duriu^  year  1866.. 

n  Freccb  malta 

n  Belgian  mails 

n  Bremen  mails 

n  Hambnrg  mwLi 

n  Netberland  mails 

<Q  Switzerland  mails 

... , r.-.  Ji  Italian  mails ... 

Nil.  U.  Letleri  eicbangeil  between  tbe  United  StalM  and 

Great  Britain 

No.  9),  Letters  exchanged  between  United    States  and 

Fnuila  in  closed  maiu! 

Sii.i\.  Letters  and  neKsnapera  eicbanged  betneeu  United 

SutMsnd  France 

No.  a.  Letters  eicbanged  between  United  States  and  Bel- 

pnm 

No.!3.  Letters  and  newspapers  received  io  and  seat  from 

I'niled  Stated  and  Panama 

St.U.  Letten  and  nen-Bfupers  received  in  and  sent  from 

United  Stales  and  Mexico 

No.  £.  Letters  and  DewspaperB  received  in  and  sent  from 

rnilrd  Slates  and  Brazil 

N0.J6.  Letters  and  newspapers  received  in  and  sent  from 

United  Stales  and  Nicara^a 

No,  'tJ.  Letters  and  newsp^mrs  received  iu  and  sent  from 

L'sited  BtateK  and  Venezuela 

No,  Sg.  Letters  and  newspapers  receiveil  in  (tnd  sunt  from 

United  Slates  and  Belize,  Honduras 

!>o.  29.  Letters  exchanged  between  tbe  Unileil  States  and 

No.  30.  Leilers  exchanged  between  the  Uuiled  Slates  and 

_  HaiDbnrg I 

^'o.  31.  Letters  eicbsDged  between  tbe  United  States  and 

Ibt  Nelberlands j 

^'o.  St.  Letters  eicbtuiged  between  tlie  United  States  and  : 

Swilierland 

No.  33.  Letters  excfaanged  between  the  United  States  and 

,IlJy... ' 

Ns.  34.  Letters  and  newspapers  received  iu  and  sent  from  ' 

tk  United  States  and  the  We<t  Indies 

Si>.3&.  Letters  and  newspapers  from  tbe  United  Stales  to 

China 

No.  36.  Letters  and  newspapers  from  the  United  States  to  ; 

RraolDla i 

'«.  37.  Letter  postage  on  tbe  Nova  Scotia  and  Prince  Ed-  1 

«iid  Island  mails  received  In  and  sBot  from  the  United 

Btates ; 

St.  39.  Letters  eicbanged  bolweeu  the  Uuiled  Slates  and  ! 

No.  39.  Postages  ou  mails  between  the  United  Stales  iiud 

Ibi  British  provinces 

No.  40.  Amotmts  reported  as  due  Iba  steamers  on  the  mi4- 
nltaneotis  lioe,  being  the  sea  post^es  on  thn  mails  con-  ' 

^reyed  daring  the  year  ending  Jnne  30,  186d .,| 

™*ail"  General,  traosmittiog  e^tlimates  of  appropriations  i 
■'"'iqMrtnMot.     Ijetter  from  the ■ 


xvm 


INDEX. 


Title. 


Postmaster  Qenoral  relative  to  the  contract  for  carrying  the 
overland  mail.    Letter  from  the 

Postmaster  General  relative  to  a  redaction  of  force  in  his  de- 
partment.   Letter  from  the 

Postmaster  General,  transmitting  advertisements  of  proposals, 
&c.,  relative  to  postage  stamps.    Letter  from  the 

Postmaster  General,  transmitting  report  of  G.  G.  Hubbard,  esq., 
relative  to  cheap  system  of  postal  telegraph.    Letter  from  the . 

Postmaster  General,  transmitting  statements  of  fines  imposed 
and  deductions  made  for  failure  in  carrying  the  mails.  Let- 
ter from  the -  - . 

President  of  the  United  States  on  the  state  of  the  Union,  with 
accompanying  documents  and  reports.   Annual  message  of  the . 

President  of  the  United  States,  transmitting  correspondence  with 
American  minister  at  London  conceruing  Alabama  claims. 
Message  from  the 

President  of  the  United  States  relative  to  report  of  special  com- 
missioners to  examine  the  work  on  the  Union  Pacific  railroad. 
Message  from  the 

President  of  the  United  States  relative  to  the  disposition  of  the 
American  squadron  at  Rio  Janeiro,  and  the  Paraguay  diffi- 
culties.   Message  from  the 

President  of  the  United  States  relative  to  a  reduction  of  em- 
ploy6s  in  the  Department  of  State.    Message  from  the 

President  of  the  United  States  in  relation  to  tlio  gold  medal  to 
George  Peabody.    Message  from  the 

President  of  the  United  States  relative  to  Messrs.  Costello  and 
Warren,  naturalized  citizens  of  the  United  States.  Message 
from  the 

President  of  the  United  States,  transmitting  statement  of  build; 
ings  or  premises  held  and  occupied  by  the  departments*. 
Message  from  the 

President  of  the  United  States  relative  to  arrest  of  American 
citizens  in  Paragu ay.    Message  from  the 

President  of  the  United  States  relative  to  the  claim  of  William 
T.  Harris,  a  citizen  of  the  United  States,  for  property  with- 
held by  Brazil.    Message  from  the 

President  of  the  United  States  concerning  the  northwest  bound- 
ary commission.    Message  from  the 

President  of  the  United  States  in  relation  to  gold  medal  pre- 
sented to  C vrus  W.  Field.     Message  from  the 

President  of  the  United  States  in  relation  to  the  convention  with 
Mexico.    Message  from  the 

President  of  the  United  States,  transmitting  papers  relative  to 
passage  of  United  States  vessels  through  Straw  Shoe  chan- 
nel, langtsze  river : 

President  of  the  United  States  relative  to  the  execution  of  the 
treaty  with  China  for  settlement  of  claims.     Message  from  the 

Q. 

Quartermaster  General  of  the  arm}'.    Annual  report  of  the 

R. 

Railroad,  Union  Pacific.  Letter  from  the  Secretary  of  the 
Interior,  transmitting  copies  of  papers  in  relation  to  the 

Railroad,  Union  Pacific.  Message  from  the  President  of  the 
United  States,  relative  to  report  of  special  commissioners  to 
examine  the  work  on  the 

Railroad,  Union  Pacific.  Letter  from  the  Secretary  of  the 
Interior,  transmitting  report  of  the  president  oV  the 

Railroad,  Union  Pacific,  eastern  division.  Letter  from  the 
Secretary  of  the  Interior  transmitting  report  of  special  com- 
missioner, relative  to  the  examination  of  the  Sioux  City  and 
Pacific  railroad,  and  the 


7 
7 


7 
9 


9 
13 
13 
13 


13 


7 

7 


7  1 

7 

7 

13 


Part. 

No. 

14 

»••••• 

•22 

3:j 

• 

35 

88 

1 

1 

Page. 


1,2 


12 

15 

19 
41 
53 

66 

67 
69 

70 
86 
89 
98 

99 
29 


15 

15 
15 

25 


C07 


INDEX. 


XIX 


Title. 


Vol. 


Part. 


No. 


Page. 


fiajmond,  R.  W.  Letter  from  the  Secretary  of  the  Treasury, 
tranamittiDg  report  on  the  mineral  resources  of  the  States 
and  Territories  west  of  the  Rocky  mountains,  by . . .  .* 

Reduction  of  employes  in  Treasury  Department.  Letter  from 
the  Secretary  of  the  Treasury,  relative  to 

Redaction  of  expenses  of  War  Department  in  New  York.  Let- 
ter from  the  Secretary  of  War,  trans  mi  ttin^^f  report  of  the 
Qnartermaster  General  relative  to 

Redaction  of  employes  in  the  State  Department.  Message 
from  the  President  of  the  United  States,  relative  to 

Rerenue,  report  of  the  special  Commissioner  of  the.  Letter  of 
the  Secretary  of  the  Treasury,  transmitting 

Rondout  harbor.  Letter  from  the  Secretary  of  War,  transmit- 
ting report  of  Chief  Engineers,  relative  to  improvement  of.. 

S. 

Salvage  against  United  States  steamef  Leviathan.  Letter  from 
the  Secretary  of  War,  transmitting  claim  for 

Ship  canal  through  Maumee  bay  to  Lake  Eric.  Letter  from 
tne  Secretary  of  War,  transmitting  report  by  General  Cram  on 
proposed 

Smithsonian  Institution.  Annual  report  of  the  board  of  regents 
of  the 

Springfield  armory.  Letter  from  the  Secretary  of  War,  trans- 
mitting account  of  expenses  of,  and  arms  manufactured  at, 
1868 •. 

Stamps,  postage.  Letter  from  the  Postmaster  General,  trans- 
mitting advertisements  of  proposals,  &c.,  relative  to 

State  Department  upon  foreign  affairs.     Correspondence  of  the. 

State  Department.  Message  from  the  President  of  the  United 
States,  relative  to  a  reduction  of  employes  in  the 

State,  transmitting  correspondence  relativ'e  to  discriminating 
tonnage  duties  on  vessels  of  the  United  States  in  the  West 
India  islands.    Letter  from  the  Secretary  of 

State,  transmitting  statements  of  the  disbursement  of  the  con- 
tingent fund  of  the  State  Department.  Letter  from  the  Sec- 
retary of 

State,  transmitting  report  relative  to  the  commercial  relations 
with  foreign  nations.    Letter  from  the  Secretary  of 

Soperintendent  of  exports  and  drawbacks.  Letter  from  the 
eeeretary  of  the  Treasury,  relative  to  postponing  the  time  for 
discontinuance  of 

Sargeon  General  of  the  army.    Annual  report  of  the 

Sorveys  for  a  harbor  at  the  Delaware  breakwater.  Letter  from 
the  Secretary  of  War,  transmitting  information  relative  to. . . 

Sarveyors  general  of  Louisiana  and  Florida.  Letter  from  the 
Secretary  of  the  Interior,  relative  to  compensation  of 

T. 

TelegT'pb*  postal.  Letter  from  the  Postmaster  General,  trans* 
mitting  report  of  G.  G.  Hubbard,  esq.,  of  Boston,  relative  to 
the  establishment  of  a  cheap  system  of 

Texas.  Letter  from  the  Secretary  of  War,  transmitting  report 
dt  commander  of  5th  military  district,  relative  to  adjourn- 
ment of  constitutional  convention  of. 

Tonnage  duties  in  West  India  islands.  Letter  from  the  Secre- 
tary of  State,  transmitting  correspondence  relative  to  discrim- 
inating  

Treasury,  on  the  state  of  the  finances  for  the  year  1868.  An- 
noal  report  of  the  Secretary  of  the 

Reports  and  doeumtntt  accompanying  the  above, 

I.  The  Secretary's  report 1 


9 

7 

9 

7 

7 

13 


9 
12 

9 

7 
1 


9 
13 

7 
3 

9 

7 


7 

13 

7 


i,2 


54 
49 

48 
41 
16 
9C 


32 

65 
83 

80 

33 
1 

41 
46 

51 

87 

44 

1 

73 
18 


35 

97 

46 
2 


972 


ni 


INDEX. 


Title. 


(TABLES  ACCOBfPANYINO  THE  REPORT.) 

1.  Receipts  and  elpenditares  of  the  United  States  for  fis- 
cal year  1868. 


2.  Receipts  and  expenditures  of  the  Ufiited  States  for  first 
of  1869 


quarter 

3.  Public  debt  and  synopsis  of  laws  creating  it 

4.  Liabilities  to  Indian  tribes 


11.  Reportt  of  treamrif  officers. 


Architect,  Supervising 

1.  Public  buildings  in  charge  and  the  cost  of  sites,  con- 

struction and  repidrs  up  to  1868 

2.  Appropriations  for  the  erection  and  repairs  of  the  same. 

3.  Expenditures  for  1868  and  balances  remaining 

4.  Expenditures  for  repairs  and  preservation  of  public 

buildings 

5.  Expenditures  for  furniture  and  repairs  of  furniture 

Auditor,  First 

Auditor,  Second 

Auditor,  Third 

1.  Balances  standing  against  persons  arising  from  arrear- 
ages between  maj^  1792,  and  June,  1815 

Auditor,  Fourth 

Auditor,  Fifth 

1.  Expenses  of  foreign  missions/or  fiscal  year  1868 

2.  Consular  salaries  and  fees  for  fiscal  year  1868 

3.  Expenditures  lor  relief  of  American  seamen,  1868 

4.  Amounts  refunded  to  citizens  and  seamen,  1868 

5.  Amounts  expended  by  consular  officers  on  account  of 

criminal  seamen 

6.  Number  of  destitute  American  seamen  returned  to  the 

United  States 

7.  Department  accounts  received  and  allowed 

8.  Expenses  of  assessing  the  internal  revenue  taxes,  1868. 

9.  Expenses  of  collecting  the  internal  revenue  taxes,  1868. 

10.  Expenses  of  collecting  internal  revenue  taxes  in  insur- 

rectionary districts,  1868 

11.  Miscellaneous  expenses  of  collecting  internal  revenue 

taxes,  1868 

12.  Drawbacks  on  merchandise  refunded,  1868 

13.  Amounts  paid  to  internal  revenue  inspectors 

Auditor,  Sixth,  (for  Post  Office  Department) 

Coast  Survey 

Commissioner  of  Customs 

Commissioner  of  Internal  Revenue 

Comptroller  of  Currency 

1.  Employ6s  of  the  bureau  and  their  compensation 

Comptroller,  First 

Comptroller,  Second 

Director  of  Bureau  of  Statistics 

1.  Imports  and  exports  of  coin  from  1821  to  1868 

2.  Exports  of  domestic  merchandise  from  1860  to  1868 

•3.  Imports  and   re-exports  of  foreign  merchandise  from 

1821  to  1868 

4.  Exports  of  domestic  products,  1868 

5.  Re-exports  of  foreign  merchandise,  1868 

6.  Imports  of  foreign  merchandise,  186" 

7.  Tonnage  of  American  and  foreign  vessels  entered  nud 

cleared  at  each  collection  district,  1868 

8.  Tonnage  of  American  and  foreign  vessels  entered  and 

cleared  to  foreign  countries,  lS)8 

9.  Bonded  warehoufe  transactions  from  1847  to  1868 

Director  of  the  Mint 

1.  Deposits  at  the  Mint  and  branches,  1 86H  .v 


Vol. 


Part 


No. 


Page 


5 


5 


5 
5 
5 

5 
5 
5 
.5 
5 


5 
5 


5 
5 
5 


5 


5 
5 
5 
5 


5 
5 
5 
5 
5 
5 
5 
5 
5 


5 
5 
5 
5 


5 
5 
5 


o 


5 
5 
5 
5 


2 
2 
2 


2 
2 
2 

2 
2 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 


2 

2 
2 
2 


2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
5 
2 
2 
2 

2 

2 

2 
o 


2 
2 
2 
2 


XLVI 

L 
LII 

450 


177 

199 
203 
204 

204 

205 

46 

48 

53 

75 
128 
136 
137 
142 
147 
149 

150 

150 
151 
152 
163 

174 

174 

175 

175 

175 

395 

31 

466 

1 

25 

27 

29 

400 

405 

406 

407 
409 
413 
418 

423 

424 
426 
427 
433 


i.  CaJiBnat  tbe  mint  and  brancbea,  ISGl^ 

J.  DMouIt  of  domMtic  gold  aad  silTU  productiaua 

I  Com^reof  the  mint  and  brancbea  from  1T93  to  1866... 
i.  IJ^o^'i  of  domnttc  g^ld  prodactioDs  firora  1804  to 

6.  Silnr  coina^  from  11^  to  ]  868 

7.  Drjpouts  of  docneitic  liljeT  prodacliona  from   1841  lo 

S.  Silrei  coiiu,  their  weigbl  aod  Talue 

9.  Gold  coins,  their  wei^t  and  value   

10,  Oold.ulTer,  and  copper  coinage  from  1792  to  1BS8 

iJtbi-lioiae  Board 

ScCiitsi 

1.  Claiini  paid  "  Qot  otherwiie  provided  for,"  1868 

■.  CiitoziK  enip\oj6a  aud  their  compensation 

1  EipraditnTea  at  each  cm  torn- house  previonfl  to  1868 

4.  Fablicdobt,  BUteiDent  from  1791  to  1868 

K  ToUl  TertDue  of  the  United  States  from  1791  to  1868.. 

f>.  ToUl  eipendituraa  of  the  United  States  from  17!)1  to 


9,  Appendix  A,  toDiiBgc  of  Tetsels  .. 
IC.  Appendix  B,  ship-building 


.    i«  brought  and  busineM  Biiaiog  therefrom,  18OT 

TrtsiBna , , , 

J.  SettiptH  and  payments  by  llie  United  States  sisistsnt 

Ireuureis  and  depositaries 

Ttmnrj,  tnniuiiliiDg  i-stimat^s  of  appioprialion  for  (he  service 
•>!  tLe  fiical  year  ending  June  3U,  1870.     Letters  from  the 

SoiBltiy  of  Ihe 

TitMuy,  transmitting  slatement  relative  to  the  issuo,  conver- 
um,  aod  pucchaae  uT  Uiiiird  States  bonds.    Letter  from  the 

S^Mtarjof  tba 

Tieunry.  endosing  estimates  of  current  expenses  of  tbe  legis. 
IWiTcsuembty,  &c,  of  Washington  Torritorj.    Letter  from 

Uw  Secntvj  of  the  

Tttstoij,  tnusmitting  report  of  Hon.  Israel  T.  Hatch,  on 
nMDEieicia]  relalions  with  ibe  Domiuion  of  Canada.     Letter 

5«i  tbe  Secretary  of  the 

^''ra'siT.askingforaii  BdililioDal  appropiiation  for  macbinery, 
tc^  for  the  branch  mini  at  Carson  City,  Nevada.     Letter 

from  Ibe  Secretary  of  the *. 

TnMDiy,  relative  to  postponing  time  for  discontinuance  of 
raperioiendenl  of  exports  and  drawbacks.  Letter  from  tbe 
Seentuy  of  the 


Sleretary  of  the 

ToMtiy,  relative  to  cost  of  tbe  miut  at  Carson  City,  Nevada. 

Utter  from  the  Secretary  of  tbo 

"Mmy,  relative  to  buildings  held  and  occupied  by  that  depart- 

■jtt    letter  from  the  Secretaty  of  the 

^'^■ly.  Iransmilling  a  report  of  the  Comptroller  of  the  Cnr- 

iMcTielative  to  condition  of  National  Mechanics  and  Farm- 

WBuk  of  Albany,  New  York.     Letter  from  tho  Secretary 


iretarr  of  (i 
:.  H.  Derby 


i>Mnr,  trwiasuldng  report  of  E.  H.  ^erby,  relative  to  thi 
Ucns  oo  the  eoaat  of  the  British  provinces.  Letter  from 
thheMaiyoflbn 


Vol. 

Part. 

No. 

P 

5 

2 

R 

2 

3 

r, 

2 

5 

2 

r. 

a 

2 

!S 

2 

2 

2 

r. 

2 

r. 

2 

f> 

2 

f, 

2 

fi 

2 

!. 

2 

r. 

a 

!> 

5 

2 

h 

2 

J> 

2 

i> 

2 

5 

2 

l 

a 

■J 

7 

26 

7 

7 
7 

m 

40 

7 
7 

44 

45 

7 
U 

49 

&7 

D  1 

59 

9  1 

G2 

s! 

73 

-  9 

75 

XXII 


INDEX. 


Title. 


Vol. 


Treasary,  relative  to  the  removal  of  certain  persons  from  the 
collector*s  office  in  Philadelphia.  Letter  from  the  Secretary 
of  the 

Treasury,  relative  to  money  arising  from  sales  of  captured  and 
abandoned  property.    Letter  from  the  Secretary  of  the 

Treasury,  transmitting  various  statements  of  gola  coin  sold  by 
the  government  since  January,  1&S3.  Letter  from  the  Sec- 
retary of  the 

Treasury,  transmitting  report  of  B.  W.  Raymond  on  mineral 
resources  of  States  and  Territories  west  of  the  Rocky  moun- 
tains.   Letter  from  the  Secretary  of  the >. 

Treasury,  relative  to  the  marine  hospital  at  Chicago,  Illinois. 
Letter  from  the  Secretary  of  the 

Treasury,  transmitting  list  of  clerks,  &c.,  in  the  Treasury 
Department.    Letter  from  the  Secretary  of  the 

Treasury,  transmitting  report  of  £.  B.  Elliot  on  the  international 
metric  system.     Letter  from  the  Secretary  of  the 

V. 

Veterinary  surgeons  in  the  army:  Letter  from  the  Secretary  of 
War  relative  to  the  employment  of  Alexander  Dunbar  to 
instruct.. 

Virginia,  Letter  from  the  Secretary  of  Wnr  communicating 
report  of  Brevet  Lieutenant- Colonel  Roso,  U.  S.  A.,  relative 
to  outrages  in  southwestern — 

W. 

War,  transmitting  papers  relative  to  the  sale  of  the  Fort  Snel- 
ling  reservation.    Letter  from  the  Secretary  of 

War,  relative  to  the  expenditures  in  his  department.  Report 
from  the  Secretary  of 

War,  relative  to  a  bridge  over  the  Missouri  river  at  Kansas  City. 
Letter  from  the  Secretary  of 

War,  relative  to  the  improvements  of  the  Des  Moines  rapids. 
Letter  from  the  Secretary  of 

War,  transmitting  correspondence  relative  to  purchase  of  land 
at  Omaha  for  military  purposes.    Letter  from  the  Secretary  of. 

War,  relative  to  the  removal  of  obstructions  to  navigation  at 
Hell  Gate.    Letter  from  the  Secretary  of 

War,  transmitting  the  claim  of  the  officers  and  crews  of  the 
United  States  gunboat  De  Soto  and  transport  Crescent,  for 
salvage  against  the  United  States  steamer  Leviathan.  Letter 
from  the  Secretary  of 

War,  transmitting  report  of  Quartermaster  General  relative  to 
reduction  of  expenses  of  War  Department  in  New  York. 
Letter  from  the  Secretary  of 

War,  relative  to  the  employment  of  Alexander  Dunbar  to 
instruct  veterinary  surgeons  of  the  United  States  army. 
Letter  from  the  Secretaiy  of 

War,  relative  to  number  of  officers,  civilians,  and  enlisted  men 
in  military  service  at  and  near  New  York  city.  Letter  from 
the  Secretary  of 

War,  transmitting  report  by  General  Cram  on  proposed  ship 
canal  through  Siaumee  bay  to  Lake  Erie.  Latter  from  the 
Secretary  ot 

War,  relative  to  furnishing  clothing  to  inmates  of  houses  for 
disabled  soldiers.    Letter  from  the  Secretary  of 

War,  transmitting  report  of  the  board  of  claims  relative  to  claims 
of  John  £.  Clarke  and  John  T.  Peabody,  deceased.  Letter 
from  the  Secretary  of 

War,  transmitting  information  relative  to  surveys  for  a  harbor 
at  the  Delaware  breakwater.    Letter  from  the  Secretary  of . . 

War,  relative  to  the  modification  of  the  act  of  July  2, 1862,  pre- 
scribing an  oath  of  office.    Letter  from  the  Secretary  of 


9 
9 

13 

9 
13 
13 

9 


Part. 


9 
13 


7 

7 

7 
7 


9 

9 

9 
9 

9 
9 
9 


No. 


77 
82 

84 

54 

100 
94 
76 


Page. 


63 
95 


9 
13 
20 
21 
27 
28 

32 

48 

63 

64 

65 
66 

72 

73 
74 


INDEX. 


XXIIl 


Title. 


Wtr,  nMn  to  baildings  occupied  by  the  War  Department. 

Letter  from  the  Secretary  of 

fir,  tnasmittioff  account  of  expenses  of  national  armory  at 

Sprioffield,  ana  of  arms  manufactured,  during^  fiscal  year 

1868.  Letter  from  the  Secretary  of 

War,  tnumittinir  papers  relative  to  the  claim  of  Thomas  H. 

Doirlio|(,of  California,  to  the  island  of  Ycrba  Buena.   Letter 

froo  tie  Secretary  of .' 

Wtf,  rdatire  to  limiting  the  jurisdiction  of  the  Court  of  Claims. 

Letter  from  the  Secretary  of ; 

War,  tianimitting  memorial  of  General  Roberts,  United  States 

troj,  reUtire  to  waste  lauds  of  Mississippi  river.    Letter 

bm  the  Secretary  of 

Wv,  tnosmittini?  report  of  the  Adjutant  General  on  publica- 

^nofdocoments  relative  to  the  rebellion,  &.c.     Letter  from 

tbe  Secretary  of 

Wir,eommuDicating  report  of  Brevet  Lieutenant  Colonel  Rose, 

United  States  army,  relative  to  outrap^es  in  southwestern 

Tirginia.    Letter  from  the  Secretary  of 

Wv,  trtDimitting  report  of  Chief  Enfi^ineers  relative  to  improve- 

ittnt  of  Rondout  harbor.    Letter  from  the  Secretary  of 

Wir,  tnumitting  report  of  commander  of  fifth  military  district 

i^ktire  to  adjournment  of  constitutional  convention  of  Texas. 
Utter  from  the  Secretary  of 

^ir,  tnosmitting  reports  of  commanders  of  military  depart- 
^ak  south  relative  to  persons  turned  over  for  trial  to  civil 
tttboriiies.    Letter  from  the  Secretary  of 

Wir.  Auntt&l  report  of  the  Secretary  of,  (Parts  J  and  2) 


Vol. 


P^ftrt  a€eompanyin£  report  of  the  General-iit'ChUf, 

Keport  of  Lieutenant  General  W.  T.  Sherman 

Major  General  P.  H.  Sheridan 

Brevet  Major  General  C.  C.  Au|i^r 

Brevet  Major  Creneral  Alfred  H.  Terry 

Major  General  H.W.Halleck 

Brevet  Major  General  £.  0.  C.  Ord 

Brevet  Major  General  GeoTfr^  .Crook 

Major  General  George  G.  Meade , 

Major  General  George  H.  Thomas 

Major  General  W.  8.  Hancock 

Brevet  Major  General  Irvin  McDowell 

Brevet  Major  General  John  Pope 

Brevet  Major  General  £.  R.  S.  Cnnby,  (as  com- 
mander of  department  of  Washington) 

Brevet  Major  General  L.  H.  Rousseau 

Brevet  Major  General  George  Stoneman 

Brevet  Mnjor  General  E.  R.  8.  Cnnby,  (as  com- 
mander of  second  military  district  and  depart* 
ment  of  tbe  south) 

Brevet  Major  General  Alvan  C.  Gillem ^ 

Brevet  Major  General  J.  J.  Reynolds 


Bureau  reports. 

^rl  of  the  Adjutant  General 

Inspector  General 

Judge  Advocate  General 

Chief  Signal  Officer 

Quartermaster  Genera) 

Commissary  General  of  Subsistence 

Surgeon  General 

Paymaster  General 

Chief  of  Ordnance 

Inspector  of  the  Military  Academy 

Commandant  of  the  Artillery  School 

Commissioner  of  Bureau  of  Refugees,  Freed- 
men  and  Abandoned  Lands 


Part. 


No. 


Page. 


9 

9 

9 
13 

13 

13 

13 
13 

13 


13 
3 


3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

3 
3 
3 


3 
5 
3 


3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 


1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
1 
1 


1 
1 
1 


1 
1 
1 
1 
1 


1 
1 
1 
1 


78 
80 

81 

85 

90 

91 

95 
96 

97 


102 
1 


1 

10 

21 

32 

37 

50 

68 

74 

142 

202 

272 

285 

294 
302 
320 


.'?37 
523 

704 


726 
776 

778 
779 
807 
959 
972 
977 
990 
993 
1006 

1016 


XXIV 


INDEX. 


Title. 


WashiDgton  Territory*  Letter  of  the  Secretary  of  the  Treas- 
ury transmitting  estimates  of  current  expenses  of  legislative 
assembly  of 

Washington,  buildings  under  lease  in.  Letter  from  the  Secre> 
tary  of  the  Interior  in  relation  to 

Waste  landS)  Mississippi  river.  Letter  from  the  Secretary  of 
War,  transmitting  memorial  of  Qeneral  Roberts  relative  to. . . 


Vol. 

Part. 

No. 

• 

7 

• 

30 

9 

!^5 

13 

90 

Page. 


40th  Congress,  )    HOUSE  OF  EEPEESENTATIVES.    (  Ex.  Doc. 
3d  Sessian.       )  (    1,  pt.  2. 


MESS^aE 


OF  TIIE 


PRESIDENT  OF  THE  UNITED  STATES 


AND 


ACCOMPANYING  DOCUMENTS, 


TO  Tin-: 


TWO  HOUSES  OF   CONGRESS 


AT.THK 


COMMENCEMENT  OF  THE  THIUD  SESSION  OF  THE  FORTIETH  CONGBESS, 


WASHINGTON: 

GOVEENMENT  PRINTING  OFFICE. 

1869. 


REPORT 


SECRETARY    OF   WAR. 


PART    II. 


REPORT 

OF 

TEE   CHIEF   OF   ENGOEERS. 


Headquarters  Corps  op  Engineers, 

Washingtany  D,  C,  Octok€r  20,  1868. 

General.  :  I  have  the  honor  to  present  the  following  report  of  the 
operations  of  the  eoriis  of  engineers  for  the  fiscal  year  ending  June  30, 
1868. 

OFFICERS  OF  THE  CORPS  OF  ENGINEERS. 

The  number  of  officers  in  the  corps  of  engineers  at  the  end  of  the 
year  was  114  on  the  active  list,  and  five  on  the  retired. 

Eight  officers  were  added  to  the  corps  by  promotion  of  graduates  of 
the  Military  Academy.  No  casualties  have  occurred  in  the  corps  during 
the  past  year. 

On  the  30th  of  June,  1868,  the  officers  were  distributed  as  follows : 

On  duty  at  the  headquarters  of  the  corps 6 

On  duty  with  boards  of  engineers  for  fortifications 8 

On  duty  with  battalion  of  engineers 21 

On  dntj',  construction  of  fortifications 13 

On  duty,  construction  of  fortifie>ations  and  harbor  and  river  improve- 
ments   21 

On  duty,  harbor  and  river  improvements 14 

On  duty,  survey  of  the  lakes 9 

On  gp^;ial  duty 2 

On  detached  duty 15 

Retired,  oflTduty 2 

Graduate  Military  Academy,  on  graduating  leave L  8 

Total 119 


The  officers  detached  were  on  duty  as  follows : 

Members  of  the  Light-house  Board,  Brigadier  General  Richurd 
Delajield,  brevet  major  general  United  States  army,  and  Colonel 
Hartman  Bache^  brevet  brigadier  general  United  States  army 2 

Engineer  secretary  to  Light-house  Board,  Major  0.  M.  Foe^  brevet 
brigadier  general  United  States  army 1 

Aid«*.de-eamp  to  the  General  of  the  army,  Major  C  B.  Comstock^ 
breret  brigadier  general  United  States  army,  and  Major  0.  E>  Bab- 
coci,  brevet  brigadier  general  United  States  army 2 

On  staff  of  Lieutenant  General,  commanding  military  division  of  the 
Missouri,  Major  W.  E.  Merrill^  brevet  colonel  United  States  army      1 

On  gtaff  of  major  general  commanding  military  division  of  the 
Pacific,  Major  H.  M.  Robert 1 
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On  duty  under  the  immediate  orders  of  the  honorable  Secretary  of  the 
Interior,  Captain  C  W.  Howell^  brevet  m^or  United  States  army.       1 

On  staff  of  brevet  major  general  commanding  department  of  the 
Platte,  First  Lieutenant  JR.  W,  Petrihen 1 

On  duty  at  the  Military  Academy,  Captain  P.  8,  Michie^  brevet  lieu- 
tenant colonel  United  States  army,  Captain  T^^.  H.  H.  Benyaurdy 
brevet  msyor  United  States  army.  First  Lieutenant  M.  B.  AdamSy 
First  Lieutenant  J.  C  Postj  First  Lieutenant  H,  M.  Adams^  and 
First  Lieutenant  J^mes  Mercur 6 

16 


The  following  officers  of  infantry  were  on  duty  during  the  year  under 
my  orders:  Lieutenant  Colonel  J.ff,  Wilsony  thirty-fifth  infantry,  brevet 
m^or  general  UnitM  States  army,  Secona  Lieutenant  JE.  T,  Hoffmanj 
thirty-fifth  infantry,  and  the  following  civil  enginees  under  the  authority 
of  the  Secretary  of  War  were  employed,  namely:  Messrs.  TT.  Milnor 
KobertSy  D.  C.  Jenniy  H.  C  lAmg^  and  Clarence  King, 

SEA-COAST  AND  LAKE  FRONTIER  DEFENCES. 

Material  progress  has  been  made  during  the  year  upon  those  portions 
of  the  defences  not  affected  by  the  questions,  now  prominent,  respecting 
the  increased  use  to  be  made  of  iron  in  covering  and  protecting  guns, 
gunners,  and  scarps,  against  the  action  of  projectiles  of  very  large 
calibres,  served  from  armored  batteries.  It  has  been  found  practicable 
to  advance  the  condition  of  the  fortifications  very  sensibly  in  many 
particulars,  although  the  appropriations  for  this  object  have  been  quite 
restricted^  and  much  within  the  amounts  asked  for  for  this  service.  The 
construction  of  walls,  piers,  and  arches ;  of  casemates,  quarters,  store- 
rooms, and  magazines,  foundations,  counterscarps,  and  other  parts  of 
our  defensive  works,  can  be  continued  with  advantage,  independently  of 
the  special  question  of  armor,  which  exacts  deliberate  and  prolonged 
examination  here,  as  well  as  in  other  countries. 

The  work  of  restoration  on  the  forts  on  the  southern  sea-coast  has 
been  continued,  so  that  a  large  portion  of  the  defences  of  New  Orleans, 
as  well  as  Mobile  and  Pensacola,  have  been  placed  again  in  condition  for 
use. 

A  careful  inspection  has  been  made  by  an  exi>erienced  engineer  officer 
of  the  defences  of  the  southern  Atlantic  coa«t,  between  Cape  Henry  and 
Cape  Florida ;  their  condition  ascertained,  and  i)rojects  and  estimates 
I>repared  for  their  restoration  to  a  serviceable  condition  as  well  as  for 
desirable  modifications  Jind  improvements.  Whenever  it  shall  be  con- 
sidered expedient  to  undertake  these  meliorations,  and  Congress  shall 
make  the  necessary  appropriations,  officers  of  engineers  can  be  put  upon 
this  duty,  and  the  work  be  commenced. 

Inspections  of  the  works  in  progress  on  the  Pacific  coast,  as  well  as 
examinations  of  existing  defences,  proposed  sites,  and  the  frontier  and 
sea-board  lines  of  that  coast,  have  been  made  by  Lieutenant  Colonel  B. 
S.  Alexander^  brevet  brigadier  general  United  States  army ;  and  the 
board  of  engineers,  of  which  that  officer  is  the  presiding  member,  has 
had  under  ex>nsidemtion,  and  acted  upon,  a  number  of  important  ques- 
tions pertaining  to  the  defence  of  that  coast,  which  were  committed  to 
it  for  examination.  These  questions  include  selections  of  sites  for  de- 
fensive works,  direction  of  surveys,  with  the  determination  of  their  extent 
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character,  pre|iaration  of  projects  of  fortiflciitioiis,  and  examinationa 
be  plaus  of  forts  iiuder  coDstruc-tion  witli  a  view  to  their  nieltoratiun 

improvement. 

Iienpecial  examinations  and  experiments  in  proj^ss  for  the  purposes 
erbing  suitable  methods  of  applying  and  serving  enlarged  artilleiy 
be  eearcoast  batteripA  and  forts,  and  of  protecting  our  defences 
in»t  attacks  strengthened  by  such  artiHerj'  and  protection,  ha\e  not 
idfortleii  all  the  deJiired  conclusions.  The  undeveloi>wl  condition  of 
iches  of  niaoafacturiBg  industry',  the  gravity  of  the  subject,  and 
T  causes  external  to  the  professional  qnestions  involved,  have  »le- 
d  the  progretts  of  the  investigations.  But  this  delay  has  at  least 
rged  the  field  of  exaniiuations  and  oiieueil  channels  of  intelligence, 
use  of  which  will  eventually  render  uiore  full  and  complete  the  solu- 

of  the  question. 

moDg  these  inquiries  may  be  mentioned  a  series  of  experimentti,  on 
jdnced  scale,  made  by  Captain  W.  B.  King,  brevet  uinjor  IJnitMl 
«s  army,  with  steel  projectiles  of  various  forms,  and  with  plates  of 

and  of  steel,  of  various  qualities,  thicknesses,  fonns,  and  eombina- 

H. 

bese  experiments  are  being  carried  on  with  a  view  to  a»«certdiining 
relative  resistances  to  penetration  of  the  metals  tested,  and  such  other 
titles  as  conld  be  determined  in  this  manner.  Tliey  may  be  followe^l 
xperimeots  on  a  larger  scale,  in  snch  eases  as  from  their  imimrtance 
'  require  it. 

he«e  experiments,  aud  the  investigations  to  which  they  lead,  were 
tnled  chiefly  as  tinders;  that  is,  where  undertaken  with  a  view  toi-e- 
ing  the  number  and  cost  of  the  larger  experiments. 
heir  remilts  are  valuable,  giving  facts  coiieeming  the  laws  of  peue- 
ion  of  solid  wrougbt-iron  plates;  of  laminated  plating;  of  conibiim- 
»  of  wrought  and  chilled  cast  iron  -,  of  cast  and  rolled  Bessemer  steel ; 
■enetration  in  sand;  and  the  effeirt  of  dift'erent  forms  of  head  upon 
penetrating  ]>ower  of  the  projectile. 

esides  revisor>'  examinations  of  projects  for  the  modification  of 
ting  forts,  aud  of  works  in  progress,  extendt.^  and  varie<i  exiieri- 
Its  upon  materials  aud  combinations  for  ])arapets  have  been  mH<le  by 
board  of  engineers  for  fortifications,  Colonei  J.  G.  Barnard,  brevet 
or  general  Unitetl  States  army,  presirling  ofticer,  including  earth  of 
ereut  kinds,  several  sorts  of  masonry,  metal  plates,  and  these  st^veral 
nentfl  applied  together  in  various  ways;  the  results  of  which  have 
n  to  afford  the  knowle<1ge  re^iuisite  for  the  preparation  of  suitable 
er  for  open  batteries  in  a  large  portion  of  cases,  and  for  important 

itkHIB. 

ereral  experimental  stnictures,  into  which  iron  enters  as  the  siiecial 
Dent,  have  also  been  made  ready  for  trial  nnder  the  direction  of  the 
rd  of  engineers  for  fortifications,  and  these  will  soon  be  subjected  to 
per  tests,  cflrefiilly  applied.  These  stmctiu^s  represent  the  appli- 
ion  of  this  raateriat  both  to  open  and  (rovered  batteries,  and  to  existing 
rks  as  well  as  in  new  ones.  The  trials  executed  and  proposed  will 
reftwe,  together,  provide  for  all  the  cases  belonging  to  our  system  of 
«  defeuces. 

Inocber  question  which  is  receiving  the  attention  of  the  corps  of 
jWwere,  is  one  which  has  lately  been  reopened  by  the  direction  which 
terim^ntB  in  England  have  taken,  viz:  whether  it  may  not  l>e  better 
leek  some  arrangement  for  moniiting  barbette  guns  which  will  allow 
gun  Uf  descend,  either  during  or  after  the  recoil,  so  as  to  bring  it 
la-  cover  of  the  parapets,  and  thus  avoid  the  expense  of  constructing 
1  shields  or  embrasures  for  barbette  guns. 
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This  question  has  been  heretofore  studied  by  several  officers  of  the 
coii)8  at  various  times,  and  models  and  drawings  of  several  de^ice8  for 
the  purpose  have  been  made.  The  interest  in  this  subject  has  been 
renewed  by  the  recent  trials  of  Captain  MoncrieflTs  counterpoise  barbette 
carriage  for  a  seven  inch  rifle,  at  Shoeburyness,  which  is  represented  to 
be  a  successful  solution  of  the  problem. 

The  estimates  of  appropriations  for  the  fiscal  year  ending  June  30, 
1870,  are  based  upon  the  most  moderate  progress  in  the  defences;  and 
this  only  upon  those  portions  of  them  w  hich  are  not  aifected  by  the  ques- 
tions of  cover,  or  armor,  discussed  above.  It  is  for  the  interest  of  the 
country,  in  respect  to  its  seaboard  defences,  that  these  amounts,  at  least, 
should  be  appropriated,  to  be  promptly  applied  to  the  works.  There  are 
no  questions  in  debate  that  touch  the  judicious  and  economical  expendi- 
ture of  these  sums.  Several  of  the  forts  are  suffering  by  the  delay  and 
intenuptious  of  labor.  At  some  of  them  the  encroachments  of  the  sea 
are  causing  serious  injury'  to  the  sites,  which,  if  not  arrested,  will  prove 
destructive  to  portions  of  the  defences. 

FORTIFICATIONS. 

Fort  Wayn€y  Detroit^  Michigan^  in  eh^xrge  of  Colonel  T.  L  Cram^  brevetmajor 
general  United  States  army. — Operations  at  this  work  during  the  year  have 
resulted  as  follows:  The  ditch  has  been  widened  to  25  feet,  and  about  900 
square  yards  of  the  counterscarp  have  been  graded  and  sodded.  The  glacis 
has  been  graded  opposite  the  east  face  of  the  north  bastion,  and  2,000  cubic 
yards  of  earth  embanked  on  other  portions.  The  lateral  batteries  have 
been  laid  out,  and  about  6,000  ctibic  yards  of  earth  from  the  ditch 
embanked  along  the  lines  of  their  parapets.  The  concrete  covering  has 
been  applied  to  the  magazine  in  the  demilune.  The  stone  coping  of  the 
face  w^all  of  this  magazine  has  been  completed,  as  also  the  brick  wall  to 
sustain  the  earth  covering  at  the  extremity  next  to  the  salient  gun  plat- 
form, and  the  doors  have  been  made  and  hung.  The  excavation  for  the 
foundation  of  the  magazine  in  the  west  battery  has  been  completed,  and 
the  doors  for  this  magazine,  and  also  that  in  the  east  battery,  made. 
The  ramp  leading  from  the  roadway  up  the  glacis  to  the  ditch  opposite 
the  salljTJort,  under  the  north  flank  of  the  east  bastion,  has  been  finished. 
A  new  main  roadway  to  replace  the  existing  one  has  been  located  and 
graded.  The  drain  leading  along  the  rear  of  soldiers'  quarters  has  been 
rebuilt  and  enlarged,  and  the  ditch  drain  and  main  gateway  completed. 

During  the  present  year  it  is  contemplated  to  complete  the  magazine, 
and  the  15-inch  gun  platform  in  the  demilune;  to  construct  breast 
heights,  gun  platforms,  magazii\es,  and  parapets  of  lateral  batteries;  to 
complete  the  grayling,  sodding,  and  seeding  of  counterscarp  and  glacis : 
to  reconstnict  roadway  fro'm  main  entrance  to  engineer  wharf,  ancl 
execute  such  incidental  work  of  repairs  as  may  be  found  necessary. 

Appropriation  asked  for  the  next  fiscal  year,  $20,000. 

Fort  Porter^  Bluck  Rockj  near  Buffalo^  New  YorJcj  in  charge  of  CoJjonel 
T,  J,  Cram,,  brevet  major  general  United  States  army,  and  Captain  F.  Har- 
woodj  brevet  lieutenant  colonel  United  States  army. — Operations  during 
the  year  were  confined  to  repairs  of  temporaiy  buildings  for  storage  and 
office  purposes. 

No  appropriation  asked  for  the  next  fiscal  year. 

Additional  worloifor  the  defence  of  Buffalo,,  New  York. — The  condition 
of  these  remains  the  same  a«  was  reported  last  year. 

No  appropriation  asked  for  the  next  fiscal  year. 

Fort  Niagara,,  mouth  of  Niagara  river ^  New  York^  in  charge  of  Colonel 
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T.J.  Cram^  hrevet  major  general  United  States  armyy  and  Lieutenant  Colonel 
C.  E.  Blunt^  brevet  colonel  United  States  army. — Comparatively  little  has 
been  done  at  this  work  since  operations  were  suspended  in  October,  1866. 

The  principal  work  executed  has  been  the  completion  of  the  sallyport 
arch  with  its  roof  surfaces,  and  of  the  other  arches  of  the  land  front, 
with  the  covering  of  mastic  on  part  of  the  left  flank,  and  the  carrying 
up  of  the  dry  stone  wall  back  of  the  scarp. 

The  succeeding  operations  to  be  undertaken  are  the  stone  coping  of  the 
8carp,  building  enti'ances  and  stairways  to  flank  casemates  and  gallery 
at  re-entrant,  and  embanking  of  the  land  front  parapet. 

Appropriation  asked  for  the  next  fiscal  year,  $25,000. 

Fort  Ontario^  OstvegOy  New  York^  in  charge  of  Lieutenant  Colonel  C.  E. 
Bluntj  brevet  colonel  United  States  army. — The  principal  operations  of  the 
year  have  been  the  raising  of  the  scarp  on  all  the  fronts  (omitting  the 
uiifini.shed  flanks)  to  within  two  and  a  half  feet  (average)  of  its  final 
height. 

'nie  maisonry  of  the  two  stone  guard-houses  flanking  the  sallyport  has 
been  completed.  All  the  roof  surfaces  on  front  No.  4  have  been  finished 
and  covered  with  mastic,  and  the  parapet  of  the  curtain  and  flanks  mainly 
embanked. 

The  stone  used  is  quarried  on  the  public  land. 

During  the  coming  year  it  is  proposed  to  complete  the  scarp  of  faces 
and  curtains,  and  part  of  the  flanks. 

Appropriation  asked  for  the  next  fiscal  year,  $50,000. 

Fort  Montgomery^  outlet  of  Lake  Champlain^  New  York,  in  charge  qf 
Lieutenant  Colonel  C.  E.  Bluntj  brevet  colonel  United  States  army,  and 
Captain  J.  W.  Barlow,  brevet  lieutenant  colonel  United  States  army. — 
The  principal  operations  at  this  work  have  been  the  completion  of  the 
flagging  of  the  first  and  second  stories  of  bastions  C  and  D ;  raising  the 
Houth  end  of  the  parade  wall  of  curtain  III,  and  the  staircase  in  bastion 
C,  to  reference  (30.80');  turning  the  lower  passage  arches  in  bastion  C, 
and  the  second  story  arches  of  curtain  III ;  advancing  the  interior  finish 
of  the  officers'  quarters,  and  construcring  the  revetment  wall  of  coverface. 

During  the  present  year  it  is  proposed  to  complete  the  staircase  in 
bastion  C,  the  parade  wall  of  curtain  UI,  and  the  revetment  wall  of 
coverface. 

Appropriation  asked  for  the  next  fiscal  year,  $25,000. 

Fort  Knox,  Bucksport,  Penobscot  river,  Maine,  in  clmrge  of  Major  T.  L. 
Casey^  brevet  colonel  United  States  army,  and  lAeutenant  Colonel  George 
Tkom,  brevet  brigadier  general  United  States  army. — Operations  on  this 
work,  owing  to  the  limited  amount  of  the  appropriation  available  there- 
for, were  discontinued  about  the  middle  of  October  last,  and  consisted 
in  completing  the  masonry  and  subdrainage  of  the  storage  casemates 
under  the  ps^ade  of  the  main  work,  and  digging  a  trench  behind  the 
rear  wall  a  part  of  the  distance  to  receive  a  conduit  for  the  roof  drain- 
age; C9mpleting  the  banquette  steps  of  the  north  coimterscarp  gallery; 
placing  the  pintles  and  traverse  irons  upon  seven  front  pintle  platforms 
of  the  north  covered  way  and  on  two  flanking  positions  in  the  northeast 
demi-bastion:  moimting  guns  on  batteries  A  and  B^  finishing  officers' 
quarters;  finishing  parapets  and  terrepleins  of  15-inch  guns;  and  in 
repairs  of  slopes,  roads,  and  drainage  of  the  work. 

Appropriation  asked  for  the  next  fiscal  year,  $25,000. 

Fort  Popham,  mouth  of  Kennebec  river,  Maine,in  charge  of  Major  Thomas 
L.  Casey,  brevet  colonel  United  States  army,  and  Lieutenant  Colonel  George 
Tkom,  brevet  brigadier  general  United  States  a¥my. — ^Active  operations 
were  earned  on  from  July  1st  to  the  end  of  October,  18G7.    Tlie  arches 
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of  the  gun  casemateB,  Nos.  24  to  37  inclusive,  on  the  water-fronts  were 
covered  with  concrete,  the  roof  surfaces  formed  and  covered  with  mas- 
tic, and  the  mastic  covered  with  brick  flatting,  except  where  the  valley 
arches  are  to  be  constructed.  The  concrete  floors  of  the  three  magazines 
on  terreplein  of  water-fronts  were  laid,  and  the  side  walls  brought  up 
to  the  level  of  roof  surfaces.  In  the  scarp  386  running  feet  of  the 
course  immediately  under  the  cordon  were  laid,  completing  that  course 
except  on  the  gorge,  and  bringing  the  water-fronts  and  outer  faces  of 
the  bastions  up  to  reference  (45'.) 
Appropriation  asked  for  next  fiscal  year,  $50,000. 
Fort  Gorges,  Portland  Harbor j  Maine,  in  charge  of  Major  Thomas  L, 
Casey,  brevet  colonel  United  States  army,  an^  Lieutenant  Colonel  George 
Thorn,  brevet  brigadier  general  United  States  army. — The  progress  made 
during  the  year  is  as  follows:  The  rubble  foundations,  15  feet  in  depth, 
for  two  of  the  stairway  towers  have  been  completed;  the  cut  stone 
masonry  of  tower  No.  1,  (in  angle  I-II)  has  been  carried  up  24J  feet;  that 
of  tower  No.  3,  (in  angle  III-IV)  six  feet;  and  that  of  tower  No.  4,  (in 
angle  IV-V)  20  feet,  being  now  built  up  to  reference  (47'.) 

The  scarps  of  the  magazines  have  all  been  reinforced,  and  their  brick 
linings  completed.    The  ante-rooms  have  been  finished  and  fitted  np  for 
ordnance  store-rooms. 
Three  barbette  center  pintle  gun  platforms  have  been  built. 
The  two  magazine  traverses  on  the  gorge,  and  four  bomb  proof  tra- 
verses, have  been  built  and  partially  covered  with  concrete. 

The  quarters  in  the  gorge  have  nearly  all  been  lathed  and  plastered, 
all  the  windows  and  outer  doors  glazed  and  put  in,  and  some  of  the 
rooms  nearly  completed. 
Appropriation  asked  for  the  next  fiscal  year,  $25,000. 
Netc  Fort  Preble,  Portland  Harbor,  Maine,  in  cliarge  of  Major  Thomas 
L,  Casey,  brevet  colonel  United  States  army,  and  Lieutenant  Colonel  George 
Thom,  brevet  brigadier  general  United  States  army. — The  progress  made 
during  the  year  is  as  follows:  The  scarps  B  and  C  of  old  enclosed  work 
have  been  carried  from  reference  (16')  and  scarp  A  from  its  foundations 
in  reference  (11' 8")  to  completion  in  reference  (32';)  the  earthem  parapet 
on  front  C  has  been  carried  to  reference  (40')  for  about  two-thirds  of  the 
length  of  this  front;  and  the  remainder  of  this  front,  and  fronts  B  and 
A,  have  been  covered  with  earth  to  reference  (36')  to  protect  them 
through  the  winter. 

The  stairway  from  the  upper  to  the  lower  pai^ade,  south  flank,  has  been 
carried  from  reference  (11'  8")  to  reference  (28',)  which  completes  the 
steps  as  well  as  the  masonry  between  it  and  the  old  enclosed  work. 

In  the  magazine  traverse  of  the  south  battery  excavation  has  been 
made  for  its  foundation  and  drainage  through  the  parapet;  the  drains 
built;  concrete  foundation  laid;  and  the  masonry  built  as  follows:  The 
cut  stone  masonry  on  the  east  side  and  front  carried  to  reference  (33';) 
the  brick  work  in  the  entrance  up  to  reference  (32';)  and  in  the  ante- 
room and  west  side  of  magazine  to  reference  (31'.) 

The  two  piers  on  front  II  next  to  angle  II-III  have  been  carried  up  to 
reference  (12';)  the  remaming  pier,  and  the  magazine  foundation  at  the 
angle  III,  have  been  carried  up  to  reference  (6' 6".) 

In  the  old  enclosed  work  the  brick  buildings  heretofore  used  as  officere' 
quarters,  and  the  two  small  magazines  in  it,  have  been  taken  down,  pre- 
paratory to  building  a  new  magazine. 
Appropriation  asked  for  the  next  fiscal  year,  $50,000. 
Fort  Scammel,  Portland  Harbor,  Maine,  in  charge  of  Major  Thomas  L. 
Casey,  brevet  colonel  United  States  army,  and  Lieutenant  Colofiel  George 
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Tkom^  brevet  brigadier  general  United  States  army. — The  progress  made 
during  the  year  is  as  follows:  The  gorge  wall  of  east  bastion  has  been 
ctfried  from  reference  (56'  8")  to  reference  (59'  9"; )  and  the  two  maga- 
zines and  gorge  scarp  also  to  reference  (59'  9";)  the  flagging  of  the  second 
tier  of  the  gorge  laid,  and  ante-rooms  in  the  gorge  of  this  bastion 
finished. 

The  gorge  parade  wall  of  the  west  bastion,  together  with  its  two  mag- 
azines and  ante  rooms,  have  been  carried  from  reference  (41')  to  reference 
(59'  9";)  and  the  gorge  scarp  wall  in  rear,  from  reference  (55'  3")  to  ref- 
erence (59'  9")  and  all  the  flagging  laid  on  the  second  tier  of  the  gorge. 
The  magazines  and  ante-rooms  of  the  bastion  have  been  finished. 

Excavation  has  been  made  for  the  foundation  of  magazine  traverse  C 
of  the  main  work,  its  parade  wall  carried  up  to  reference  (56',)  and  its 
other  walls  to  reference  {5S^  9".) 

Partial  excavation  has  been  made  for  magazine  traverse  B. 

Appropriation  asked  for  the  next  fiscal  year,  $50,000. 

Fart  McClary,  Portsmouth  Harbor,  Kittery  Point,  Maine,  in  charge  of 
Lieutenant  Colonel  J,  0,  Foster,  brevet  major  general  United  States  army, — 
At  this  fort  the  work  accomplished  in  the  past  fiscal  year  comprises  the 
completion  of  the  excavation  of  the  solid  rock  to  the  required  dimensions 
to  form  the  ditches  of  the  north  and  west  (land)  fronts,  and  for  cisterns, 
magazine^  covered  passages  to  the  caponnieres,  and  cunettes  to  the 
ditches ;  the  construction  of  one  hundred  and  sixty-two  feet  of  granite 
masonry  scarps  of  the  west  fronts,  and  of  the  entire  length  of  granite 
scarp  of  the  north  front  to  the  height  of  nine  courses,  or  twenty  feet  four 
inches  to  the  reference  (59' ;)  the  construction  of  the  granite  masonry 
scarp  of  the  northwest  caponniere,  including  four  embrasures  complete 
to  a  height  of  four  courses  or  eleven  feet  two  inches,  to  the  reference 
(50'  10" ;)  the  construction  in  this  capdnniere  of  a  brick  cisteni,  and 
granite  masonry  magazine,  with  brick  covering  arches  and  a  portion  of 
the  granite  masonry  side  walls  of  the  passage  leading  to  the  terreplein ; 
the  extension  of  the  granite  scarp  of  the  south  ftx)nt  across  the  south 
end  of  the  west  ditch ;  the  filling  with  dry  rock  the  south  end  of  this 
ditch  to  the  requisite  grade,  and  the  diy  rock  fiUing  behind  the  scarp 
walls  and  in  the  glacis. 

This  year  it  is  proposed  to  continue  the  work  on  the  land  fronts. 

Appropriation  asked  for  the  next  fiscal  year,  $75,000. 

Fort  ConstittUion,  Portsfnouth  harbor,  Neic  Hampshire,  in  charge  of 
Lieutenant  CokmelJ.  G.  Foster,  brevet  major  general  United  States  army. — ^ 
At  this  fort  during  the  year  no  work  except  the  guarding  and  preserva- 
tion of  machinery  and  material  has  been  done. 

A  large  supply  of  materials  and  ample  machinery  are  ready  for  active 
operations. 

No  appropriation  asked  for  the  next  fiscal  year. 

Fort  Warren,  Boston  harbor,  Massa^shnsetts,  in  charge  of  Colonel  H,  W, 
Benham,  brevet  major  general  United  States  army. — ^The  work  for  the  past 
year  has  consisted  mainly  in  building  one  bomb  proof  traverse  on  the 
coverface  of  the  northeast  front  (No.  2)  and  the  construction  of  another 
almost  to  completion  on  the  same  coverface.  The  building  up  of  the 
scarp  wall  and  arch  of  the  main  gateway,  with  some  repairs  of  drains, 
slopes,  &c.,  and  the  removal  of  the  old  engineer  buildings  within  the  fort, 
and  their  reconstruction  nearly  to  completion  on  the  exterior  of  the  work. 

During  the  present  year  it  is  proposed  to  continue  the  construction  of 
bomb  proof  traverses  around  the  parapet  of  main  work,  complete  the 
engineer  buildings  outside  the  fort,  repair  embankments  and  sloi)es,  and 
atop  the  leaks  over  the  arches  of  some  of  the  principal  casemates. 
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Appropriation  asked  for  the  next  fiscal  year,  $100,000. 

Fort  Winthropy  Boston  harbor,  MassachiisettSj  in  marge  of  Colonel  H, 
W,  Benhanij  brevet  major  general  United  States  army. — The  work  of  the 
year  has  consisted  mainly  in  the  construction  of  the  long  covered  way 
which  forms  a  large  arched  communication  between  the  tower  ditch  and 
south  battery  ;  the  raising  of  the  embankment  up  to  the  height  of  the 
proposed  terreplein  of  the  bastions  at  the  northe>ast,  northwest,  and 
southwest  angles  of  the  proposed  earthwork  around  the  tower ;  the  repair 
of  the  embankments  of  several  of  the  bomb  proof  traverses  at  the  differ- 
ent batteries,  and  the  receiving  and  preparation  of  the  material  neces- 
sary for  constnicting  the  open  covered  way  from  the  south  battery  to 
the  water  batteries. 

The  operations  proposed  for  the  present  year  are  the  construction  of  a 
wall  for  the  protection  of  the  face  of  the  bluff  in  front  of  the  east  battery, 
the  continuation  of  the  embankment  of  the  earthwork  surrounding  the 
tower,  and  the  construction  of  the  open  covered  way  from  the  south  to 
the  water  batteries. 

Appropriation  asked  for  the  next  fiscal  year,  $75,000. 

Fort  Independence^  Boston  Mrbor^  MassaehusettSj  in  charge  of  Colonel  H, 
W.  Benliam^  brevet  major  general  United  States  army. — The  work  of  the 
past  fiscal  year  comprises  the  completion  of  the  masonry,  concrete,  and 
earth  covering  of  the  magazines  of  the  northwest  exterior  battery,  the 
commencement  and  essential  completion  of  the  masonry  of  the  large 
bomb  proof  traverse  of  the  southeast  exterior  battery,  and  the  commence- 
ment of  the  masonry  of  the  adjacent  magazine,  the  cutting  down  of  the 
parapet,  and  the  enlargement  and  raising  of  the  embankment  at  the 
outer  extremity  of  this  batter^"  to  the  level  of  the  terreplein  for  the  cen- 
tral front  pintle  guns  there,  and  the  preparation  of  the  stone  required 
for  the  gun  platforms  and  magazines. 

It  is  proposed  during  the  present  year  to  commence  the  construction 
of  the  new  sea-wall,  complete  the  traverse  and  magazine  of  southeast 
battery,  and  repair  the  slopes  of  the  northwest  battery. 

Appropriation  asked  for  the  next  fiscal  year,  $50,000. 

Permanent  forts  at  Provincetown  harbor^  Massachusetts. — Commencement 
of  operations  here  are  waiting  for  the  preparation  of  plans  for  the  works. 

Ko  appropriation  asked  for  the  next  fiscal  year. 

Fort  at  Clarices  Pointy  N^ew  Bedford^  Massachusetts^  in  charge  of  Captain 
J.  A.  Smith,  brevet  major  United  States  army. — The  scarp  and  parade 
walls  have  been  completed,  also  the  concreting  of  roofs  over  arches. 

All  the  foundations  for  breast  height  wall  and  gun  platforms  have 
been  raised  to  the  height  for  receiving  the  stone  superstructures. 

The  mastic  covering  of  roofs  is  far  advanced,  and  all  the  valley  arches 
with  their  manholes  and  covers  completed. 

The  masonry  for  three  magazines  has  been  built.  The  masonry  of  two 
stair  towers  on  gorge  has  been  completed,  and  the  towers  furnished  with 
iron  stairways. 

The  balcony  forming  communication  with  second  tier  of  quarters  has 
been  completed,  and  two  ca^mates  for  quarters  have  been  furred  with 
brick. 

The  iron  work  for  upper  balcony  has  been  made,  and  the  balcony 
nearly  finished.  Two  magazines  have  been  completed  and  made  ready 
to  receive  powder.  Four  heavy  doors  have  been  made  for  magazines, 
also  all  the  hinges  for  outer  doors,  and  several  doors  fitted  and  hung. 

It  is  proposed  during  the  year  ending  June  30, 1809,  to  cover  the  mas- 
tic roofing  with  bricks,  gravel,  and  earth,  and  to  complete  as  far  as  pos- 
sible with  available  funds  the  construction  of  parapet  and  terreplein  and 
covering  for  magazines. 
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The  work  has  now  arrived  so  near  completion  that  it  is  highly  import- 
ant it  should  progress  continuously  until  finished. 

The  amount  estimated  to  complete  the  work,  exclusive  of  additional 
batteneSj  for  which  plans  have  been  prepared,  is  fifty  thousand  dollars. 
Approi>riation  aske4  for  the  next  fiscal  year,  $50,000. 
Fort  AdamSj  Newport  harbor^  Rhode  Island^  in  cliarge  of  Major  I),  C. 
HouMton^  brevet  colonel  United  States  anny, — The  work  on  this  fort  has 
cx>nsiste<l  in  removal  and  repairs  of  bam,  repairs  of  permanent  wharf, 
constmetion  of  new  iwstern  gates,  putting  up  iron  railing  about  terre- 
plein  stairway,  construction  of  water-closets  for  enlisted  men,  building 
guard-house,  repairing  sidewalks,  coping  and  surface  drains,  repairing 
casemate  arches  and  terreplein  to  prevent  leakage,  refacing  brick  em- 
brasure^ repointiug  parade  wall,  repairing  slopes  of  main  work  and  of 
redoubt. 

The  work  contemplated  for  the  year  ending  June  30,  1869,  will  consist 
in  repairs  of  permanent  wharf;  repairs  of  sea-wall  protecting  embank- 
ment of  glacis  west^of  fort ;  repointing  parade  wall  of  main  work  and 
the  redoubt ;  continuing  repairs  of  brick  embrasiures,  main  work. 
No  appropriation  asked  for  the  next  fiscal  year. 

Defences  of  Dut4!h  island^  Rhode  Island^  western  entrance  Narraga/nsett 
bajfj  in  charge  of  Major  i).  C.  Houston^  brevet  colonel  United  States  army. — 
Operarions  at  this  point  during  the  past  year  have  consisted  in  altering 
the  upper  battery  to  adapt  it  to  an  armament  of  15-inch  guns ;  construct- 
ing a  permanent  wharf ;  mo\ing  and  repairing  building  for  overseer's 
quarters ;  preparing  site  for  proposed  permanent  work  on  summit  of  the 
island  ;  i-emoving  and  repairing  buildings  used  as  mess-house  and  stable, 
and  making  roa<&. 

The  operations  contemplated  for  the  year  ending  June  30,  1869,  are 
completing  the  work  above  enumerated,  and  commencing  work  on  the  per- 
manent defences. 
No  appropriation  asked  for  the  next  fiscal  year. 

Fort  Schuyler  J  Ea^t  river,  Netc  York,  in  charge  of  Major  H.  L.  Abbot, 
hreret  brigadier  general  United  St/ites  army. — The  operations  during  the 
pa*?t  year  have  been  confined  to  completing  two  service  magazines ;  lay- 
ing two  15-inch  gun  platforms  upon  the  coverface ;  making  necessary 
modifications  of  the  casemates  of  the  lower  tier  of  the  main  work,  to 
adapt  them  to  receive  the  new  iron  carriages  of  the  10-inch  guns ;  and  to 
making  necea^ary  repairs  upon  the  whari',  engineer  buildings,  &c.,  and 
a  survey  of  the  public  lands. 

The  o[>erations  proiKised  for  the  fiscal  year  ending  June  30,  1869,  are 
the  folloDilng :  Completing  the  work  now  on  hand,  constructing  magazine 
in  place  of  arms,  extending  sea-wall  and  I'epairing  wharf. 
Appropriation  asked  for  the  next  fiscal  year,  $50,000. 
Fort  at  WiUefs  Point,  eastern  entrance  to  New  York  harbor,  in  charge 
of  Lieutenant  Colonel  James  C.  Duane,  brevet  brigadier  general  Untted 
States  army.— At  this  work  during  the  year  the  arch  over  the  service 
magazine  in  the  second  tier  of  the  channel  bastion,  the  dram  gaUery  in 
the  rear  of  the  northeast  retaining  wall,  the  guard-house,  and  the  quar- 
Xm  for  engineer  in  charge,  were  finished.    The  archer  over  tlie  salient 
casemate  and  two  flank  casemates  in  the  channel  bastion,  ana  tne  clois- 
ter arch  connecting  the  flank  casemates  with  the  service  magazine,  were 
(•onstmcted,  and  excavation  for  a  storage  magazine  ^^?^™^^^^^:^^    ^ 

It  is  contemplated  for  the  present  year,  to  continue  the  exca\anon  tor 
tbe  storage  magazine  as  far  as  the  funds  will  a^^^^^  iiAft 
Appropriation  asked  for  the  next  fiscal  year,  $50,iHHJ. 
Fort  Columbus,  Oovemot^s  island,  Neic  York  harbor,  m  cfiarge  of  jtf ^^^ 
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N.  Bowen^  brevet  colonel  United  States  army. — The  operations  of  the  year 
at  this  work  consisted  in  pointing  the  scarp ;  relaying  with  new  flag- 
ging the  area  under  the  portico  of  barracks ;  taking  up  and  repairing 
the  drains  near  magazine ;  cutting  man-holes 'in  flagging  of  sidewalk ; 
repairing  roads,  slopes,  glacis  and  grass  plots  in  pars^e,  and  other  slight 
repairs. 

For  the  coming  fiscal  year  it  is  proposed  to  renovate  the  system  of 
drains  and  cunettes  for  the  island ;  repair  coping ;  make  a  new  floor  of 
mastic  and  brick  concrete  for  cellar  vault ;  reline  and  refloor  magazines ; 
make  new  draw-bridge  and  jwrtcullis ;  continue  unfi^nished  repairs^  and 
make  any  others  that  may  become  nec*/essary  for  the  preservation  of  the 
work. 

Appropriation  asked  for  the  next  fiscal  year,  $15,000. 

Castle  Williams^  Governor's  island,  New  York  harbor,  in  charge  of  Major 
N.  Bowen,  brevet  colonel  United  States  army. — The  galleries,  doors,  and 
embrasure  shutters  of  the  casemates  have  been  repaired.  Ten  casemates 
have  been  repaved  with  bricks,  and  the  iron  traverse  rails  repaired. 

The  seams  of  the  mastic  covering  of  terreplien  have  been  calked  with 
oakum  and  pitch. 

A  new  iron  gutter  has  been2)ut  up  around  the  parade  wall  on  theterre- 
plein  of  barbette. 

During  the  present  fiscal  year  it  is  proposed  to  repair  and  partly 
refloor  the  galleries  and  the  upper  tiers  of  casemates,  and  renew  the  heavy 
girders  there ;  reline  and  refloor  the  magazines ;  and  make  any  other 
repairs  that  may  be<K)me  necessary. 

Appropriation  asked  for  the  next  fiscal  year,  $10,000. 

South  battery,  Oovernor's  island,  New  York  harbor,  in  charge  of  Major 
N.  Bowen,  brevet  colonel  United  States  army, — In  the  parade  the  flagging 
has  been  taken  up  and  relaid ;  the  walks  in  Iront  of  magazine  taken 
up  and  new  flagging  laid ;  the  stone  and  mason  work  of  well  repaired. 
The  pavement  in  the  sallyport  has  been  taken  up,  di*essed,  and  relaid, 
and  the  drains  have  been  opened  and  repaired. 

During  the  present  fiscal  year  it  is  proposed  to  point  masonry,  repair 
the  coping,  and  reline  and  refloor  magazines. 

Appropriation  a^ked  for  the  next  fiscal  year,  $5,000. 

Fort  Wood,  Bedloe^s  island,  New  York  harbor,  in  charge  of  Major  N. 
Bowen,  brevet  colonel  United  States  army. — During  the  year  the  exterior 
walls  and  coping  of  the  magazines,  the  coping  of  the  parade  wall,  the 
mason  work  of  the  steps  and  posterns,  and  the  brick  work  of  barracks, 
have  been  pointed.  The  draw-bridge  and  it«  railing  have  been  repaired. 
The  sea-wall  has  been  repaired,  and  the  slopes  have  been  repaired  and 
resodded. 

For  the  present  fiscal  year  it  is  proposed  to  point  masonry,  repave 
posterns,  repair  coping,  reline  and  refloor  magazines,  repair  slopes,  and 
reinforce  gun  platforms. 

Appropriation  asked  for  the  next  fiscal  year,  $60,000. 

New  battery,  near  Fort  Hamilton,  New  York  harbor,  in  charge  of  Lieu- 
tenant Colonel  John  Newton,  brevet  major  general  United  States  army. — At 
this  work  during  the  year  one  traverse  magazine  ha«  been  lengthened  to 
25  feet,  and  five,  each  25  feet  long,  have  been  nearly  completed.  The 
north  and  south  magazines  are  now  completed,  except  the  entrances  and 
a  short  drain  for  the  latter. 

No  appropriation  asked  for  the  next  fiscal  year. 

Fort  Hamilton,  New  York  harbor,  in  cliarge  of  Lieutenant  Colonel  John 
Newton,  brevet  major  general  United  States  army. — During  the  year  over 
2,000  feet  of  drain  work  have  been  completed.    A  portion  of  the  counter- 
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scarp  wbH  was  taken  down  and  partially  rebuilt,  and  other  labor  expended 

in  painting  walls,  constructing  and  hanging  doors,  moving  and  repairing 

Qvpenter  shop,  and  storehouse,  &c 

iVo  appropriation  askedl^for  the  next  fiscal  year. 

Fort  Lafai^mttey  New  York  harbor^  in  charge  of  Lieutenant  Colonel  John 
Kewton^  brevet  major  general  United  States  army^-^A  small  sum  derived 
from  contingencies  of  fortifications  was  devoted  to  boring  upon  the  pro- 
posed site  of  the  new  work. 

The  terreplein,  where  not  covered  with  a  shed,  leaks  badly,  and  should 
at  (Mice  be  repaired  in  a  temporary  manner  to  prevent  decay  of  the 
wooden  gnu  platforms  and  casemates. 

No  appropriation  asked  for  the  next  fiscal  year. 

Fort  on  Hie  of  Fort  TompJcinSj  New  York  harbor^  in  charge  of  Major  Q. 
A,  GUlmarey  brevet  major  general  United  States  army. — ^During  the  past 
year  operations  have  been  confined  to  those  necessary  to  complete  the 
constractipn  of  the  south  soldiers'  latrine,  and  the  drain  appertaining  to 
it  on  the  slope  in  front  of  the  south  side  of  the  wing,  and  also  the  malung 
of  roads,  care  and  preservation  of  slopes,  repairs  thereto,  &c. 

The  work  for  the  ensuing  fiscal  year  will  be  the  excavation  of  the 
parade  of  the  fort,  and  the  preservation  of  the  slopes,  drains,  roads,  &c. 

Appropriation  asked  for  the  next  fiscal  year,  $80,000. 

Battery  Hudson^  New  York  harbor^  in  charge  of  Major  Q.  A,  Qillmorey 
bret^et  mujor  general  United  States  army. — No  work  has  been  applied  to 
this  battery  during  the  last  fiscal  year  beyond  such  as  was  incidental  to 
keeping  it  in  order,  such  as  cleaning  out  drains  and  traps,  cutting  the 
grass,  &c 

The  operations  for  the  current  fiscal  year  will  be  confined  to  repairs 
upon  the  storage  magazine,  which  leaks,  and  in  the  preservation  of  the 
work. 

No  appropriation  asked  for  the  next  fiscal  year. 

New  casemated  battery  on  Staten  island^  New  York  harbor j  in  charge  of 
Major  Q,  A.  Qillmore^brevet  major  general  United  States  army. — The  stone 
catting  for  the  foundation  courses  was  continued  during  July  and  August, 
1807,  and  was  then  suspended  for  more  pressing  work. 

Preliminary  oi>erations  for  the  construction  of  a  stone  wharf,  in  place 
of  the  wooden  one  at  present  existing,  were  commenced  in  May,  1868,  and 
ooDtinued  to  the  end  of  the  fiscal  year.  These  consisted  in  preparing 
the  road  leading  to  the  dock,  and  cutting  stone  for  the  wharf  fiom 
granite  stock  on  hand. 

Operations  for  the  ensuing  fiscal  year  will  be  directed  to  the  con- 
struction of  the  stone  wharf  above  mentioned. 

No  appropriation  is  asked  for  the  next  fiscal  year. 

North  cliff  battery ^  Staten  island^  New  York  harbor ^  in  charge  of  Major 
Q,  A.  Gillmorej  brevet  major  general  United  States  army. — The  ojjerations 
of  the  past  year  are  comprised  in  the  construction  and  completion  of  the 
principal  magazine,  the  filling  above  it,  and  the  filling  of  the  parade 
in  tlie  south  end.  The  magazine  is  complete,  with  the  exception  of 
knging  the  doors.  The  parados  has  been  filled  up  nearly  to  the  level  of 
the  foundation  of  the  bomb-proof  and  magazine,  in  reference  (22'.) 

The  operations  for  the  ensuing  year  will  be  directed  merely  to  finishing 
the  filling  above  the  magazine,  sodding  and  completing  the  slopes  in  rear 
of  the  batter>>  and,  if  the  means  on  hand  will  justify  it,  in  laying  the 
foundation  and  a  portion  of  the  rubble  wall  of  the  bomb-proof  and  maga- 
zmes  in  the  parados. 

No  appropriation  asked  for  the  next  fiscal  year. 

ik^vth  cliff  battery y  Staten  island^  New  York  harbor,  in  charge  of  Major 
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Q.  A.  (Hllmore.  brevet  major  general  United  States  army. — The  operations 
on  this  work  have  been  confined  to  excavating  for  and  macadamizing 
the  roads  from  the  south  end  of  the  battery  to  tiie  rear  of  Battery  Hud- 
son, and  from  the  north  end  to  Fort  Wads  worth;  paving  the  gutters  of 
these  roads,  and  resodding  portions  of  the  slope  resting  thereon. 

The  operations  of  the  current  fiscal  year  will  be  merely  to  preserve 
and  keep  in  order  the  battery. 

Ko  appropriation  asked  for  the  next  fiscal  year. 

Fort  at  Sandy  Hookj  New  Jersey ^  in  charge  of  Lieutenant  Colonel  John 
Newton^  brevet  major  general  United  States  army. — ^The  condition  of  the 
channel  fronts  remains  as  at  the  date  of  the  last  annual  report. 

The  southeast,  south,  and  southwest  land  fr*onts  have  been  advanced 
during  the  present  year.  The  scarp  of  the  southeast  front  is  generally 
at  the  reference  of  the  sills  of  the  loop-holes ;  of  the  southwest,  at  the 
reference  of  two  courses  below  the  sills ;  and  the  short  (south)  front  has 
about  half  the  foundations  and  a  small  portion  of  the  scarp  built  to  the 
reference,  (7'.) 

The  work  on  the  land  fronts,  which  is  entirely  independent  of  modifi- 
cations of  the  channel  frx)nts,  should  not  be  delayed,  and  the  largest 
sum  that  could  be  conveniently  exi)ended  in  a  year  might  with  propriety 
be  appropriated. 

Shore  improvem^ents  for  protection  of  site  of  fort. — Repairs  were  made 
to  jettees  1,  2,  and  4.  A  new  jettee  (No.  6)  was  commenced  in  Septem- 
ber, between  jettees  1  and  2,  with  the  object  of  protecting  the  root  of 
the  latter  from  the  action  of  the  seas,  tending  to  separate  the  jettee  from 
the  land.  To  fulfil  this  purpose.  No.  6  requires  considerable  more  devel- 
opment. 

The  jettees,  being  composed  generally  of  small  masses,  are  liable  to 
have  portions  removed  by  the  w^aves  during  storms,  and  to  remedy  this 
it  would  be  necessary  to  protect  their  heads  by  large  blocks  of  concrete 
of  fix)m  five  to  fifteen  tons  weight. 

These  constructions  being  short,  are,  for  that  reason,  and  especially 
during  stormy  i)eriod8,  exposed  to  be  cut  around  by  the  water,  and 
hence  require,  from  time  to  time,  to  be  extended  into  the  land.  A  con- 
tinual watch  will  be  necessary,  at  least  for  some  time,  against  this 
danger. 

The  object  has  been  during  the  past  season  to  do  only  what  was  abso- 
lutely necessary  for  preservation  of  existing  works  of  protection,  and 
jettee  No.  6  was  commenced,  and  should  be  extended  for  this  purpose. 

Appropriation  asked  for  the  next  fiscal  year,  $150,000. 

Fort  Mifflin^  Delaware  river ^  Pennsylvania^  in  charge  of  Lieutenant  Col- 
onel C.  S.  Stewart — Extensive  repairs  have  been  made  in  the  embank- 
ments of  main  magazine.  Its  ventilators  have  been  in  part  rebuilt,  and 
copper  caps  placed  thereon. 

Over  four  thousand  cubic  yards  of  deposit  have  been  removed  fit)m 
the  ditches.  The  wharf,  river  wall,  sluice,  and  parapets  have  been 
repaired,  and  much  miscellaneous  work  done. 

Contemplated  operations. — Removal  of  old  traverse  stones  and  comple- 
tion of  gun-platforms ;  probable  construction  of  bomb-proof  traverse, 
&c. ;  pointing  of  scarp  and  breast-height  walls ;  grading  of  terrepleins 
and  banquettes  after  the  gun-platforms  are  modified,  and  renewal  of 
roadway  of  bridges. 

Appropriation  asked  for  the  next  fiscal  year,  $35,000. 

Fort  Delaicare,  Delaware  river^  Delaware^  in  cJuirge  of  Lieuteno/nt  Colo- 
nel C.  S.  Stewart. — The  southern  dock  wall  has  been  extended  for  69  feet, 
and  the  northern  220  feet  j  the  two  sluice-ways  to  island  ditches  have 
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been  iSnished ;  the  coping  of  all  the  fronts,  and  portions  of  scarp  wall 

hsLVf^  been  pointed ;  flagging  has  been  relaicl  along  the  parade  wall  of 

ihnts  1  and  2 ;  the  island  ditch  has  been  extended  243  feet  to  the  sluice- 
waj;  the  island  embankment,  for  the  length  of  3.700  feet,  has  been 
impaired  and  raised  to  the  proper  level,  and  the  engineer  quart-ers  have 
been  repaired  and  painted. 

Appropriation  asked  for  the  next  fiscal  year,  $70,000. 

Xew  fart^  opposite  Fort  Delaware. — Commencement  of  operations  is 
deferred  until  the  project  for  the  work  is  revised. 

No  appropriation  asked  for  the  next  fiscal  year. 

Ifewfartj  near  Delaware  breaktcater. — ^This  work  will  be  begun  as  soon 
as  the  best  methods  of  applying  iron  to  such  constructions  are  deter- 
mined on. 

No  appropriation  asked  for  the  next  fiscal  year. 

Fort  McHenryj  Baltimore  harbor j  Maryland^  in  charge  of  Major  William 
P.  Craighillj  brevet  lieutenant  colonel  United  States  army^  Major  J,  G. 
ParJeej  brevet  major  general  TJnitM  States  army^  and  Colonel  J,  H.  Simpson^ 
bret€t  brigadier  general  United  States  army.— During  the  year  the  new 
work  of  parai)ets  of  water  battery  and  magazine  covering  have  been  con- 
solidated ;  glacis  of  water  battery  re-formed ;  .new  drains  cut  for  maga- 
nneSj  &e, ;  interior  slope  of  main  work  re-formed  of  sod,  and  brick  pave- 
ment laid  connecting  the  fort  and  the  officers'  quarters  with  outer  gate- 
way. 

llie  whole  improvement  of  water  battery,  as  contemplated,  is  now 
completed,  except  covering  terreplein  of  water  battery  and  ditch  of  main 
work  with  powdered  slag  and  cinders. 

No  appropriation  ask^  for  the  next  fiscal  year. 

Fort  Carroll^  Baltimore  harbor^  Maryland^  in  charge  of  Major  William 
P.  Craighillj  brevet  lieutenant  colonel  United  States  army^  Major  J.  G. 
Parke^  brevet  major  general  United  States  army^  and  Colonel  J,  H.  Simp- 
•cm,  brevet  brigadier  general  United  States  army, — The  work  is  now  com- 
pleted on  fronts  1,  2,  3,  4,  and  5,  up  to  springing  line  of  casemate  arches 
of  second  tier. 

No  appropriation  asked  for  the  next  fiscal  year^ 

Obstructions  of  the  Potomac.— Sufficient  materiel  has  been  provided  to 
enable  experiments  to  be  made  to  test  the  suitableness  of  the  designs 
adopted  for  such  obstructions.  It  is  proposed  to  subject  the  obstructions 
to  the  requisite  trials  as  to  the  facility  of  handling,  placing,  and  main- 
taining them  in  channel  ways,  and  of  their  sufficiency  to  impede  and 
resi^  the  passage  of  hostile  ships.  Some  naval  co-operation  is  desirable 
in  the  execution  of  the  trials,  which  will  be  entered  upon  as  soon  as 
practicable. 

No  appropriation  asked  for  the  next  fiscal  year. 

Fort  ManroCj  Old  Point  Comfort j  Virginia^  in  charge  of  Colonel  Henry 
Brewertony  brevet  brigadier  general  United  States  army. — During  the  past 
year  some  repairs  have  been  made  to  the  floors  and  embrasuies  of  case- 
mates; the  terreplein  and  slopes  and  ramps  of  the  work  have  been  thor- 
(Joghly  repaired ;  the  roadway  inside  of  the  fort  has  been  graded  and 
ttivered  with  six  inches  of  clay  and  sand ;  761  running  feet  of  drains 
have  been  dug  on  each  side  of  the  road ;  the  decayed  wooden  platforms 
on  the  land  fo)nts  have  been  removed,  and  the  ditch  hag  been  thoroughly 
cleaned  on  all  the  fronts  of  the  work. 

In  the  water  battery  and  covered  way  the  arches  of  eight  casemates 
have  been  partially  uncovered,  a  portion  of  the  brick  work  removed,  and 
the  roof  repaired.  The  sand  in  front  of  the  battery  has  been  removed, 
and  the  ground  graded,  and  some  slight  repairs  made. 
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In  the  redoubt  490  feet  of  the  wooden  breast  height  have  been  repaired 
or  rebuilt.  The  decayed  wooden  gun  platforms  have  been  taked  up. 
The  slopes  have  been  repaired  and  sodded.  A  stone  wall  80  feet  in 
length  ha«  been  built  to  support  the  foot  of  the  glacis  opposite  the  cur- 
tain of  front  1.  A  wagon  road  leading  to  the  beach  has  been  constructed. 
A  breakwater  has  been  built  on  the  beach  opposite  front  2,  and  the  rail- 
road and  wharf  have  been  repaired. 

It  is  proposed  this  year  to  widen  the  terreplein  and  increase  the  thick- 
ness of  the  parapets  of  the  channel  fronts  of  the  main  work,  lay  down 
new  platforms  for  heavy  guns,  construct  traverses  and  service  maga- 
zines, and  remodel  and  finish  the  redoubt. 

Appropriation  asked  for  the  next  fiscal  year,  $100,000. 

Artenan  well^  Fort  Monro€y  Virginia^  in  charge  of  Colonel  Henry  Brew- 
ertonj  brevet  brigadier  general  United  States  army. — Ox)eratious,  prepara- 
tory to  sinking  the  8-inch  tube  within  the  12-inch  pipe  of  the  well  of  1864 
and  1865,  were  commenced  in  August,  1867.  It  was  considered  best  to 
withdraw  the  5-inch  and  8-inch  pipes  fix)m  the  well  of  1845,  with  a  view 
of  using  the  latter  sized  pipes  in  the  well  now  in  progress. 

One  hundred  and  eighty -six  feet  of  the  5-inch  pipe  and  120  feet  of  the 
8-inch  pipe  have  been  withdrawn.  A  house  was  constructed  over  the 
site  of  the  new  well,  and  a  steam  engine  and  necessary  machinery  for 
boring  were  put  up. 

The  work  has  steadily  progressed  under  difficulties  which  have  been 
surmounted,  and  now  reaches  to  a  depth  of  370  feet,  being  30.  feet  greater 
than  has  been  before  reached  at  this  locality. 

It  is  proposed  this  year  to  apply  the  balance  of  available  means  in 
sinking  the  8iuch  pipe  within  the  12-inch  pix>e  until  pure  water  is 
reached. 

No  appropriation  is  asked  for  the  next  fiscal  year. 

Fort  Woolj  Hampton  EoadSy  Virginia^  in  charge  of  Colonel  Henry  Brew- 
ertonj  brevet  brigadier  general  United  States  arwy.— Operations  have  been 
confined  to  the  construction  of  magazines  of  the  first  tier.  The  loadings 
on  the  sites  of  the  magazines  at  the  capital,  and  at  the  east  and  west 
ends,  have  all  been  removed,  and  the  material  placed  as  loadings  on  the 
sites  of  the  proposed  traverse  magazine  and  main  magazines  at  the  gorge 
of  the  work.  The  foundations  of  the  magazines  at  the  capital  and  at  the 
west  end  have  been  finished,  and  excavations  made  preparatory  to  com- 
mencing the  foundation  of  the  magazine  at  east  end.  The  first,  second, 
and  third  courses  of  the  superstructure  of  the  magazine  at  the  capital, 
including  filling  rooms,  stairways,  &c.,  have  been  completed,  and  a  por- 
tion of  the  fourth  coui'se  has  been  built. 

It  is  proposed  to  expend  the  amount  available  in  the  completion  of  the 
magazine  and  adjuncts  of  the  first  tier  at  the  capital,  and  in  the  con- 
struction of  the  magazines,  &c.^  of  the  same  tier  at  the  east  and  west 
ends,  and  on  such  other  portions  of  the  work  as  may  hereafter  be 
decided  upon. 

1^0  appropriation  asked  for  the  next  fiscal  year. 

Fort  Clinch  J  Amelia  island^  Florida  j  in  charge  of  Captain  J.  W.  BarU>t9j 
brevet  lieutomnt  colonel  United  States  army. — Active  operations  were 
continued  upon  this  work  until  October,  1867,  during  which  period  the 
main  sewer  was  completed,  the  drawbridge  gateway  nearly  finished, 
storehouse  and  barrack  covered,  interior  finish  of  storehouse  continued, 
and  the  masonry  of  those  gun  platforms  which  had  been  commenced 
entirely  perfected.  Work  was  then  suspended,  and  the  fort  left  in 
charge  of  a  keeper,  who,  with  the  assistance  of  some  additional  hired 
help,  has  kept  the  various  parts  of  the  work  in  good  order  throughout 
the  remainder  of  the  season. 
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Appropriation  asked  for  the  next  fiscal  year,  $50,000. 

Fort  Taylor^  Key  West^  Florida,  in  charge  of  Major  Walter  McFarland 

and  Colonel  J.  H,  Simpson^  brevet  brigadier  general  United  States  army. — 

The  operations  of  the  year  consisted  in  the  filling  in  of  the  southern  end 

of  the  coverface,  up  to  the  required  reference,  with  sand;  the  completion 

of  one-half  of  the  permanent  sea-wall  of  the  northern  front ;  the  filling 

in  of  a  portion  of  this  end  with  sand;  the  excavation  of  one-half  of  the 

ditch  by  the  dredging  machme,  and  the  continuation  of  the  embankment 

of  glacis  of  tower  1. 

Tiie  appropriations  having  been  exhausted,  no  operations  can  be 
carried  on  during  the  present  fiscal  year. 

Appropriation  asked  for  the  next  fiscal  year,  $150,000. 

Fort  Jefferson^  Garden  Key,  Tortugas,  Florida,  in  charge  of  Major  Walter 
McFarland  and  Colonel  J,  H.  Simpson,  brevet  brigadier  general  United 
States  army. — Officers'  quarters,  fi-ont  piazza  completed,  except  roofing 
with  galvanized  iron ;  one  section  of  nine  rooms  finished  completely ;  six 
other  rooms  completed,  except  partitions  of  the  folding  doors;  and  about 
one-half  of  the  remaining  rooms  furred,  lathed,  &c. 

Soldiers  barracks. — One  section  furred  and  lathed,  and  its  window 
frames  put  up. 

Ditch  on  face  three  excavated. 

The  operations  contemplated  for  the  present  fiscal  year  are  the  exca- 
vation of  the  ditch  on  face  four,  and  the  covering  of  roof  of  soldiers' 
barracks,  and  of  piazza  of  officers'  quarters,  with  galvanized  iron. 

Appropriation  asked  for  the  next  fiscal  year,  $100,000. 

New  fort  at  Tortugasj  Florida. — ^This  work  vdll  be  commenced  as  soon 
as  the  best  combination  of  materials  for  its  uncovered  scarps  is  deter- 
mined on. 

Xo  appropriation  asked  for  the  next  fiscal  year. 

Fort  Pickens,  Pensaeola  harbor,  Florida,  in  charge  of  Major  M.  I). 
McAlester,  brevet  brigadier  general  United  States  army,  and  Major  Frederick 
E.  Prime,  brevet  colonel  United  States  army. — The  operations  of  the  past 
year  have  consisted  in  rebuilding  the  wharf;  opening  and  cleaning  the 
drain  of  ditch ;  building  plank  road  jfrom  wharf  to  entrance  of  fort ; 
repairing  pavement  of  tin^eplein ;  removing  sand  and  traverses  in  south 
iMbstion,  and  uncovering  casemate  arches  of  southwest  bastion  for  foun- 
dation of  15-inch  gun  x}latform. 

The  operations  contemplated  for  the  present  fiscal  year  are  the  con- 
struction of  15-inch  gun  platforms  in  southwest  and  northwest  bastions; 
bailding  wooden  platforms  for  projectiles,  and  such  general  repairs  as 
may  be  nece8sar^\ 

No  appropriation  asked  for  the  next  fiscal  year. 

Fort  Barrancas  and  redotibt.  Pensaeola  harbor,  Florida,  in  charge  of 
Major  M.  D.  McAlester,  brevet  brigadier  general  United  States  army,  and 
M<^r  Frederick  E.  Prime,  brevet  colonel  United  States  army. — During  the 
pai^  year  the  breast-height  walls  of  the  main  work  and  of  the  redoubt 
have  been  rex>aired,  and  the  parapets  regraded  and  sodded ;  the  neces- 
sary repairs  of   foundation  of  southwest  angle  of  counterscarp  wall 
made ;  the  southern  extremity  of  glacis  and  ditch  graded  and  sodded, 
and  west  branch  of  ditch  regraded ;  gates  of  main  entrance  made  and 
hong,,  and  a  fence  around  the  works  commenced  and  about  half  com- 
pleted. 

It  is  proposed  during  the  present  year  to  rebuild  the  permanent  part 
of  the  bridge ;  repair  the  drawbridge  machinery ;  complete  the  fences ; 
repair  the  woodwork  of  magazines,  and  make  some  other  slight  neces- 
sary repairs. 
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No  appropriation  asked  for  the  next  fiscal  year. 

Fort  Morgan,  eastern  entrance  to  Mobile  hay^  Al^ibama,  in  charge  of 
Major  M.  D,  McAlester^  brevet  brigadier  general  United  States  army^  and 
Major  Frederick  E.  Prime^  brevet  colonel  United  States  amiy, — Tlie  opera- 
tions of  the  year  at  this  work  consisted  in  repairs  to  engineer  buildings ; 
putting  in  wooden  fronts  of  casemates  for  engineer  and  ordnance  store- 
rooms ;  repairing  breakwater  and  securing  its  foot  by  a  rip-rap  protec- 
tion; repairing  mouth  of  main  drain;  grading  and  sodding  slopes; 
removing  walls  of  old  citadel,  and  commencing  the  foundation  for  con- 
crete sea- wall  in  continuation  of  present  breakwater. 

During  the  present  year  it  is  proposed  to  repair  the  wharf;  continue 
the  demolition  of  the  citadel ;  continue  the  grading  and  sodding  of 
slopes;  complete  the  foundation  of  sea-wall,  and  make  such  general 
repairs  to  the  work  as  may  be  necessary. 

No  appropriation  asked  for  the  next  fiscal  year. 

Fort  Gaines^  Dauphin  island^  Mobile  bay,  Alabama,  in  charge  of  Major 
M.  D,  McAlesteTj  brevet  brigadier  general  United  States  army,  and  Major 
Frederick  E,  Prime,  brevet  colonel  United  States  army, — At  tjjis  work  during 
the  year  the  repairs  of  wharf,  of  temporary  buildings  occupied  by  the 
engineer  force,  and  of-  the  two  buildings  at  the  main  entrance  have 
been  completed.  Eepairs  of  plastering,  woodwork,  and  roof  surfaces  of 
officers'  quarters  have  been  commenced.  The  earth-cover  of  scarp  of 
southwest  bastion  has  been  removed  and  the  material  embanked  in 
glacis. 

For  protection  of  the  site  two  wing-dams  were  built  and  partly 
strengthened,  and  connected  mth  concrete  and  fragments  of  masoniy 
from  the  citadel  of  Fort  Morgan. 

Operations  for  the  present  year  will  consist  in  completing  shore  pro- 
tection and  repair  of  buildings  in  the  fort;  reopening  drainage  of  ditch 
and  grading  same,;  keeping  the  shore  protection  in  repair,  and  extend- 
ing it  if  required. 

Appropriation  asked  for  the  next  fiscal  year,  $50,000. 

Fort  on  Ship  island,  coast  of  Mississippi,  in  cluirge  of  Major  M.  D, 
McAlester,  brevet  brigadier  general  United  States  army,  and  Major  Fred- 
erick E.  Prime,  brevet  colonel  United  States  army. — ^Nothing  has  been  done 
to  this  work  during  the  past  year  except  cutting  grass  and  keeping  par- 
apet slopes  in  good  order. 

During  the  present  year  it  is  proposed  to  complete  the  rooms  on  each 
side  of  the  gateway,  lay  flagging  in  front  of  the  same,  and  restore  the 
drainage  of  the  parade. 

No  appropriation  asked  for  the  next  fiscal  year. 

Fort  Pike,  Rigolets  Pass,  Louisiana,  in  charge  of  Major  M,  J).  McAlester, 
brevet  brigadier  general  United  States  army. — No  work  done  here  during 
the  year. 

It  is  contemplated  to  repair  the  pile  revetment  prote<;ting  the  site, 
repair  the  bridges,  and  make  such  other  repairs  as  may  become  neces- 
sary during  the  current  fiscal  year. 

No  appropriation  asked  for  the  next  fiscal  year. 

Fort  Macomb,  Chef  Menteur  Pass,  Louisiana,  in  charge  of  Major  M.  D. 
McAlester,  brevet  brigadier  general  United  States  army, — This  work  is  in 
serviceable  condition,  including  its  magazines  and  platforms,  excepting 
three  wooden  platforms  and  the  two  bridges  crossing  the  inner  and 
outer  ditches. 

No  work  has  been  done  the  past  year. 

It  is  contemplated  to  repair  the  bridges,  and  effect  such  other  repairs 
as  may  become  necessary  during  the  present  fiscal  year. 

No  appropriation  asked  for  the  next  fiscal  year. 


V)  appropriation  asked  for  the  next  flscal  year. 

\irt  Jaekion,  Mississippi  river,  Louisiana,  in  charge  of  M.  1).  McAlesfer, 
(/  brigadier  general  tlniM  States  army. — TUis  work  is  in  a  conditiou 
the  service  of  its  annanient. 

hiiiDf;  the  past  year  tlie  levees  around  the  work  were  put  in  thorough 
iir,  and  some  slight  repairs  to  the  work  itself  were  made, 
he  erection  of  a  storage  maga^iue  and  the  execution  of  the  current 
urs  are  the  operations  contemplated  for  the  present  year, 
.ppropriation  asked  for  the  next  fiscal  year,  175,000. 
Wt  til.  Philip,  Mississippi  river,  Louisiana,  in  charge  of  Major  M.  D, 
Vester,  brevet  brigadier  general  United  States  army. — This  work  is  iu 
i  condition. 

il  the  levees  for  protection  from  overflow  have  been  repaired.    The 
on  revetment  of  levee  on  the  river  front  has  been  replaced,  and  the 
re  embankment  raised  to  the  level  of  the  wharf.    A  new  levee  has 
Q  run  from  the  lower  end  of  the  front  levee  to  the  bayou, 
liring  the  present  year  it  is  contemplated  to  build  a  storage  maga- 
',  with  service  magazines  in  connection  therewith;  to  modify  and 
lir  the  service  magazine  in  the  upper  battery,  and  to  make  such 
or  repairs  as  may  be  necessary, 
ppropriation  asked  tor  the  next  fiscal  year,  $75,000. 
art  Liringston,  Barataria  bay,  Louisiana,  in  charge  of  Major  M.  I). 
\lrster,  brevet  brigadier  general   United  States  army. — No  ojierations 
s  takeu  place  at  this  work  during  the  year. 

is  contemplated  to  prepare  platforms  for  several  guns  of  large  cali- 
to  modify  the  counterscap  casemates ;  to  repair  the  breakwater,  and 
lake  some  slight  general  repairs  to  the  work, 
ppropriation  asked  for  the  next  fiscal  year,  $24,500. 
yrt  at  Fort  Point,  entrance  to  San  Francisco  harbor,  California,  in 
ge  of  Major  Qeorge  H.  Elliot. — The  railroad  from  the  wharf  to  the 
sea  wall  has  been  completed.  The  coping  of  the  old  wall  has  been 
nded  126  feet.  The  heavy  coffer-dam  for  the  protection  of  the  site 
If  new  sea  wall  dimng  its  construction  was  finished  early  bi  the 

he  excavation  for  the  sea  wail  has  been  completed,  and  228  feet  of 
latter  has  been  carried  to  reference  (10',)  174  feet  to  reference  ((i'6".l 
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100  feet  towards  the  latter,  aud  the  roadway  has  been  raised  and 
repaired. 

Large  stones  have  been  placed  in  front  of  a  part  of  the  old  sea  wall  to 
protect  the  concrete  foundation,  which  is  exposed  to  the  se^. 

Necessary  repairs  have  been  made  in  the  main  work. 

Probable  operatiam  for  the  fiscal  year  ending  June  30,  1869. — The  sea 
wall  in  front  of  the  15-inch  gun  barbette  battery  on  the  eastern  shore 
will  be  finished,  and  the  filling  in  its  rear  completed. 

Appropriation  asked  for  the  next  fiscal  year,  $200,000. 

Fort  at  Lime  Pointy  San  Francisco  harbor  ^  Calif ornia^  in  charge  of  Major 
Oeorge  H.  Mendell,  brevet  colonel  United  States  army, — ^During  the  pa«t 
year  the  following  works  have  been  completed : 

Lodging  and  mess-house  with  outbuildings,  stable,  carpenters'  shop, 
office  for  overseer  and  master  workmen,  two  sets  of  quarters  for  mast>er 
workmen,  blacksmiths'  shop  with  four  forges,  water  tank,  storehouse, 
coal  sheds,  brick  powder  magazine,  and  small  tank. 

Water  has  been  brought  about  400  yards  in  pipes,  and  arrangements 
made  to  throw  a  stream  over  the  buildings  most  exposed  to  fire.  One 
mile  of  fencing  has  been  built,  and  IjOOO  yards  of  roadway  mainly  in 
excavation  through  hard  rock.  A  crib  wharf  has  been  constructed  ;  a 
steamboat  built  for  the  service  of  the  work,  and  rock  excavation  of  site 
made  to  the  extent  of  about  60,000  yards. 

A  tunnel  has  been  excavated  for  a  distance  of  about  60  feet  for  a  large 
blast.  The  tunnel,  when  completed,  with  its  branches,  will  be  about  200 
feet  in  length.  .  The  charges,  four  in  number,  in  the  aggregate  will  amount 
to  about  nine  tons  of  powder.  During  the  present  year  the  rock  excava- 
tions will  be  continued  and  probably  completed,  and  operations  on  the 
scaip  of  the  work  commenced. 

Appropriation  asked  for  the  next  fiscal  year,  $200,000. 

Fort  at  Alcatraz  iMand^  San  Francisco  harbor ^  Calif ornia^  in  charge  of 
Major  Oeorge  H.  MendelU  brevet  colonel  United  States  army, — The  opera- 
tions on  this  work  during  the  past  fiscal  year  have  been  limited,  and  have 
been  mainly  directed  to  the  following  objexjts,  viz.: 

The  wharf  was  extended,  on  wooden  i>iles,  for  a  distance  of  50  feet ;  a 
wharf  crane,  capable  of  hoisting  a  weight  of  10  tons,  was  constructed; 
a  number  of  permanent  centre  pintle  platforms  were  adapted  for  8-inch 
and  10-inch  guns  and  iron  carriages  by  replacing  the  pintles  and  trav- 
erse circles;  the  masonry  of  the  rear  rooms  of  the  casemated  barrack  was 
carried  up  to  its  full  height;  the  floor  of  the  first  tier  of  casemates  was 
excavated  in  rock  and  prepared  for  a  pavement  of  a^sphaltum ;  the  plumb- 
ing of  the  water-closets  in  this  barrack  was  completed,  and  additional 
water-pipes  in  the  casemat  es  were  placed ;  the  stone  st-eps  from  the 
second  tier  of  casemates  to  the  baibette  were  cut  and  laid,  and  all  the 
coping  for  the  aiea  wall  was  cut  with  the  exception  of  two  stones. 

Appropriation  asked  for  the  next  fiscal  year,  $100,000. 

Defences  at  the  mouth  of  the  Columbia  river ,  Oregon j  in  charge  of  Major 
OC'Orge  H,  Mendel  I  y  brevet  colonel  United  States  army. — It  is  proposed 
during  the  present  year  to  remove  the  decayed  wooden  revetment  of  the 
scarp  of  Fort  Stevens,  and  carry  the  exterior  slope  of  the  parapet  to  the 
bottom  of  the  ditch. 

No  appropriation  asked  for  the  next  fiscal  year. 

Survey  for  land  defences  at  San  FrandmOy  California  j  in  charge  of  Major 
George  H.  Elliot, — The  survey  for  these  defences  was  commenced  in 
March,  1867,  with  the  aid  of  a  party  of  the  coast  survey,  and  the  field 
work  was  finished  in  October  of  the  same  year.  The  final  report  and 
maps  have  not  yet  been  received. 

No  appropriation  asked  for  the  next  fiscal  year. 
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BATTALION  OF  ENGINEERS  AND  DEPOTS. 

Battalion  of  engineers  commanded  by  Major  Henry  L,  Abbot,  brevet  briga- 
dier general  United  States  arntyj  headquarters  Willefs  Point,  New  York, — 
The  strength  of  the  five  companies  of  engineer  troops  on  the  30th  of  June, 
186S,  was  21  officers  and  667  enlisted  men.  Eighty-five  recruits  were 
needetl  to  complete  the  organization.  The  companies  of  the  battalion 
were  st;itioned  and  commanded  as  follows: 

At  Willet's  Point,  New  York  harbor,  company  A,  Captain  A.  Stickney, 
brevet  major  United  States  army,  company  B,  Captain  A.  H.  Burnham, 
brevet  m^jor  United  States  army,  company  *C,  Captain  A.  H.  Holgate ; 
at  Jefferson  barracks,  Missoui'i,  company  E,  Captain  J.  W.  Cuyler;  at 
Yerba  Buena  island,  Ctdifornia,  company  D,  Captain  8.  M.  Mansfield, 
brevet  lieutenant  colonel  United  States  army.  A  detachment  of  50  men 
from  companies  A,  B,  C,  and  E,  under  the  command  of  Captain  A.  N. 
Damrell,  brevet  major  United  States  army,  served  at  the  United  States 
Military  Academy  for  the  purpose  of  aiding  in  the  instruction  in  practical 
engineering.  During  the  year  also  small  detachments  of  enlisted  men 
frooi  the  battalion  have,  froui  time  to  time,  been  fiirnished  for  duty  with 
various  officers  serving  upon  the  staffs  of  generals  commanding  in  the 
western  military  di\isions  and  departments. 

The  troops  at  their  several  posts  have  been  actively  employed  with  the 
theoretical  and  i>ractical  instructions  and  dinlls  peculiar  to  their  arm  of 
sei-vice^  with  the  storage,  classification  and  repairs  of  engineer  equipage, 
and  with  the  construction  and  repairs  of  the  quarters  and  storehouses  of 
the  several  iK>sts  and  depots. 

Under  the  commander  of  the  battalion  a  system  of  theoretical  and 
pnK-tic^il  instruction  for  the  various  commands  has  been  established,  and 
a  field  observatory  erected  and  supplied  with  instruments,  at  Willet's 
Point,  In  compliance  with  General  Orders  No.  56,  dated  Adjutant 
General^s  Office,  Washington,  August  1,  1866,  schools  have  been  opened 
for  the  enlisted  men,  which  would  have  proved  even  more  successful  had 
a  small  appropriation  been  available  for  the  purchase  of  text-books  for 
the  pupils.  An  appropriation  of  $200  is  recommended  for  this  purpose. 
I  beg  leave  to  renew  the  recommendations  contained  in  my  report  of 
last  year,  that  a  commissary  sergeant  and  two  principal  musicians  should 
be  allowed  to  the  non-commissioned  staff  of  the  battalion ;  that  the  7th 
section  of  the  act  of  July  13,  1866,  taking  from  engineer  soldiers  the  per 
diem  paid  to  other  soldiers  when  engaged  in  continuous  labor,  should  be 
repealed,  and  that  an  appropriation  of  $1,000  should  be  made  to  purchase 
the  stock  out  of  which  siege  and  trench  materials  are  fabricated,  for  the 
instruction  of  the  troops  at  Willet's  Point;  which  recommendations  were 
maiie  the  subject  of  a  special  communication  dated  January  0,  1868. 

Three  points  have  been  selected  for  engineer  posts  and  deymts;  namely: 
Willet's  Point,  New  York  harbor,  Jefferson  barracks,  Missouri;  and 
Yerba  Baena  island,  California. 

Engineer  post  and  depot  of  Willefs  Point,  Neic  YorJc  liarbor ;  the  pout 
fmmanded  by  Ideuie^iant  Colonel  J.  C.  Duane,  brevet  brigadier  general 
Vmited  States  army;  tlie  depot  by  Major  Henry  L.  Abbott,  brevet  brigadier 
ftiieral  United  States  army. — ^Thia  point,  also  selected  as  the  headquarters 
of  the  battalion  of  engineers,  was  constituted  an  engineer  post  and 
depcit  in  18fK>,  and  was  the  point  at  which  the  engineer  equipage  used  (in 
tbe  Atlantic  States)  during  the  latfe  war  was  concentrated  at  its  close. 
Bat  one  building  has  thus  far  been  constructed  for  the  storage  of  the 
engineer  property,  namely,  a  wooden  shed  250  feet  long  by  37  feet  in 
^dth. 
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Dimng  the  past  year  the  storage  and  classification  of  the  engineer 
I>roperty  at  this  depot  has  been  completed,  and  limited  sales  of  property 
have  been  made  to  officers  of  the  corps  for  use  ui)on  public  works  in 
their  charge.  The  new  depot  at  Yerba  Buena,  California,  has  also  been 
supplied  from  it  with  the  needful  trains,  tools,  &c. 

During  the  past  year  a  portion  of  the  quarters  needed  for  the  officers 
of  the  command  have  been  erected,  a  post  bake-house  and  a  stable  com- 
pleted, and  a  post  hospital  well  advanced  towards  completion. 

An  appropriation  of  $15,000  for  the  barracks  at  this  post,  which  are 
much  needed,  is  recommended. 

Engineer  post  and  depot  at  Jefferson  barracks^  Missouri,  until  October, 

1867,  eofnmnnded  by  Captmn  Willinm  Ludlow,  brevet  major  United  States 
army ;  after  tJiat  date  by  Captain  P,  C.  Hains,  brevet  lieutenant  colonel 
United  States  army, — Up  to  the  20th  of  November,  1867,  the  depot  con- 
sisted of  a  small  piece  of  ground,  some  two  and  a  half  acres  and  a  few 
temporary  wooden  buildings  wholly  inadequate  to  the  storage  of  the 
engineer  property,  or  quartering  of  the  troops.  At  this  date  the  jKJst  of 
Jelferson  barracks,  with  most  of  its  buildings,  very  much  out  of  repair, 
and  about  300  acres  of  land,  was  transferred  to  the  crops  of  engineers 
under  the  operations  of  General  Orders  No.  9,  dated  headquarters  mili- 
tary division  of  the  Missouri,  October  21, 1867,  and  the  agreement  to  pay 
to  the  quartermasters'  department  $20,000  for  the  property. 

The  property  was  at  once  taken  possession  of  by  the  command,  and 
a  general  plan  for  converting  the  old  barracks  with  the  proper  quarters 
and  storehouses  for  the  depot  was  prepared.  During  the  year  the  alter- 
ations of  the  east  portion  of  the  north  row  of  soldiers'  barracks  for  equip- 
ment sheds  was  nearly  completed,  and  some  progress  made  with  other 
portions.  The  classification  and  storage  of  the  engineer  equipments  was 
well  advanced,  and  some  1,200  yards  of  fenc^  to  enclose  the  reservation 
completed. 

As  by  the  aet  of  March  2,  1867,  but  one-half  of  the  sum  appropriated 
for  the  quarters  at  Jefterson  barracks  could  be  expended,  a  further  ap- 
propriation to  complete  the  agreement  with  the  quartermasters'  depart- 
ment, of  $10,000,  is  necessary. 

For  the  repairs  of  the  barracks  a  sum  of  $15,000  is  required.  For  the 
constniction  of  four  cisterns  to  hold  drinking  water  for  the  command,  a 
sum  of  $1,000  is  needed.  The  appropriation  of  these  several  amounts 
named  is  recommended. 

Engineer  post  and  depot  of  Yerba  Buena  island,  California,  commanded 
by  Captain  S,  M.  Mansfield,  brevet  lieutenant  col&nel  United  States  army, — 
This  engineer  post  and  depot  was  constituted  by  Special  Orders  No.  34, 
dated  headquarters  of  the  army.  Adjutant  General's  Office,  February  10, 

1868,  and  was  occupied  by  the  present  command  on  the  25th  of  March 
following. 

The  island  being  entirely  devoid  of  buildings,  the  garrison  was  en- 
camped, and  continued  so  at  the  close  of  the  fiscal  year. 

The  command  has  been  actively  employed  in  making  roads,  clearing 
and  preparing  a  part  of  the  island  for  permanent  occupation,  and  in  im- 
proving the  supply  of  water.  A  pontoon  train  and  supply  of  engineer 
tools  were  sent  from  the  depot  at  Willet's  Point,  and  it  is  expected  that 
the  men  and  materials  will  be  well  sheltered  before  the  rainy  season 
commences. 

This  island  forms  an  admirable  poi^tion  for  an  engineer  depot  for  the 
military  division  of  the  Pacific.  An  appropriation  of  $5,000  is  re<5om- 
mended  to  provide  a  proper  supply  of  water  for  the  depot. 

The  above  estimate  of  funds  for  the  repairs  of  barracks  and  for  fur- 
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mshingsuppliesof  water,  ordinarily  enclosed  within  the  estimates  of  the 
quartermasters'  department,  are  made  in  accordance  with  the  decisions 
of  the  Secretary  of  War  under  date  of  June  8, 1868. 

RIVER  AND  HARBOR  IMPROVEMENTS. 

The  operations  in  progress,  under  the  aet«  making  appropriations  for 
the  repair,  preservation^  and  completion  of  certain  public  works  hereto- 
fore commenced  under  the  authority  of  law,  &c.,  approved  June  23^  1866, 
and  March  2, 1867,  have  resulted  mainly  in  securing  better  facilities  for 
the  ingress  and  egress  of  the  naval  and  commercial  vessels  of  the  United 
States,  rendering  navigation  safer  and  more  expeditious,  although  much 
remains  to  be  done  to  perfect  and  complete  the  plans  adopted  for  improve- 
ment. 

Previous  reports  have  invited  attention  to  those  provisions  of  the  acts 
making  appropriation  for  the  improvement  of  rivers  and  harbors,  requir- 
ing the  expenditures  to  be  made  by  separate  contracts  for  each  class  of 
material  and  each  class  of  labor,  with  the  lowest  responsible  bidder,  after 
suitable  public  advertisement,  and  to  the  difficulties  and  vexatious  delays 
incident  to  this  system. 

In  numerous  instances,  during  the  past  season,  contractors  have  failed 
to  comply  with  the  terms  of  their  contracts,  to  the  serious  iiyury  of  the 
works  in  progress  and  subjecting  the  government  to  loss. 

These  cases  hav^e  been  so  frC/quent  that  it  is  to  be  expected  many  others 
will  occur.  Contractors  decline  to  enter  into  their  contracts,  after  having 
duly  executed  them,  resulting  in  a  change  of  contractors  before  the  work 
has  been  begun;  and,  in  fact,  it  has  become  apparent  that  there  is  no 
certainty  that  a  contract  will  be  comi)lied  with  unless  it  should  be  greatly 
to  the  advantage  of  the  contractor.  This  evil  requires  the  adoption 
of  some  uniform  mode  of  procedure  in  relation  thereto,  and  stringent 
measures  to  arrest  its  progress. 

At  first  instructions  were  given  to  the  officers  in  charge  of  the  works 
at  which  such  failures  occurred  to  award  the  contrac*.ts  to  the  next  lowest 
original  bidders,  and  to  notify  the  delinquents  that  they  would  be  held 
accountable  for  the  difference  between  the  amount  of  their  cx)ntract  and 
the  new  one,  as  well  as  for  any  loss  to  the  United  States  arising  from 
delays  caused  by  their  failures ;  such  as  the  machinery  and  workmen  of 
other  contractors  lying  idle,  &c.,  &c. 

Subsequently,  from  fears  of  collusion  among  the  lowest  bidders,  it  was 
deemed  advisable  to  advertise  anew  for  proposals,  at  the  same  time 
holding  the  contractor  liable  for  the  difference  and  for  losses,  should  there 
be  any. 

In  both  instances,  however,  the  unavoidable  delays  in  the  progress  of 
the  work,  caused  by  this  change  of  contractors,  have  been  found  inju- 
rious, and  the  experience  gained  unmistakably  proves  that  it  would  inva- 
riably have  been  more  to  the  interests  of  the  United  States  to  have 
authorized  the  engineer  in  charge  to  complete  the  forfeited  contract  by 
the  purchase  of  the  material  in  open  market,  and  the  employment  of  the 
labor  by  days'  work,  holding  the  delinquent  contractor  and  his  sureties 
liable  for  any  increase  of  expenditure  or  otlier  loss  to  the  United  States 
that  might  arise  in  thus  comi)leting  the  work  contracted  for. 

It  is  therefore  suggested  that  in  view  of  the  difficulties  referred  to  and 
to  avoid  ftiture  complications  that  may  arise,  authority  should  be  pro- 
vided by  legislation  to  pursue  the  course  indicated — that  is,  to  piuchase 
in  oi)en  market,  and  to  employ  labor  by  the  day,  invariably  in  all  ca«es 
of  contractors  failing  to  comi)lete  their  contracts  or  promptly  commencing 
their  engagements. 
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Experience  has,  however,  proved  the  system  of  contracts  prescribed 
in  the  appropriation  acts  to  be  the  worst  i)ossible  mode  of  carrying  on 
the  improvement  of  rivers  and  harbois. 

The  act  making  the  appropriations,  section  2,  approved  March  2, 1867, 
required  a  full  estimate  for  the  entire  and  permanent  completion  of  eaeh 
work,  with  the  amount  that  may  be  profitably  expended  in  the  next 
fiscal  year. 

In  compliance  thercTvith,  the  estimates  for  continuing  the  improve- 
ments duiiug  the  year  ending  June  30, 18G9,  were  submitted,  amounting 
to  $6,857,000. 

Subsequently  these  estimates  were  reduced  to  $3,436,000,  to  which 
sum  was  added  the  amount  required  for  certain  improvements  urgently 
needed  by  commerce,  and  which  belonged  to  the  same  class  of  improve- 
ments as  those  for  which  appropriations  had  been  already  made.  These 
additions  increased  the  estimate  to  $4,012,500.  This  revision  of  the 
origiufil  estimates  was  made  in  compliance  with  the  resolution  of  the 
House  of  Kepresenta  tives  of  March  18, 1868,  and  the  amounts  were  placed 
as  low  as  it  was  deemed  prudent,  ha\ing  in  view  the  protection  of  the 
improvement  from  injury  and  deterioration,  together  with  a  reasonable 
progress  towards  completion,  due  regard  being  had  to  the  wants  of  com- 
merce in  each  case. 

Moreover  these  estimates  did  not  embrace  other  improvements,  the 
information  upon  which  had  been  called  for  under  resolutions  of  Con- 
gress, but  it  was  not  in  readiness  to  be  submitted. 

These  revised  estimates  formed  the  basis  of  the  bill  which  passed  the 
House  of  Representatives  June  30, 1868. 

In  the  act  making  ai)propriations  and  to  supply  deficiencies,  &c.,  for 
the  year  ending  June  30,  1868,  there  is  appropriated  for  the  "repairs, 
preservation,  extension,  and  completion  of  certain  public  works  on  rivers 
and  harbors,  to  be  expended  under  the  direction  of  the  Secretary  of  War,'' 
$1,500,000,  with  a  provision  making  reference  to  the  biU  which  passed 
the  House  of  Representatives  June  30, 1868. 

This  appropriation  was,  with  the  sanction  of  the  Secretary  of  War,  dis- 
tributed to  the  following  named  works,  regard  being  had  in  the  allotment 
to  the  relative  importance  of  the  various  improvements,  their  condition, 
and  the  balances  of  former  appropriations  on  hand  applicable  to  them : 

Green  Bay  harbor '. $17,500  00 

Manitowoc  harbor 17,500  00 

Chicago  harbor 35,000  00 

Michigan  City  harbor 25,000  00 

Aux  Bees  Scies  harbor 10,000  00 

Saginaw  River  harbor 9,000  00 

St.  Clair  flats 86,000  00 

Cleveland  harbor 17,000  00 

Erie  harbor 40,000  00 

Oswego  harbor 20,000  00 

Upper  Mississippi  river 26,000  00 

Des  Monies  rapids 300,000  00 

Rock  Island  rapids 156,000  00 

Mississippi  river 40,000  00 

Missouii  river 25,000  00 

Arkansas  river 20,000  00 

Tennessee  river,  from  its  mouth  to  Florence,  and  from  Chat- 
tanooga to  Decatur,  Alabama 85,000  00 

Ohio  river 85,000  00 
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Falb  of  the  Ohio $85,000  00 

Moath  of  the  Mississippi  river 50,000  00 

Patapseo  river 17,000  00 

Snsqaehauna  river 5,000  00 

HodsoD  river 85,000  00 

Removal  of  obstructions  in  East  river 85,000  00 

Boston  harbor 43,000  00 

Saco  river,  Maine 20,000  00 

Willamette  river 21,000  00 

Removal  of  Blossom  Kock,  San  Francisco  harbor 50,000  00 

A  sammary  of  the  operations  at  each  of  the  localities  where  surveys 
and  improvements  are  in  progress  is  herewith  submitted,  showing  the 
progress  during  the  past  year,  and  containing  recommendations  for 
farther  appropriations  with  the  amounts  that  can  be  profitably  expended 
dming  the  next  fiscal  year  upon  the  works  authorized  by  Congress. 

An  appendix  is  also  submitted  containing  the  reports  of  the  engineers 
in  charge  of  the  improvements,  made  in  accordance  with  the  following 
circular  and  with  the  requirements  of  the  acts  of  appropriation,  to  which 
attention  is  respectfully  invited  for  fidl  details  of  each  survey  or  work  of 
improvement : 

[Circular.] 

Headquarters  Corps  of  Engineers, 

WashingUm,  D.  C,  Jun€  10,  1868. 

L  Yonr  auunal  rejwrt  of  progress  in  all  works  of  river  and  harbor  im- 
provements and  surveys  in  your  charge  must  be  transmitted  so  as  to  reach 
tbe«e  headquarters  as  soon  after  the  30th  instant  as  practicable,  and  should 
be  accompanied  by  a  brief  or  synopsis  of  its  contents,  to  be  embodied 
in  the  report  of  the  Chief  of  Engineers. 

U.  Your  attention  is  also  invited  at  the  same  time  to  sections  2  and  3  of 
the  act  making  appropriations  for  the  repair,  preservation,  and  comple- 
tion of  certain  public  works,  &c.,  approved  June  23, 1866,  and  to  section 
2  of  the  act  (for  the  same  puri>ose)  of  Marct  2,  1867,  with  the  view  of 
reporting  to  Congress  on  the  following  points,  to  be  embraced  in  your 
annual  reports,  namely: 

1.  Result  of  survey  or  resurvey,  with  plan  adopted,  and  items  of  ex- 
penditure under  that  plan. 

2.  The  amount  that  is  required  for  entire  and  permanent  completion 
of  each  work  under  your  charge. 

3.  The  amount  that  can  be  profitably  expended  upon  each  work  during 
the  next  fiscal  year. 

4.  The  collection  district  in  which  each  work  is  located. 

5.  At  or  near  what  port  of  entry,  light-house  or  fort,  each  work  is 
loested. 

6.  What  amount  of  revenue  was  collected  at  the  nearest  port  of  entry 
to  each  work,  for  the  last  fiscal  year. 

T.  As  far  as  practicable,  what  amount  of  commerce  and  navigation 
would  be  benefited  by  the  completion  of  each  particular  work. 
^  Abstract  of  proposals  for  each  work,  with  names  of  bidders. 
S^.  Al>stract  of  contracts  for  each  work,  with  names  of  contractors. 

10.  Abstract  of  contracts  for  each  class  of  materials  or  labor  for  each 
Work. 

11.  A  statement  of  cash  received  and  expended  on  account  of  each 
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work  during  the  fiscal  year;  also  amount  of  appropriation  avaUable  June 
30,  1868,  and  amount  required  for  the  year  ending  June  30, 1870. 

III.  Where  the  nature  of  the  work  is  such  as  not  to  admit  of  perma- 
nent completion,  a  plan  and  estimate  should  be  submitted  as  to  the 
l)erpetual  annual  expenditure  required  to  maintain  the  harbors  and 
rivers  in  the  condition  contemplated  in  the  plan  of  improvement;  or,  if 
the  maintenance  of  the  improved  condition  does  not  require  an  annual 
expenditure,  then  the  probable  periods  at  which  the  preservation  of  the 
works  and  maintenance  of  depth  of  water  will  require  expenditures  of 
money,  and  the  amount  of  such  expenditure. 

By  command  of  Brigadier  General  Humphreys. 

THOS.  LINCOLN  CASEY, 
Major  of  Engineers  and  Bvt.  Col.  U.  S.  A, 

Harbors  on  Lakes  Superior  and  Michigan. 

Officer  in  charge.  Brevet  Colonel  J.  B.  Wheeler,  major  corps  of  engi 
neers,  who  has  assigned  the  officers  under  his  orders  to  the  following 
duties : 

Captain  A.  Mackenzie,  corps  of  engineers,  special  superintendent  for 
the  harbors  of  Black  Lake,  Grand  Haven,  Muskegon,  White  River, 
Pentwater,  Pere  Marquette,  Manistee,  and  Aux  Bees  Scies;  station  Mil- 
waukee. 

Captain  D.  P.  Heap,  corps  of  engineers,  special  superint/cndent  for  the 
harbors  of  Kenosha,  Chicago,  Michigan  City,  New  Buffalo,  St.  Joseph, 
and  South  Haven;  station  Chicago. 

Assistant  Henry  Bacon,  special  superintendent  for  the  harbors  of 
Superior  City,  Ontonagan,  and  Eagle  Harbor;  station  Ontonagon. 

Assistant  W.  H.  Hearding,  special  superintendent  for  the  harbors  of 
Maiquette,  Green  Bay,  Manitowoc,  Sheboygan,  Milwaukee,  and  Racine; 
station  Milwaukee. 

Assistant  W.  T.  Casgrain,  in  charge  of  surveys  and  preparation  of 
maps  and  other  duties  connected  with  surveys  of  harbors ;  station  Mil- 
waukee. 

In  addition  to  the  offlcey  in  special  charge  a  foreman  is  employed  at 
each  harbor  to  keep  a  constant  watch  over  government  property,  and  to 
see  that  the  work  is  in  accordance  with  the  plans  and  specifications 
furnished.    (See  Appendix  A.) 

LAKE   SUPERIOR. 

1.  Superior  City  harbor j  Wisconsin. 

The  plan  adopted  for  this  harbor  is  to  protect  the  beach  on  Minnesota 
Point  by  an  enrockment  of  rubble-stone,  and  to  narrow  gradually  the 
present  outlet  of  the  bay  to  about  the  width  of  the  river,  say  350  feet  by 
crib  work,  thence  to  construct  two  parallel  piers;  the  weather  pier  (Wis- 
consin pier)  to  extend  to '  18  feet  M'ater  in  the  lake.  The  piers  to  be  built 
of  cribs  with  grillage  bottoms  and  ballasted  with  stone. 

Estimate  for  completion $263, 300  00 

Amount  appropriated 03, 000  00 

Amount  required  for  completion 200, 300  00 
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During  the  year  24  cribs  have  been  placed,  making  768  ninnmg  feet 
of  pier  work,  and  more  than  one  half  of  this  has  been  finished. 

During:  the  year  there  has  been  received  from  the  Treasury 

Department  on  account  of  this  work $20, 000  00 

And  ex])ende<l  25, 839  72 

Leaving  due  tlie  appropriation 37, 026  68 

The  greater  part  of  this  balance  will  be  expended  during  the  present 
working  season.  There  can  be  profitably  expended  during  the  next 
fiscal  year,  if  appropriated  in  time,  $100,000.    (See  Appendix  A  1.) 

2.  Ontonagon^  Michigan. 

The  plan  adopted  for  this  harbor  was  given  in  the  last  annual  report. 

Estimate  for  completion  was $292, 801  50 

Amount  appropriated 97, 600  00 

During  tlie  year  449  running  feet  of  pier  work  has  been  built  up  to 
the  surface  of  the  water.  As  soon  as  the  cribs  have  settled  well  the  pier 
will  be  finislied. 

Before  close  of  navigation  it  is  expected  that  not  less  than  1,200  feet 
of  pier  will  be  built. 

During  the  year  there  has  been  received  from  the  Treasury 

Department  for  this  work $35, 000  00 

There  has  been  expended 30, 937  57 

And  due  the  ai>propriation  on  June  30 66, 937  53 

Fifty  thousand  dollars  of  this  amount  will  be  expended  during  the 
present  working  season. 

The  cost  of  the  entire  improvement  is  estimated  by  the  offi- 
cer in  charge  to  be $336, 379  23 

From  which  deduct % 97, 600  00 

And  this  leaves  required  for  completion * ' 238,  779  23 


If  appropriated  in  time,  there  could  be  profitably  expended  during 
the  next  fiscal  year,  $98, 000. 
(See  Api>endix  A  2.) 

3.  Eagle  harbor^  Michigan. 

The  plan  adopted  for  this  harbor  is  to  excavate  a  channel  130  feet 
wide  and  14  feet  deep,  through  the  rock  that  forms  an  obstruction  in  the 
entrance,  and  after  this  has  been  done,  to  build  breakwaters  from  the 
eastern  and  western  points,  in  order  to  define  the  entrance  to  the  har- 
bor. 

There  was  estimated  to  have  been  1,803  cubic  yards  of  trap 
rock  that  had  to  be  removed  to  effect  this  improvement, 
and  at  $81  per  cubic  yard  the  amount  required  to  remove 

the  rock  was $146, 016  00 

And  there  was  appropriated (S^^  000  00 

The  work  of  removing  this  rock  was  let  for  $58  per  cubic  yard. 

Upon  a  careful  survey,  made  upon  the  ice  during  the  winter,  the  niun- 
ber  of  cubic  yards  to  be  taken  away,  to  give  a  channel  14  feet  deep  and 
130  feet  wide,  has  been  ascertained  to  be  3,372  22-100,  at  a  cost  of 
$195,588  76. 

The  width  of  channel  was  reduced  to  80  feet,  and  the  contractor  com- 
menced his  work  with  the  knowledge  that  he  was  limited  to  the  present 
appropriation  for  payment  of  all  work  done  under  this  contract. 
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To  make  this  ('ut  80  feet  wide  we  calculated  2,040  cubic  yards  will  have 
to  be  removed,  at  a  cost  of  $118,320. 

The  contraetor  has  removed  100  cubic  yards  of  rock  during  the  fiscal 
year. 

There  has  been  received  from  the  Treasury  Departmeut, 

during  the  liscal  year,  for  this  work $11, 000  00 

There  has  been  expended 7, 382  84 

There  is  due  appropriation  on  June  30, 1868 57, 017  16 

K  the  contractor  receives  his  nitro-glycerine  the  whole  of  this  amount 
will  be  expended  this  season. 

The  ei^timated  cost  of  completing  the  excavation  of  the  chan- 
nel 80  feet  wide,  and  building  piers,  is $184, 025  00 

This  brings  it  slightly  under  the  estimate  of  last  year,  which 
was 191, 189  86 

In  that  case  the  channel  was  130  feet  wide.  If  the  channel  be  made 
130  feet  wide,  we  must  increase  the  estimate  $77, 268  76,  which  would 
make  the  estimate  for  completion  to  be  $261,293  76. 

There  can  be  profitably  expended  during  the  next  fiscal  year,  $66,000. 

(See  Appendix  A  3.) 

4.  Marquette  harbor^  Michigan. 

The  plan  of  improvement  for  this  harbor  is  to  build  a  breakwater 
about  2,000  feet  long,  commencing  at  the  shore,  and  extending  south- 
ward in  front  of  the  town.  The  breakwater  to  be  composed  of  cribs, 
with  grillage  bottoms,  filled  with  stone,  each  section  having  a  width  not 
less  than  the  average  height  of  structure  above  the  bottom. 

Estimate  for  completion ? $385, 129  58 

Amount  appropriated t So,  000  00 

The  work  was  commenced  in  August,  1867,  and  a  section  of  five  cribs, 
equal  to  160  running  feet  of  pier  and  about  100  running  feet  of  stone 
embankment,  connecting  the  crib  work  with  the  shore,  were  partially 
built  in  1867. 

The  length  of  finished  pier  on  the  30th  of  Jun^  1868,  was  310  feet. 

During  the  fiscal  year  there  has  been  receive  from  the 

Treasury  Department,  for  this  work $35, 000  00 

And  expended  during  tlie  same  time 20, 585  21 

M'ith  liabilities  still  due. 

There  remains  belonging  to  this  appropriation,  on  the  30th  of  June, 
$64,414  79,  which  will  be  entirely  expended  this  season,  if  the  progress 
of  the  work  is  equal  to  our  anticipations. 

If  appropriated  in  time,  there  can  be  profitably  expended  upon  this 
harbor,  during  the  next  fiscal  year,  $100,000. 

(See  Appendix  A  4.) 

LAKE  MICHIGAN. 

5.  Oreen  Bay  harbor y  Wisconnn. 

The  plan  for  this  harbor  is  to  cut  a  new  channel  200  feet  wide  and  12 
feet  deep,  across  Grass  island. 

The  estimate  for  completion  was $155, 416  17 

Amount  appropriated 75, 500  00 
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This  work  was  commenced  in  the  fall  of  1866,  but  very  little  was  done^ 
Work  was  resumed  in  the  spring  of  1867  and  vigorously  prosecuted. 
From  June  30,  >867,  to  June  30, 1868, 107,831  cubic  yards  of  earth  and 
sand  were  removed  and  dumped  at  distances  of  not  less  than  three- 
fourths  of  a  mile  from  the  channel.  At  the  present  time  there  is  a  chan- 
nel, with  an  average  width  of  TOO  feet  and  minimum  depth  of  9J  feet 
of  water,  in  constant  use  by  the  bay  steamers  and  vessels  of  light 
draught  that  na\igate  Green  bay. 

When  the  work  was  stopped,  in  1867,  carei'ul  measurements  and 
soundings  were  made  along  and  through  the  new  cut.  When  the  sea- 
son of  18<58  opened,  and  before  the  work  was  renewed,  these  soundings 
were  again  made,  but  few  changes  were  found,  and  those  unimportant. 

A  succession  of  heavy  winds  from  the  north  and  northeast,  later  in  the 
season,  affected  the  sides  of  the  cut,  and  formed  a  small  bar  near  the 
entrance  on  the  northern  side. 

Hence  it  seems  necessary,  in  order  that  this  work  should  be  finished 
properly,  that  the  cut  through  the  island  should  be  revetted  and  the 
northern  entrance  protected  by  piers. 

During  the  fiscal  year  there  has  been  received  from  the 

Treasury  Department $47,002  28 

Expended 45,900  81 

Amount  due  appropriation 28,288  37 

This  last  amount  will  be  expended  during  the  present  working  season. 
Amount  required  next  fiscal  year,  $82,500. 
(See  Appendix  A  5.) 

6.  Maniimooc  harbor^  Wisconsin, 

The  plan  is  to  build  two  parallel  piers  extending  outward  into  the 
lake  until  the  proper  depth  of  water  is  obtained  and  to  dredge  the  water- 
way between  them. 

The  piers  to  be  composed  of  cribs  filled  with  stone. 

The  estimate  for  completion  was , $141,747  82 

Amount  appropriated 97,000  00 

There  had  been  built  on  the  30th  of  June,  1868,  1,413  lineal  feet  of 
pier  work ;  of  this  aU  had  been  finished  excepting  13  cribs,  making  416 
lineal  feet  of  pier  that  had  been  built  to  the  surface  of  the  water. 

Daring  the  fiscal  year  there  has  been  received  from  the 

Treasur>^  Department  for  this  work $60,000  00 

There  was  expended 50,168  53 

There  remained  due  the  appropriation 19,984  06 

This  amount  has  since  been  expended. 

Tliere  can  be  profitably  expended  during  the  next  fiscal  year,  $27,500. 

(See  Appendix  A  6.) 

7.  Sheboygan  harbor^  Wisconsin. 

The  recommendation  of  the  last  annual  report  is  renewed  by  the  offi- 
cer in  charge,  and  is  approved.  It  is  to  extend  the  piers  until  the  outer 
bar  is  crossed.  This  would  require  an  additional  416  running  feet  of 
pier  work  and  dredging.    The  estimated  cost  was  $49,000. 
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The  work  done  at  this  harbor  in  1867,  was  an  extension  of  the  piers, 
amounting  to  448  lineal  feet  of  pier  work. 

In  1866,  there  was  appropriated $47,598  91 

In  1867,  there  was  appropriated 8,000  00 

•  -^^— — — ■^^^^— 

Total 55,598  91 

Of  which  there  had  been  expended  on  June  30 47,383  14 

Leaving  due  the  appropriation 8,215  77 

This  being  available  for  dredging  purposes,  a  contract  was  made  with 
Lucius  R.  Muzzy,  the  lowest  bidder,  who  was  at  the  date  of  the  report 
dredging  the  channel  between  the  piers,  whenever  the  weather  was 
favorable. 

The  stone  has  settled  considerably,  and  it  may  be  necessary  for  the 
preservation  of  the  piers  to  put  in  more  ballast  this  fall. 

There  can  be  profitably  expended  during  the  next  fiscal  year  $49,000. 

(See  Appendix  A  7.) 

8.  Milwaukee  harbor ,  Wisconsin. 

The  bar  from  the  northward,  encroaching  upon  the  entrance  to  this 
harbor,  mentioned  in  my  last  annual  report,  has  enlarged,  and  to  such 
an  extent  as  to  allow  of  no  longer  delay  upon  the  work. 

Contracts  have  been  entered  into  for  building  the  necessary  pier  work 
as  far  as  the  money  on  hand  will  allow. 

There  should  be  an  extension  of  400  lineal  fe^t  made  to  each  pier, 
making  800  feet  in  all,  composed  of  cribs  not  less  than  25  feet  wide, 
filled  with  stone. 

The  cost  of  this  pier  work  .would  be  not  less  than  $100  per  lineal  foot. 

The  estimate  for  completion  would  be  $80,000. 

The  amount  that  could  be  profitably  expended  during  the  next  fiscal 
year,  if  appropriated  in  time,  is  $42,000. 
During  the  year  there  has  been  received  from  the  Treasury 

Department $10,000  00 

Expended 9,999  20 

Leaving  due  to  the  appropriation,  June  30,  $38,284  31,  which  amount 
will  be  expended  this  season,  if  a  fair  rate  of  i)rogres8  can  be  obtained. 
(See  Appendix  A  8.) 

9.  Racine  harbor^  WiscoTisin, 

The  plan  proposed  and  adopted  to  extend  both  piers  until  they  were 
in  15  feet  of  water  has  been  partially  carried  out. 

The  estimate  for  completion  was  placed  at $84,172  48 

On  this  estimate  there  was  appropriated 45,000  00 

During  the  year  there  ha«  been  built  544  ruilning  feet  of  pier ;  128 
feet  of  this  pier  required  building  up,  and  wheu  the  crib  now  building 
has  been  placed,  the  entire  pier  work  for  the  north  side  will  be  finished. 

The  ofiicer  in  charge  urges  the  necessity  of  carrying  out  the  south 
pier  to  the  same  distance,  and  thinks  the  amount  estimated  in  the  last 
annual  report  can  be  profitably  expended  during  the  next  fiscal  year  in 
finishing  up  the  work,  viz.,  $40,000. 
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During  the  fiscal  year  there  was  received  from  the  Treasury 

Department $50,000  00 

And  expended 47,927  97 

There  remains  belonging  to  the  appropriation  $13,706  93,  which  will 
be  expended  this  season. 
(See  Appendix  A  9.) 

10.  Kenosha  harbor^  Wisconsin, 

The  plan  for  this  harbor  was  given  in  Appendix  A  9  of  the  last  annual 
report.    Estimated  cost  of  completion,  $55,000. 

During  the  past  season  the  extension  to  the  south  pier  was  entirely 
finished.  That  to  the  north  pier  was  built,  but  not  comxiletely  finished, 
in  consequence  of  bad  weather. 

The  time  of  completion  has  been  extended,  and  the  contractors  expect 
to  finish  it  this  season. 

Received  during  the  year,  $57,000  19;  expended  during  the  year, 
$59,086  42.  There  could  be  profitably  expended  during  the  next  year 
$35,000.     (See  Appendix  A  10.) 

11.  Chicago  harbory  Illinois. 

In  the  month  of  October,  1866,  contracts  were  made  for  extending  the 
north  pier  600  feet,  in  accordance  with  plans  previously  adopted. 

Timber  and  iron  were  obtained  and  arrangements  made  to  have  the 
stone  ready  to  commence  the  work.  Before  the  work  was  commenced 
in  1867  the  Chicago  Canal  and  Dock  Company  submitted  a  project  for 
an  entrance  to  their  basin  at  the  end  of  the  pier.  This  jiroject  waa 
approved  by  the  Secretary  of  War,  the  company  promising  to  close  in 
the  entrance  to  the  basin  by  the  ena  of  the  working  season,  and  to  assiune 
any  expense  that  might  accrue  to  the  contractor  through  departure  from 
the  original  plan. 

The  officer  in  charge  recommended  in  his  annual  report  of  last  year 
the  reduction  of  the  length  of  new  pier  to  300  feet,  as  that  would  carry 
the  extremity  of  the  extension  to  the  point  originally  proposed.  But 
materials  having  been  gathered  together  sufBcient  to  buDd  not  less  than 
400  feet  of  pier,  it  has  been  thought  best  to  use  them  in  this  extension. 

Before  the  season  closes,  if  nothing  unforeseen  occurs,  it  is  believed  that 
the  Canal  and  Dock  Company  will  have  enclosed  the  basin,  and  that  the 
400  feet  of  pier  will  be  built.  This  will  place  the  extremity  of  the  pier 
in  25  feet  of  water. 

By  not  having  enclosed  the  basin  a  drift  of  sand  passed  through  the 
entrance,  forming  a  bar  near  it.  At  the  date  of  this  report  this  was 
being  removed  by  dredging. 

The  extension  of  the  south  pier  would  improve  t\\e  harbor,  and  I  there- 
fore renew  the  recommendation  made  in  the  last  annual  rei)ort  of  $48,000 
for  this  purpose. 

During  the  year  there  has  been  drawn  from  the  Treasury  Department 
for  this  harbor  $40,000,  and  expended  $35,440  03,  leaving  due  the  appro- 
priation on  June  30,  $40,178  13,  which  will  be  expended  this  season. 

There  can  be  profitably  expended  next  season  at  this  harbor.  $48,000  00 
There  has  been  allotted 35,000  00 

Balance  to  be  ajipropriated 13,000  00 

(See  Appendix  A  11.) 
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12.  Michigan  Cityj  Indiana, 

The  plan  adopted  for  this  harbor  is  to  extend  the  piers,  dredge  out  the 
river,  and  sheath  pile  the  north  bank  of  the  river. 

There  was  appropriated  the  sum  of  $75,000,  and  to  complete  the  work 
an  additional  sum  of  $35,500  was  asked  for. 

This  amount  can  be  profitably  expended  during  the  next  fiscal  year. 

There  has  been  excavated  38,684  cubic  yards  of  earth,  clay,  and  sand 
from  the  channel  during  the  year.  The  failure  of  the  contractor  to  deliver 
timber  and  do  the  framing  has  been  the  cause  of  serious  delay. 

It  is  expected  that  progress  will  be  made  before  the  working  season 
closes. 

An  annual  expenditure  of  $10,000  will  be  required  for  dredging  between 
the  channel  piers,  as  well  as  around  the  bend,  where  the  drift  sand  rapidly 
accimiulates. 

(See  Ai>pendix  A  12.) 

13.  N'eic  Buffalo^  Michigan, 

The  plan  for  improving  this  harbor  is  to  connect  Lake  Pottawatomie 
and  Lake  Michigan  by  a  cut.  Uuder  the  present  contract  70,563  cubic 
yards  of  material  have  been  removed,  and  the  sides  of  the  cut  partially 
revetted.  The  force  of  the  current  is  msuflicient  to  keep  the  cut  open ; 
the  accumulation  of  sand  at  tliis  locality  is  so  great  that  no  effectual 
improvement  can  be  made  but  by  at  once  following  up  the  cutting  from 
the  inner  lake  with  pier  construction,  which  will  involve  a  large  outlay, 
say  $325,000.  The  annual  expenditure  for  dredging  the  channel  of  the 
drift  sand  is  estimated  at  $10,000. 

The  subject  of  the  improvement  of  this  harbor  was  brought  before  a 
board  of  engineers,  whose  report  was  adverse  thereto ;  but  the  appro- 
priation act  having  directed  the  execution  of  the  work,  there  was  no 
other  course  to  pursue  than  to  commence  the  project  with  the  means 
appropriated,  and  submit  the  results  of  the  experiment  in  order  that 
Congress  may  determine  whether  the  improvement  shall  be  continued. 
(The  report  of  the  board  of  engineers  follows.  Appendix  D  9.) 

(See  Appendix  A  13.) 

14.  St.  Joseph  harbor,  Michigan, 

The  plan  adopted  is  to  repair  the  old  piers  and  extend  the  south  pier 
200  feet. 

This  extension  is  a  pier  built  of  piles  on  a  plan  given  by  General  Cram, 
with  some  slight  modifications. 

He  hoped  that  this  addition  would  compel  the  force  of  the  current  of 
the  river  to  set  directly  out  into  the  lake,  and  thus  presence  the  channel. 

Although  the  pier  has  been  carried  out  the  required  distance,  the  bene- 
ficial effect  has  not  been  proportional  to  the  exi)ectation8. 

The  recommendation  in  the  annual  report  of  last  year  is  renewed  to 
extend  the  south  pier  the  distance  of  700  feet  at  a  cost  of  $77,000.  There 
has  been  allotted  $7,500. 

If  appropriated  in  time  the  amount  that  could  be  profitably  emended 
duiing  the  next  fiscal  year  is  $o9,500. 

(See  Appendix  A  14.) 

16,  South  Haven^  Michigan, 

The  plan  adopted  is  to  widen  the  mouth  of  the  river  to  120  feet,  pro- 
tect the  banks  with  sheath  piling,  where  excavation  was  made,  building 
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two  paraUel  piers,  and  dredge  the  water-way  between  the  piers  and 
across  the  bar  opposite  the  entrance. 

Estimate  for  completion $129,000  00 

Amount  appropriated , 43,000  00 

During  the  fiscal  year  the  work  has  been  confined  to  extending  the 
piers  in  the  direction  proposed.  Eighteen  cribs,  making  576  running 
feet  of  pier,  have  been  built,  but  not  completely  finished. 

During  the  fiscal  year  there  has  been  received  for  this  work  the  sum 
of  $32,000,  and  expended  $29,672  39;  and  due  the  appropriation  on  June 
30,  1868,  $13,315  11;  which  amount  will  soon  be  exhausted.  There 
can  be  profitably  expended  during  the  next  fiscal  year  $43,000. 

(See  Appendix  A  15.) 

16.  BlaeJc  LaJce,  Michigan, 

The  plan  adopted  for  this  harbor  is  to  extend  the  piers,  close  pile  the 
cut,  and  dredge  the  channel  to  a  depth  of  12  feet.  The  estimate  was 
$106,615  31;  which  amount  has  been  appropriated.  On  the  30th  of 
June,  1868,  there  had  been  dredged  81,945  cubic  yards  of  earth  and  sand 
in  making  the  required  channel,  and  352  feet  of  pier  work  built.  This 
pier  work  will  be  finished  this  season. 

During  the  fiscal  year  there  has  been  received  from  the 

Treasury  Department  the  sum  of $52,678  90 

And  expended 55,351  64 

Leaving  due  the  appropriation  June  30, 1868 46,648  92 

This  amount  seems  sufficient  to  complete  the  work,  and  therefore  no 
further  appropriation  is  asked  for. 
(See  Appendix  A  16.) 

17.  Grand  Haven^  Michigan. 

The  plan  adopted  for  this  harbor  is  to  defend  the  south  bank  of  the 
river  near  its  mouth  with  a  close  piling,  and  to  extend  the  piers. 

Estimate  for  completion  of  close  piling  and  south  pier. . .     $105,111  21 
Estimate  for  building  north  pier 200,000  00 

Total  for  completion 305,111  21 

Amount  appropriated 105,000  00 

Necessary  forcompletion 200,111  21 


During  the  fiscal  year  1,943  lineal  feet  of  close  piling  was  finished,  and 
the  south  pier  extended  300  feet.  This  pier  will  be  extended  an  addi- 
tional 100  feet  this  season,  and  the  work  on  the  extension  stopped. 

There  is  danger  of  a  breach  being  made  in  the  old  pier,  and  directions 
have  been  given  to  guard  against  it. 

During  the  fiscal  year  there  has  been  received  ficom  the 

Treasury  Department  for  this  work $52,678  90 

And  expended 49,489  28 

And  due  appropriation  on  June  30, 1868 30,295  61 

Which  amount  will  be  expended  this  season*  There  can  be  profitably 
expended  during  the  next  fiscal  year  $75,000.  % 

(8^  Appendix  A  17.) 

3  w— PART  n 
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18.  MuskegoUy  Michigan. 

The  plan  adopted  is  to  extend  the  piers  and  tear  away  the  portion  of 
the  old  piers  above  water  and  build  up  with  a  crib  superstructure  filled 
with  stone. 

The  estimate  for  extending  pier  was $58,450  60 

The  estimate  for  building  up  old  piers 64,000  00 

Total 122,450  00 

There  has  been  appropriated 59,000  00 

Amount  required  for  completion 63,450  00 


During  the  fiscal  year  there  has  been  built  384  running  feet  of  pier. 

During  the  year  there  has  been  received  from  the  'Dreasury  Depart- 
ment for  this  work  $37,500,  and  expended  $27,710  94,  and  due  the 
appropriation  on  the  30th  of  June,  1868^  $28,484  41. 

The  greater  portion  of  this  balance  will  be  expended  in  extending  the 
piers  this  season. 

For  building  the  upper  part  of  a  portion  of  the  old  piers,  there  will  be 
required  for  the  next  fiscal  year  $10,000. 

(See  Appendix  A  18.) 

19.   White  riveTy  Michigan. 

The  plan  adopted  is  to  make  a  cut  200  feet  wide,  close  pile  the  sides 
of  the  new  cut,  and  extend  parallel  piers  until  the  depth  of  12  feet  is 
attained. 

Estimate  for  completion. $171,000  00 

Amount  appropriated 57,000  00 

During  the  fiscal  year  there  have  been  removed  105,377  cubic  yards  of 
earth  and  sand,  and  about  1,000  running  feet  of  close  piling  built. 

During  the  fiscal  year  there  has  been  received  from  the  Treasury 
Department  for  this  harbor  $36,000,  and  expended  $38,119  72;  due 
appropriation  June  30, 1868,  $18,880  28. 

This  amount  will  be  expended  during  the  present  season. 

The  dredging  was  stopped  on  June  6,  as  a  further  prosecution  of  the 
work  of  dredging  would  soon  exhaust  the  appropriation,  and  it  was 
necessary  to  retain  a  i)ortion  to  finish  the  revetment  of  the  cut. 

There  could  be  profitably  expended  during  the  next  fiscal  year  the  sum 
of  $75,000. 

(See  Appendix  A  19.) 

20.  PentwateTj  Michigan, 

The  plan  adopted  for  this  harbor  is  to  widen  the  present  entrance, 
revet  the  sides  of  the  cut  with  a  close  piling,  extend  outward  into  Lake 
Michigan  two  parallel  piers,  and  to  dredge  a  channel  12  feet  deep. 

Estimate  for  completion $327,713  40 

There  was  appropriated 55,000  00 

On  the  30th  of  June  there  had  been  buOt  320  running  feet  of  pier  to 
the  surface  of  the  water,  and  15,944  cubic  yards  of  earth  removed  from 
the  channel.    It  was  not  intended  to  dredge  the  channel  until  the  exten- 
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gion  of  the  piers  was  finished,  but  so  urgent  was  the  appeal  of  the  citi- 
zens to  have  an  entrance  into  the  harbor  that  their  vessels  could  use  and 
avoid  the  high  rates  charged  by  the  owner  of  the  pier  on  the  north  side, 
that  the  contractor  for  dredging  was  allowed  to  commence  work. 

It  was  of  temporary  benefit  and  will  be  of  service  in  the  future 
improvement. 

During  the  fiscal  year  there  was  received  from  the  Treas- 
ury Department  for  this  harbor $35,000  00 

And  expended , 25,045  12 

Due  appropriation  on  June  30,  1868 29,946  88 

There  can  be  profitably  expended  during  the  next  fiscal  year  $75,000. 
(See  Appendix  A  20.) 

21.  Pere  Marquette^  Michigan. 

The  plan  adopted  is  similar  to  the  one  for  Pentwater,  and 

the  estimate  for  completion  was $270,682  16 

Amount  appropriated 50,000  00 

During  the  fiscal  year  there  was  built  608  running  feet  of  pier,  and 
8,900  cubic  yards  of  earth  and  sand  removed  from  the  channel.  The 
pier  has  been  built  only  to  the  surface  of  the  water,  but  will  be  finished 
this  season. 

During  the  fiscal  year  there  has  been  received  from  the 

Treasury  Department  for  this  work $45,000  00 

And  expended 33,852  95 

Due  appropriation  June  30,  1868 8,979  23 

There  can  be  profitably  expended  during  the  next  fiscal  year  $75,000, 
(See  Appendix  A  21.) 

22.  Manistee^  Michigan. 

The  plan  adopted  is  to  widen  the  entrance,  extend  parallel  piers  into 
the  lake,  and  to  dredge  the  channel  to  a  deptn  of  12  teet. 

The  estimate  for  completion  was $180,949  00 

Amount  appropriated 60,000  00 

During  the  fiscal  year  there  has  been  built  448  lineal  feet  of  pier  work, 
and  18,326  cubic  yards  of  earth  and  sand  removed  from  the  channel. 

During  the  fiscal  year  there  has  been  received  from  the 

Treasury  Department  for  this  harbor : $35,000  00 

And  expended 34,799  7.7 

Due  appropriation  June  30,  1868,  which  will  be  expended 
this  season 25,002  04 

There  can  be  profitably  expended  during  the  next  fiscal  year  $60,000. 
(See  Appendix  A  22.) 

23.  Aux  Bees  Scies^  Michigan. 

The  plan  adopted  is  to  make  a  new  cut  from  Lake  Aux  Bees  Scies 
(now  known  as  Frankfort  lake)  into  Lake  Michigan,  revet  the  sides  of 
the  cut,  extend  two  parallel  piers  into  the  lake,  and  to  dredge  a  channel 
12  feet  deep. 

Estimate  for  completion $140,400  00 

Amount  appropriated 98,541  00 
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During  the  fiscal  year  tliere  has  been  384  running  feet  of  pier  built, 
525  running  feet  of  close  piling  made,  and  117,573  cubic  yards  of  earth, 
clay,  and  sand  removed. 

During  the  fiscal  year  there  has  been  received  from  the 

Treasury  Department  for  this  work $55,000  00 

And  expended 66,227  02 

Due  appropriation  on  30th  June,  1868 31,481  82 

This  amount  will  be  expended  during  the  present  season,  together  with 
the  allotment  of  $10,000. 
There  can  be  profitably  expended  during  the  next  fiscal  year  $38,000. 
(See  Appendix  A  23.) 

24.  Surveys  in  connection  with  the  improvement  of  harbors  on  Lakes  Superior 

and  Michigan, 
(See  Appendix  A  24.) 

Harbors  on  Lake  Huron  and  on  the  western  part  of  Lake 
Erie;  improvement  of  the  St.  Mary's  river  and  of  the  St. 
Clair  flats. 

Officer  in  charge.  Brevet  Major  General  T.  J.  Cram,  colonel  corps  of 
engineers,  having  under  his  orders  Brevet  Lieutenant  Colonel  F.  Har- 
wood,  captain  corps  of  engineers,  until  June,  1868,  and  Captain  J.  G. 
Lydecker,  corps  of  engineers. 

1.  Improvement  of  the  St.  Marifs  river^  Michigan, 

The  work  during  the  year  has  been  confined  to  dredging  the  middle 
channel  of  Lake  George ;  from  July  1st  to  the  close  of  the  season  of  1867, 
the  material  dredged  amounted  to  109,724  cubic  yards.  The  work  was 
resumed  on  May  12,  1868,  and  the  amount  dredged  to  the  end  of  the 
fiscal  year,  June  30,  was  28,691  cubic  yards,  making  the  amount  of  work 
done  during  the  fiscal  year  138,415  cubic  yards,  by  two  Osgood  dredges. 

The  average  performance  of  these  two  machines,  in  soft  clay  favorable 
for  dredging,  was  45^|^  cubic  yards  per  hour  for  each. 

Tlie  officer  in  charge  reports,  as  the  results  of  a  recent  inspection,  that 
there  was  at  the  date  of  his  report  at  least  80,000  cubic  yards  yet  to  be 
dredged.  This  is  51,252  cubic  yards  in  excess  of  the  estimate  made  by 
him  iji  1866.  This  estimate  was  based  upon  surveys  made  in  1864^  and 
the  excess  is  due,  in  a  great  measure,  to  the  filling  up  of  the  unfinished 
channel,  (excavated  in  1859,)  between  the  date  of  the  survey  and  the 
present  time.  The  cost  of  removing  this  excess  will  exceed  the  amount 
available  June  30, 1868,  by  $15,000. 

Amount  on  hand  July  1, 1867 $99,995  44 

Amount  expended  to  June  30,  1868 67,942  87 

Leaving  available 32,052  57 

Estimated  amount  required  to  complete  all  the  improvements 
contemplated  in  this  river,  exclusive  of  the  improvement  of 
the  St.  Mark's  canal $398,983 

The  annual  amount  required  to  keep  the  improvement  in  order 
when  finished 10,000 

The  amount  required  for  the  next  fisciil  year  for  completing 
the  dredging  in  Lake  George,  deepening  the  East  Neebish 
channel  and  removing  a  shoal  off  the  entrance  to  the  canal 

is 40,000 

(See  Appendix  B.) 
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LAKE  HURON. 

2.  Au  Sable  river ^  Michigan, 

An  appropriation  of  $50,000  was  made  for  this  work  by  act  of  March 
i  1867.  Owing  to  unavoidable  delay  contracts  were  not  entered  into 
onto  the  end  of  the  working  season  of  1867. 

A  couisiderable  amount  of  materials  were  delivered  in  May  and  June, 
but  no  cribs  sank  up  to  the  close  of  the  fiscal  year. 

Amount  expended  to  June  30,  1868 $4, 497  62 

Leaving  available  July  1,  1868 45, 502  38 

Additional  amount  required  to  complete  the  work 20, 000  00 

The  officer  in  charge  is  of  opinion  that  this  will  always  be  an  expen- 
sive harbor  to  keep  open,  (owing  to  the  great  quantity  of  sand  coming 
down  the  river,  and  in  the  litoral  current  of  the  lake  at  this  point,)  for 
which  an  annual  expenditure  of  $6,000  for  dredging  wiU  be  required. 

(See  Appendix  B.) 

3.  Improvement  of  mouth  of  Saginaw  river ^  Michigan. 

A  channel  195  feet  in  width  and  12  feet  deep  is  being  cut,  by  dredging, 
through  very  hard  material.  From  July  1,  to  the  close  of  the  working 
season  of  1867,  the  material  excavated  amounted  to  54.312  cubic  yards. 
The  dredging  was  i*esumed  in  April,  1868,  and  to  the  30th  of  June  the 
amount  excavated  with  one  dredge  was  25,492  cubic  yards,  making  an 
aggregate  of  79,804  cubic  yards  since  the  commencement  of  the  work, 
l^e  average  work  done  by  the  dredge  during  the  year  was  39^  cubic 
yards  per  hour. 

A  large  boulder  rock  and  a  sunken  hulk  have  been  encountered 
lying  in  the  new  channel.  These  will  have  to  be  removed  during  the 
present  season,  and  if  no  further  obstacles  are  met  with  the  channel 
will  be  completed  during  the  year.  Since  this  rejwrt  was  prepared  the 
engineer  officer  in  charge  has  reported  the  completion  (in  October)  of 
the  channel.  The  officer  in  charge  reports  that  no  evidences  have  arisen, 
in  the  progress  of  the  work,  to  indicate  that  the  cut  will  till  up  when 
ma^e,  but  on  the  contrary,  that  the  outflow  of  the  river  will  keep  it 
elear. 

Amount  available  July  1,  1867 $95, 077  35 

Amount  expended  to  June  30,  1868 66, 928  06 

Leaving  available 28, 149  29 

An  annual  sum  of  $2^000  is  estimated  for  by  the  engineer  in  charge 
to  be  expended  in  keepmg  this  cut  open,  should  it  be  found  necessa^>^ 
(See  Appendix  B.) 

LAKE  ST.  CLAIR. 

4.  St  Clair  flats. 

Contracts  were  entered  into  for  a  straight  cut  or  canal  300  feet  wide, 
13  ieiti  deep,  and  about  a  mile  and  a  half  long,  through  this  shoal,  on 
Aagost  20, 1867.  From  that  time  until  the  end  of  the  present  fiscal 
year  the  work  ha«  been  in  active  progress.  The  officer  in  charge  reports 
that  the  character  of  the  material  excavated  is  highly  favorable  for  the 
success  of  the  plan  of  improvement  adopted. 
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Greneral  Cram  recommended  that  Seely'screosoting  process  be  applied 
to  tbe  timber  of  the  dykes  above  water,  and  requested  that  an  appro- 
priation of  $27,300  be  asked  for  for  this  purpose.  This  was  submitted 
to  the  Secretary  of  War,  approved  by  him,  and  transmitted  to  Congress. 
It  is  estimated  by  the  officer  in  charge  that  by  this  outlay  the  saving 
for  every  period  of  seven  years  would  amount  to  about  the  additional 
sum  asked  for. 

Amount  on  hand  July  1, 1867 $229, 970  32 

Amount  expended  to  June  30, 1868 15, 543  08 

The  original  estimate  of  the  probable  amount  required  for  this  improve- 
ment was  $428,  754. 

Additional  amount  required  to  complete  the  work $200, 000  00 

To  which  add  for  creosoting  remainder  of  timber  to  be 

used 25,  OW  00 

Protection  to  foot  of  outer  slope  of  bank 20, 000  00 

Total 245, 000  00 

Amount  allotted  from  the  appropriation  of  1868 $86, 000  00 

Amount  yet  to  be  appropriated  to  complete  the  work 159, 000  00 

The  officer  in  charge  is  of  opinion  that  an  average  annual  expenditure 
of  $1,500  will  probably  be  required  for  repairs  and  preservation,  after 
the  improvement  is  completed.  Without  the  application  of  the  creo- 
soting process  to  the  timber,  he  thinks  this  sum  would  have  been  incresed 
to  $5,000. 

(See  Appendix  B.) 

LAK K  ERUbtt 

5.  Monro€j  Michigan. 

During  the  fiscal  year  much  work  has  been  done.  The  old  parts  of 
the  piers  have  been  completely  repaired  with  new  timber  filled  witii 
stone  and  planked  over. 

A  length  of  300  feet  interior  to  the  shore  end  of  the  north  pier  has 
been  filled  with  pile  pier  work,  sheet  pUed  on  both  sides  and  filled  with 
brush  and  stone.  This  is  to  prevent  the  washing  in  of  the  sand  which 
is  again  carried  out  by  the  freshet  currents  and  deposited  upon  the 
outer  bar.  A  length  of  250  feet  on  the  interior  part  of  the  south  pier 
has  been  protected  in  the  same  manner  during  the  fiscal  year. 

Amount  on  hand  July  1,  1867 $24, 265  21 

Amount  expended  to  June  30, 1868 13, 665  00 

Leaving  to  be  expended  hereafter  as  circumstances  may 

require 10, 590  21 

The  officer  in  charge  estimates  the  probable  annual  expense  of  keep- 
ing this  harbor  in  repair  at  $1,700. 
(See  Appendix  B.) 

6.  Harbor  of  Toledo^  Maumee  hay^  Ohio, 

The  work  of  deepening  the  old  channel  has  been  continued  during  the 
year. 

From  July  1  to  December  1, 28,335  cubic  yards,  and  from  March  30  to 
June  30,  of  this  year,  18,498  cubic  yards  had  been  removed ;  making 
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for  the  whole  year  46,833  cubic  yards ;  the  average  i)erformance  of  the 
dredge  was  38^  cubic  yards  per  hour. 

As  stated  in  my  annual  report  of  last  year,  this  harbor,  in  view  of  its 
commercial  importance,  is  one  of  those  deemed  necessary  to  be  enlarged 
to  an  increased  depth  of  15  feet  and  width  of  300  feet.  The  officer  in 
charge  estimates  about  $470,000  as  the  additional  cost  of  such  improve- 
ment. To  carrj^  out  this  plan  an  appropriation  of  $150,000  for  the  next 
fiscal  year  is  required. 

Amount  on  hand  July  1,  1867 $35, 435  38 

Amount  expended  to  June  30,  1868 22, 420  37 

(See  Appendix  B.) 

7.  Improvement  of  Sandusky  river ^  Ohio. 

The  plan  of  improvement  adopted  was  to  make  a  channel  fix)m  160  to 
200  feet  wide  and  12  feet  deep,  by  dredging. 

The  work  has  progressed  satisfactorily  during  the  year.  From  July 
1  to  December  7^  1867,  20,716  cubic  yards,  and  from  May  10  to  June  30, 
1868,  26,931  cubic  yards  were  removed,  making  for  the  whole  fiscal  year 
41^97  cubic  yards. 

Tbe  dredge  averaged  45 A  cubic  yards  per  hour.  This  dredge  is  of  the 
Otis  patent,  single  engine,  15-horse  power. 

The  balance  on  hand  July  1, 1868,  will  be  sufficient  to  bring  the  river 
to  such  a  degree  of  improvement  as  will  materially  benefit  the  naviga- 
tion, but  will  fall  short  of  accomplishing  the  total  amount  of  dredging 
that  was  in  contemplation. 

The  officer  in  charge  estimates  that  to  complete  the  whole  work  as 
planned  will  require  an  additional  appropriation  of  $35,000. 

Amount  on  hand  July  1, 1867 $19, 992  40 

Amount  expended  to  June  30,  1868 11, 659  79 

(See  Appendix  B.) 

8.  Sandmky  City  harbor ^  Ohio. 

« 

The  operations  for  the  improvement  of  this  harbor  have  been  confined 

to  dredging  the  channel  through  the  outer  bar,  at  the  outlet  of  the  bay 
into  the  lake,  with  a  view  of  obtaining  a  channel  width  of  400  feet,  and 
depth  of  12  feet 

This  bar  is  in  a  very  much  exposed  place  for  dredging,  moderate  east- 
erly winds,  even,  preventing  the  dredges  from  lying  on  the  bar.  The 
amount  of  work  done  from  date  of  last  annual  report  to  close  of  the 
present  fiscal  year  was  the  removal  of  17,632  cubic  yards  of  material. 
Average  work  of  one  dredge  29J  cubic  yards  per  hour  in  sand. 

Amount  on  hand  July  1, 1867 $38, 577  90 

Amount  expended  to  June  30,  1868 14, 224  14 

As  the  balance  is  sufficient  to  continue  the  dredging  of  the  outer  bar 
to  the  extent  required,  no  additional  appropriation  is  asked  for. 

The  officer  in  charge  estimates  the  annual  expense  of  keeping  this 
channel  open  to  be  about  $2,500. 

(See  Appendix  B.) 

9.  Huron  harbor^  Ohio. 

The  work  at  this  harbor  is  the  rebuilding  and  repair  of  the  dilapidated 
portions  of  the  old  piers,  standing  above  water ;  sinking  new  cribs  to  rest 
on  the  foundations  of  those  that  have  been  swept  away,  and  raising  the 


40  REPORT  OF  THE  SECRETARY  OF  WAR. 

whole  (with  a  new  superstructure)  to  five  feet  above  water ;  filling  the 
piers  with  stone,  and  planking  over  all. 

In  October,  1867,  the  old  piers  had  been  repaired  as  far  as  necessary. 
During  the  winter  and  spring  of  the  present  y^r  a  smaU  breach  occurred 
in  the  old  under- water  work  of  one  pier,  and  also  one  in  another  part  of 
the  old  superstructure,  and  it  will  be  necessary  to  protect  the  new  lake 
extremity  of  the  east  pier,  which  seems  to  have  been  undermined. 

These  repairs  will  be  done  before  the  close  of  the  present  season. 

The  amount  available  will  not  only  suffice  to  make  the  repairs  men- 
tioned, but  will  be  sufficient  for  some  years  to  come  to  make  annual 
repairs. 

Amount  on  hand  July  1,  1867 $28, 040  27 

Amount  expended  to  June  30,  1868 14^  265  96 

(See  Appendix  B.) 

10.   Yemiillion  harbor^  Ohio, 

The  operations  cat  this  harbor  have  consisted  in  repairing  the  old  piers 
wherever  necessary,  above  and  under  water,  and  in  raising  them  to  five 
feet  above  water,  filling  with  stone,  and  planking  over  all. 

Until  further  damage  or  deterioration  shall  show  a  necessity  for  it,  it 
is  not  intended  to  make  further  expenditures  upon  this  work. 

Amount  on  hand  July  1,  1867 $3, 328  59 

Amount  expended  to  June  30,  1868 3, 328  59 

In  addition  to  this  there  was  expended  during  the  year,  in  the 
repairs  and  preservation  of  this  work,  from  the  general  ap- 
propriation of  1864  for  "  repairs  of  lake  harbors^ 5,  758  97 

Making  total  expended  in  fiscal  year '. 9, 087  56 

(See  Appendix  B.) 

11.  Bla<ik  River  liarhovj  Ohio, 

Nothing  has  been  done  on  this  harbor  during  the  last  fiscal  year. 

The  appropriation  of  $10,000  made  in  1866  is  still  available  for  repairs, 
but  there  are  indications  of  decay  in  the  old  parts  of  the  west  pier  which 
will  soon  require  attention. 

The  officer  in  charge  estimates  the  average  annual  expense  of  keeping 
the  work  in  repair  to  be  about  $1,500.  He  thinks  that  the  present  avail- 
able sum  api)lied  to  these  repairs,  a«  the  necessity  for  them  will  arise, 
will  keej)  the  harbor  in  good  condition  for  several  years  to  come. 

(See  Appendix  B.) 

12.  Examination  and  surveys  in  connection  itith  the  improvement  of  har- 

hors  on  Lake  Erie, 

* 

Special  examinations  and  surveys  were  made  with  the  view  of  perfect- 
ing the  plans  and  estimates  of  cost  and  of  locating  the  improvement  for 
the  harbors  of  Buffalo  and  Dunkirk,  New  York,  and  of  Port  Clinton,  Ohio. 

(See  Appendices  B  and  B  1.) 

HARBORS  ON    LAKE    ERIE,  FROM   CLEVELAND,   OHIO,  TO    ERIE,   PENN- 
SYLVANIA, INCLUSIVE. 

These  harbors  were  under  the  direction  of  Brevet  Major  General  T.  J. 
Cram,  colonel  of  engineers,  up  to  May  28, 1868.  Subsequent  to  that  date 
they  have  been  under  the  direction  of  Major  Walter  McFarland,  corps  of 
engineers. 
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1.  Cleveland  harbor^  Ohio. 

Tlie  plan  of  imi>rovement  for  this  liarbor  is  one  recommended  by  Gen- 

eiai  Cnim,  and  is  denominated  a  pile  pier,  which  he  regarded  as  pecu- 

^lij  adapted  to  this  locality.    It  is  an  experiment  which  was  justified 

bv  economy  of  cost,  but  it  remains  to  be  tested  whether  it  has  any  advan- 

ta^  over  the  crib-pier,  even  at  this  locality. 

The  west  pier  has  been  extended  450  feet  upon  this  plan. 

Amoant  available  July  1, 1867 $51, 590  45 

Expended  auder  contract  by  General  Cram. . .  $17, 554  32 
Expended  under  contract  by  Major  McFarland.       3,177  14 

20,  731  46 

Available  June  30, 1868 30, 858  09 


Amount  required  (in  addition  to  balance)  to  complete  present  plan, 
HOOO. 

This  is  one  of  the  harbors  selected  for  an  increased  depth,  to  admit 
vessels  of  14  feet  draught,  for  which  the  estimate  is  $39,000. 

The  amount  that  may  be  profitably  expended  in  the  season  following 
the  ap]>rox>riation  is  $25,000. 

(See  Appendix  C.) 

2.  Grand  River  harbor^  Ohio. 

The  work  during  the  past  year  consisted  of  repairs  of  the  old  piers, 
in  the  construction  of  nine  cribs  for  east  pier  extension,  and  in  the  placing 
of  four  of  them. 

The  action  of  the  spring  freshets  caused  the  undermining  of  the  entire 
length  of  the  four  cribs,  and  their  settlement  to  the  clay  substratum  at 
the  outer  end,  from  six  to  eight  feet  below  the  sand  bottom  on  which 
they  had  been  placed. 

Amount  available  July  1,  1867 $53, 310  22 

Expende<l  under  contract  by  General  Cram $8, 128  10 

Expended  under  contract  by  Major  McFarland.  93  12 

8,221  22 

Balance  June  30, 1868 45, 089  00 

Probable  cost  pf  east  pier  crib  extension 21, 631  00 

Leaving 23,458  00 

available  for  the  extension  of  the  west  pier  parallel  to  the  east  pier,  or 
other  modification  of  the  plan  as  may  be  necessary  after  the  completion 
of  the  partial  plan  now  in  progress. 
(See  Api)endix  C  1.) 

3.  Ashtabula  harbor^  Ohio. 

The  work  wa«  limited  to  the  repair  of  the  old  piers,  and  in  preparation 
for  extension  of  the  east  pier,  while  under  the  charge  of  General  Cram. 
Since  the  transfer  to  Major  McFarland,  eight  cribs  of  the  extension,  of  a 
total  length  of  240  feet,  have  been  built,  floated  to  their  position  and 
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sunk,  in  accordance  with  the  plan  which  contemplates  the  equal  exten- 
sion of  both  piers. 

Amount  available  July  1, 1867 $72, 764  29 

Expended  under  contract  by  General  Cram. . .  $17, 461  27 
Expended  under  contract  by  M^or  McFarland .       6, 992  86 

24, 454  13 

Balance  June  30, 1868 48, 310  16 


t 


The  repairs  of  the  old  work  having  exceeded  the  estimate  of  General 
Gram,  there  will  be  required  a  further  appropriation  for  completion  of 

ftO  lAA 


$2,100. 
(See  Appendix  0  2.) 


4.  Conneaut  harbor ^  Ohio, 


The  repairs  of  the  old  piers  have  been  made.    In  the  spring 
a  freshet  xjaused  a  breach  behind  the  east  pier,  which  will 

cost,  as  estimated $9,  OOO  00 

Cost  of  extension  of  west  pier 22, 771  00 

Cost  of  dredging  channel 6, 181  00 

Total  cost 37, 952  00 

Expended  under  contract  by  General  Cram 16, 196  45 

Balance 21.755  55 

or,  to  complete  the  work  of  improvement  as  proposed,  there  is  required 
a  further  appropriation  of  $22,000. 
(See  Appendix  C  3.) 

6.  Erie  harbor ^  Pennsylvania. 

The  operations  in  progress  for  the  improvement  of  this  valuable  harbor 
were  well  advanced,  the  pier  having  been  extended  500  feet,  and  the 
channel  ever  the  outer  bar  dredged  to  a  width  of  200  feet,  and  14  feet  in 
depth,  when  a  severe  gale  damaged  the  pier  so  seriously  as  to  render  it 
expedient  to  lay  the  subject  before  a  board  of  engineers,  whose  report  is 
appended  hereto. 

Preparations  were  made  by  the  officer  in  charge,  in  accordance  with 
the  views  of  the  board  of  engineers,  to  remedy  the  disaster,  and  contracts 
were  entered  into  by  him. 

There  was  expended  by  General  Cram $43, 873  49 

There  was  expended  by  Mjyor  McFarland 3, 610  09 

Total  expended 47, 483  58 

Leaving  a  balance  July  1, 1868 $12, 350  91 

Allotment  of  the  appropriation  for  repairs,  &c.,  1868 40, 000  00 

Total  available  for  improvements 52, 350  91 
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The  estimated  cost  of  the  repairs  of  the  damaged  pier $16, 000  00 

Estimated  cost  of  dredging  outer  bar 6, 000  00 

Estimated  cost  of  dredging  inner  bar 35, 000  00 

Total 56, 000  00 

Leaving  a  balance  to  be  api)ropriated  of ^,^40  4M) 

The  old  works  will  need  repairs,  the  estimate  for  which  is. .  34, 000  00 

Making  a  total  amount  for  the  next  fiscal  year 37, 650  00 


This  harbor  is  one  of  those  selected  for  increased  depth  of  channel  to 
admit  vessels  drawing  14  feet,  the  estimate  for  which  is  $35,000,  a  sum 
that  may  be  profitably  expended  during  the  season  subsequent  to  the 
date  of  the  appropriation. 

(See  Appendices  C  4  to  C  11,  inclusive.) 

HARBORS  ON  LAKE  ERIE,  EAST  OF  ERIE,  PENNSYLVANIA. 

These  harbors  were  under  the  charge  of  General  Cram  until  June  3, 
1868,  at  which  date  he  was  relieved  by  Brevet  Lieutenant  Colonel  Frank- 
lin Harwood,  captain  of  engineers. 

1.  Dunkirk  harbor^  New  York. 

The  repairs  of  the  pier  connecting  the  beacon-light  foundation  with 
tiie  main  land,  a  length  of  1,380  feet,  have  been  well  advanced,  and 
already  arrest  the  washing  of  sand  into  the  harbor,  as  well  as  offering 
partial  protection  to  the  harbor  against  the  swell  of  the  sea. 

The  breakwater  has  not  yet  been  commenced,  but  bids  have  been 
invited,  and  the  work  will  be  shortly  under  contract,  the  balance  of  the 
appropriation  being  adequate  for  the  construction  of  about  1,000  feet, 
after  reserving  an  amount  to  meet  contingent  expenses  and  repairs. 

The  officer  in  charge  recommends  the  removal  of  the  remains  of  the 
outer  breakwater  commenced  under  an  appropriation  made  in  1852.  It 
is  now  an  obstruction  to  navigation,  and  authority  has  been  given  for 
its  removal  to  a  depth  of  14  feet  below  the  surface  of  the  water  at  the 
lowest  stage. 

Amount  on  hand  July  1,  1867 $100, 000  00 

Expended  by  General  Cram $8, 329^  65 

Expended  by  Colonel  Harwood 3  80 

8,333  45 

Balance,  July  1, 1868 91, 666  56 

and  will  be  expended,  under  contract,  for  completing  beacon-pier,  for 
building  about  1,000  feet  of  breakwater,  and  removal  of  the  old  break- 
water. 

For  continuing  the  plan  of  improvement  an  appropriation  is  required 
of  $50,000,  which  can  be  profitably  expended  next  season. 

(See  Appendices  D  to  D  5,  inclusive.) 

2.  Buffalo  sea  wally  New  York. 

This  work  remains  as  reported  in  the  last  annual  report.  It  has  been 
recommended  to  await  its  further  construction  until  the  works  for  the 
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improvement  of  Buffalo  harbor,  now  in  progress,  have  been  further 
advanced. 

The  balance  of  appropriation  for  the  sea  wall  is  823,751  39. 

(See  Appendix  D.) 

3.  Buffalo  hurbor,  New  York. 

The  plans  for  the  improvement  of  this  harbor  were  brought  before  a 
board  of  engineers  for  consideration.  Their  recommendations  were 
approved,  and  the  work  is  under  contract  for  the  building  of  so  much 
as  the  appropriation  will  admit,  namely,  the  repairs  of  pier-head  and 
tow-path,  the  extension  of  the  pier,  and  the  construction  of  about  900 
feet  of  breakwater. 

Amount  on  hand  July  1, 1867 $200, 000  00 

Expended  by  General  Cram .' $3, 084  38 

Expended  by  Colonel  Harwood 3, 790  80 

6, 875  18 

On  hand,  July  1, 1868,  and  now  under  contract 193, 124  82 

For  the  continuation  of  the  work  there  is  required  an  appropriation 
of  $275,000,  which  may  be  profitably  expended  during  the  next  fiscal 
year. 

(See  Appendices  D  and  D  6  to  D  15,  inclusive.) 

HARBORS  ON  LAKE  ONTARIO. 

Brevet  Colonel  C.  E.  Blunt,  lieutenant  colonel  of  engineers,  ha«  charge 
of  these  improvements,  and  is  assisted  by  Captain  W.  A.  Jones,  corps 
of  engineers. 

1.  Oleott  harboTy  (Eighteen-mile  creekyj  New  York, 

Contracts  for  this  harbor  have  been  entered  into  and  partially  executed. 
The  channel  of  the  creek  has  been  modified  by  the  removal  of  a  portion 
of  the  bar,  and  an  old  pier  has  been  rebuilt  in  connection  with  the  pro- 
posed new  work. 

The  plans  proposed  and  approved,  and  which  will  be  partially  carried 
out  with  the  amount  appropriated  March  2,  1867,  contemplate  the  con- 
struction of  two  parallel  piers,  200  feet  apart  and  1,000  feet  each  in 
length,  and  dredging  to  give  10  feet  of  water. 

The  late  delivery  of  the  timber  has  prevented  the  accomplishment  of 
as  much  work  as  was  hoped  could  be  finished  by  July  1.  If  the  con- 
tractor for  labor  fulfils  his  agreement,  considerable  work  on  the  new 
pier  can  be  executed  before  the  close  oi  the  seas6n. 

Amount  appropriated  March  2, 1867 $60, 000  00 

Amount  expended  during  the  year 9, 328  33 

Amount  estimated  for  completing  the  work 118, 000  00 

Amount  required  for  next  fiscal  year,  which  may  be  profit- 
ably expended  during  the  next  season 58, 000  00 

(See  Appendix  E.) 

2.  Oak'OrcJmrd  Itarhor^  New  York, 

The  timber  in  part,  and  all  of  the  iron,  required  for  the  improvement 
have  been  delivered  under  the  contracts  concluded  during  the  previous 
year,  but  no  work  has  been  done.  Colonel  Blunt  reports  that  the  con- 
tractor will  probably  abandon  his  contract. 


\ 
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This  will  involve  delay  in  the  completion  of  the  improvement;  but  little 
detriment  to  the  public  interest  will  ensue,  as  the  business  and  commerce 
of  the  harbor  are  represented  to  be  small.  The  value  of  the  harbor  con- 
sists in  its  being  one  of  refuge,  lying  east  of  Niagara  river  45  miles  and 
west  of  Genesee  river  30  miles.  Both  of  these  harbors  offer  great  facili- 
ties as  places  of  refuge.    . 

Amount  on  hand  July  1,  1867 $87, 000  00 

Amount  expended v 12, 206  89 

Amount  available  July  1,  1868 74,  793  11 

(See  Appendix  E.) 

3.  Mouth  of  the  Oenesee  river  ^  New  York. 

Since  the  last  annual  report,  the  rebuilding  of  the  west  pier  has  been 
completed,  and  that  of  east  pier  is  well  advanced.  By  the  end  of  the 
season  this  east  pier  will  be  completed  as  far  as  the  balance  available 
will  permit. 

An  allotment  of  the  appropriation  for  repairs,  &c.,  made  in  1864,  has 
since  been  made,  which  will  enable  the  officer  in  charge  to  complete  the 
pier  at  its  lake  extremity. 

The  end  of  the  east  pier  uniting  with  the  main  land  requires  repair 
and  extension  to  guard  against  a  threatened  breach. 

To  cover  these  repairs  and  extension.  Colonel  Blunt  estimates  to  be 
required  $10,000,  which  can  be  profitably  expended  next  season. 

Amount  on  hand  July  1, 1867 $75, 607  80 

Amount  expended 55, 611  86 

Amount  available  July  1, 1868 19,995  94 


All  under  contract.     Required  to  be  appropriated,  $10, 000, 
(See  Appendix  E.) 

4.  Big  Sodm  harboTy  Neic  Yorlc. 

The  work  under  the  old  contracts  and  that  under  the  new  contracts, 
reported  herewith,  has  progressed  satisfactorily  on  the  whole.  Up  to 
June  30,  840  feet  of  the  west  pier  have  been  completed,  and  240  more 
rebuilt  to  the  water  level. 

The  wreck  of  a  schooner  in  mid-channel,  obstructing  the  passage,  has 
been  removed  by  special  contract.  A  narrow  channel  has  been  obtained 
by  dredging,  so  that  vessels  drawing  10  feet  have  gone  in. 

It  is  thought  the  balance,  $58,645  46,  still  available,  will  be  sufficient 
to  do  the  remaining  necessary  work  in  rebuilding  piers  and  dredging 
channel,  and  no  further  appropriation  is  asked  at  present. 

(See  Ai)pendix  E.) 

5.  Little  Sodus  harbor^  New  York. 

The  dredging  of  the  channel  and  extension  of  the  west  pier,  under 
contracts  reported  in  1866,  and  new  contracts  reported  herewith,  have 
been  steadily  continued. 
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Five  hundred  feet  of  new  pier  have  been  completed  and  300  more 
brought  up  to  the  water  level.  This  unfinished  part,  it  is  hoped,  will  be 
completed  this  season. 

The  dredging  of  the  channel  has  been,  and  is  still,  going  on.  It  is 
now  80  feet  wide. 

The  opening  between  the  pier  and  the  west  .shore  has  been  closed  up 
by  a  cheap  crib- work.  A  short  east  pier  is  deemed  advisable  to  define 
the  channel,  and  the  opening  on  the  east  side  of  the  harbor  should  also 
be  closed. 

For  these  objects,  deemed  necessary  to  complete  the  improvement,  the 
request  of  last  year  for  a  further  appropriation  of  $25,000  is  renewed. 

Amount  on  hand  July  1, 1867 883, 533  88 

Amount  expended 55, 673  37 


Amount  available  July  1, 1868 27, 860  51 

Amount  required  to  complete  plan,  $25,000. 
(See  Appendix  £.) 

6.  Oswego  harbor^  New  York. 

The  dredging  of  the  harbor  and  repairs  of  United  States  pier  have 
been  continued  during  the  year  under  contracts  heretofore  and  now 
rejjorted. 

The  dredging  so  far  executed  has  rendered  available  for  vessels  a  great 
part  of  the  pier  and  portions  of  the  harbor  which  had  been  useless  for 
years.  It  is  believed  that  all  the  dredging  necessary  for  the  present  can 
be  completed  before  the  close  of  1868. 

The  old  pier  will  continue  to  need  an  annual  expenditure  for  its  repair; 
but  unless  a  very  large  breech  should  be  made,  no  additional  appropriation 
for  this  repair  will  be  needed  for  two  or  three  years. 

For  the  extension  of  the  pier  northerly  into  the  lake,  a  much  needed 
improvement,  $50,000  is  required  and  is  asked  for  next  fiscal  year. 

Amount  on  hand  July  1,  1867 $69, 373  40 

Amount  expended 19, 550  48 

Amount  available  July  1,  1868 49, 823  92 


Instructions  have  been  given  for  the  commencement  of  the  extension 
of  the  pier  with  a  portion  of  the  balance  on  hand,  and  with  an  allotment 
of  $20,000  from  the  appropriation  for  repairs,  &c.,  made  during  the  last 
session  of  Congress. 

For  the  contingent  repairs  of  the  old  pier,  and  for  the  further  exten- 
sion of  the  new  pier,  an  appropriation  of  $50,000  is  required  and  can  be 
profitably  expended  during  the  next  fiscal  year. 

(See  Appendices  E  and  E  1.) 

7.  Ogdemburgh  harbor^  New  York. 

The  dredging,  which  it  is  stated  in  the  last  report  was  expected  to  be 
done  that  season,  was  executed,  the  contractor  stopping  work  November 
30, 1867  J  but  instead  of  resuming  work  in  the  spring  of  1868,  he  aban- 
doned his  contract  on  the  ground  that  the  material  to  be  removed  was 
harder  than  he  had  been  led  to  believe.    (His  bid  was  unreasonably  low 
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in  price.)  A  second  board  of  engineers  having  examined  the  harbor,  a 
revised  plan  of  improvement  has  been  submitted  and  proposals  have 
"been  invited  for  the  dredging.  Contracts  have  not  yet  been  made,  but 
it  is  hoped  that  they  will  be  in  time  to  resume  operations  during  the 
latter  part  of  the  season  of  1868. 

Balance  available  July  1, 1868,  $37,118  58. 

(See  Appendices  E,  and  E  2  to  E  9,  inclusive.) 

SURVEY  AT  PORT  ONTARIO,  MOUTH  OP  SALMON  RIVER,  NEW  YORK. 

A  special  report  of  this  survey  was  made  in  compliance  with  a  resolu- 
tion of  Congress  of  17th  January,  1868. 

The  estimated  cost  of  construction  is 8209, 000 

For  coustruction  of  piers 90, 000 

For  dredging  channel  and  so-called  harbor 119, 000 

It  does  not  appear  that  the  wants  of  commerce  and  navigation  require 
the  construction  of  a  harbor  at  the  cost  estimated. 
(See  Appendix  E  12.) 

4 

SURVEY  FOR  A  SHIP  CANAL  BETWEEN  LAKES  ERIE  AND  ONTARIO. 

This  survey  was  made  under  the  direction  of  Brevet  Colonel  Blunt, 
corps  of  engineers,  in  compliance  with  a  joint  resolution  of  Congress  of 
March  22, 1867. 

The  importance  of  an  uninterrupted  water  communication  between 
these  two  lakes  for  the  largest  class  of  vessels  was,  as  early  as  1808, 
considered  worthy  of  the  efficient  aid  of  the  general  government. 

In  1826  a  survey  was  made  under  an  association  of  private  individuals. 
and  another  in  1835,  by  Captain  W.  G.  Williams,  corps  of  topographical 
engineers,  in  obedience  to  a  resolution  of  the  House  of  Bepresentatives. 

In  the  able  report  of  Captain  Williams,  five  different  lines,  two  of  which 
nearly  coincide  with  the  Four-mile  creek  and  Twelve-mile  creek  routes  of 
the  present  survey,  were  carefully  considered  and  estimated  for  at  the 
prices  of  that  day. 

Preference  was  given  to  a  route  near  to  and  debouching  into  the 
Niagara  river. 

The  five  separate  routes  presented  by  Colonel  Blunt  as  feasible  for  the 
canal  in  question  do  not  di^fter  as  materially  in  cost  as  in  length. 

Upon  the  shorter,  or  Lewiston  routes,  the  proposed  system  of  double 
locks,  indisi)ensable  from  the  great  amount  of  lockage  required  in  a  short 
space,  makes  the  cost  relatively  greater.  And  of  the  longer  routes,  tlie 
Four-mile  creek  and  the  Twelve-mile  creek  routes  have  their  cost  rela- 
tively increased  by  more  rock  excavation  and  more  double  locks,  when 
compared  with  the  Eighteen-mile  creek  route.  The  Eighteen-mile  creek 
route  best  fulfils  the  conditions  of  security  by  being  further  removed 
from  the  frontier,  and  as  its  terminus  is  15  miles  fruther  east  on  Lake 
Ontario  than  the  average  of  the  others,  viewed  as  a  route  for  commerce 
it  is  that  much  shorter.  Its  greater  security  against  secret  enterprise, 
during  and  just  preceding  a  war,  renders  it  preferable  for  commercial  as 
well  as  for  military  and  naval  purposes. 

Were  the  canal  extended  from  Tonawanda  to  Buffalo  harbor,  its  exten- 
sion would  not  be  better  protected  against  an  enemy  than  the  river  would 
be.    Its  extension  is  therefore  deemed  unnecessary. 

The  average  cost  of  the  projected  canal  would  be  about  $12,000,0005 
and  after  a  careftd  examination  of  the  estimated  cost  of  the  several  pro- 
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jects  as  given  in  detail  in  Colonel  Blunt's  rei)ort,  it  appears  to  be  proba- 
ble that  they  coiild  not  be  executed  for  less  sums  than  those  estimated. 
(See  Appendix  E  10.) 

SURVEY  OP  WILSON  HARBOR,  (TWELVE-MILE  CREEK,)  NEW  YORK. 

A  special  report  of  this  survey,  with  an  estimate  for  the  cost  of  the 
improvement,  was  made  on  the  11th  of  March  last,  in  compliance  with 
the  resolution  of  the  House  of  Kepresentatives,  dated  February  26, 1868. 

This  harbor  is  situated  12  miles  east  of  the  Niagara  river  and  six  miles 
west  of  the  harbor  of  Olcott.  At  the  latter  there  has  been  ai)propriated 
$60,000,  which  is  now  being  expended. 

Private  parties  have  built  piers  at  Wilson  which  afford  a  depth  of  six 
or  seven  feet  into  the  harbor,  but  to  make  a  suitable  harbor  an  expeudi- 
ture  of  $155,000  would  probably  be  required.  Should  it  become  the  ter- 
minus of  a  canal  around  the  falls  of  Niagara,  a  harbor  would  be  indis- 
pensable at  this  locality. 

A  report  made  in  1854,  with  plan  and  estimates  for  a  harbor  at  Twelve- 
mile  creek,  will  be  found  printed  in  Ex.  Doc.  62,  33d  Congress,  1st  ses- 
sion. 

(See  Appendix  E  11.) 

HARBORS  ON  LAKE  CHAMPLAIN. 

The  works  of  improvement  on  this  lake  were  in  charge  of  Brevet 
Colonel  C.  E.. Blunt,  lieutenant  colonel  corps  of  engineers,  untilJanuary, 
1868,  when  they  were  placed  imder  the  direction  of  Brevet  Lieutenant 
Colonel  J.  W.  Barlow,  captain  corps  of  engineers. 

1.  Plattshurg  harbor j  Net€  York. 

The  repairs  of  the  breakwater  were  completed  under  the  direction  <rf 
Colonel  Blunt. 

The  remaining  improvement,  which  consists  in  dredging  out  the  sboal 
lying  between  the  breakwater  and  the  wharves  to  the  depth  of  nine 
feet,  has  been  conducted  by  Colonel  Barlow. 

The  extension  of  the  breakwater  northwardly  some  300  feet  and  the 
revetment  of  the  bank  of  the  government  reservation  have  been  recom- 
mended to  meet  the  increasing  commercial  interests  of  the  harbor. 

The  balance  available  for  digging  is  $6,000.  A  fiirther  appropriation 
to  complete  the  dredging  is  required  of  $20,000,  which  may  be  profitably 
expended  next  season. 

(See  Appendix  F.) 

2,  Burlingtou  harbory  Ve^^numU 

The  charge  of  this  harbor  was  transferred  by  Colonel  Blunt  to  Colonel 
Barlow  December  12, 1867.  The  contracts  for  labor  and  material  after 
serious  delays  have  been  finally  entered  into,  and  considerable  progress 
has  been  made. 

The  plan  recommended  by  the  board  of  engineers,  and  adopted  for  the 
improvement  is  to  extend  the  present  breakwater  northwardly  1,200  feet, 
making  the  entire  length  2,660  feet. 

The  extension  is  being  made  by  cribs  of  timber,  rectangular  in  cross 
sections,  having  abase  of  30  feet,  and  a  height  of  4^  feet,  ballasted  with 
stone. 
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The  estimated  cost  of  extension $333, 442  00 

The  amount  available  July  1,  1867 107, 072  20 

The  amouut  expended 17, 254  6Q 

The  amount  available  July,  1868 90, 417  54 

And  all  under  contract. 

The  further  appropriation  of  $75,000  is  required  for  the  next  fiscal 
vear. 

m 

(See  Appendix  F 1.) 

SURVEYS  A:NT)  IMPROVEMENTS  OF  THE  UPPER  MISSISSIPPI,  MINNESOTA, 
AND  WISCONSIN  RIVERS,  AND  INVESTIGATIONS  RELATIVE  TO  BRIDG- 
ING  THE   MISSISSIPPI  AND  OHIO  RIVERS. 

OflBcer  in  charge,  Brevet  Major  General  G.  K.  Warren,  major  corps  of 
^igineers,  having  under  his  orders  Brevet  Major  C.  E.  Snter,  captain 
earp8  of  engineers,  and  H.  C.  Long,  United  Stiites  civil  engineer. 

Surveys  and  maps  of  the  Mississippi  river. 

Owing  to  continued  high  water  in  1867  but  little  was  done  in  surveys 
before  Ist  October.  From  12th  June  to  28th  November  (at  which  last 
date  the  river  was  closed  by  ice)  a  party  was  engaged  measuring  the 
river. 

Of  the  river  surveyed,  19J  miles  were  resun^eys  of  the  work  of  1866, 
to  determine  changes  in  the  bed  and  banks,  and  rate  of  progress. 

These  surveys  have  all  been  platted,  and  the  plats  reduced  to  a  scale 
of  two  inches  to  the  mile,  and  transferred  to  the  map  on  that  scale, 
extending  from  the  Falls  of  St.  Anthony  to  the  mouth  of  the  Ohio,  com- 
bining in  this,  with  the  Land  Office  siu-veys  a«  abasis,  all  the  information 
obtained. 

An  examination  was  also  made  from  the  mouth  of  the  Des  Moines  to 
the  mouth  of  the  Ohio,  to  determine  the  exact  position  of  the  bluft's,  and 
eonnect  the  Land  Office  surveys  of  the  two  sides  of  the  river. 

Survey  and  maps  of  the  Wisconsin  river. 

This  survey,  under  Brevet  Major  Suter,  corps  of  engineers,  was  com- 
Boioed  August  26,  and  finished  November  6. 

Surveys  and  maps  of  the  Minnesota  river. 

An  examination  was  made  of  this  river  in  1867,  from  Lac  Traverse  to 
it§  mouth  to  determine  the  character  of  the  terraces  and  of  the  main 
blofin. 

Surveying  outfit  consists  of  two  large  flat-boats,  fitted  up  for  quaiters, 
and  about  25  small  row-boats  and  skifi's.  It  is  recommended  by  the 
olfifier  in  charge  that  a  small  propeller  be  added  for  the  Mississippi  above 
the  rapidi^  at  a  cost  of  about  83,000. 

Additional  surveys. 

It  is  believed  no  further  surveys  will  be  required  on  the  Minnesota  and 
Wiaconsin  rivers,  except  in  soniQ  limited  spaces.  There  is  a  necessity 
tor  completing  the  survey  of  the  Mississippi,  so  as  to  present  a  con- 
fauous  map  from  the  Falls  of  St.  Anthony  to  Eock  island  rapids.    This 
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would  require  $30,000  for  the  sur\'ey  and  finishing  the  maps.  The 
examination  and  survey  of  the  river  above  the  falls  will  require  $10,000. 
Some  additional  measurements  are  ne(*^ssary  to  complete  the  collection 
of  material  relating  to  bridging  the  JMississiiipi  river,  and  completing 
maps  and  diagrams,  whi(ih  will  require  $6,000.  It  is  deemed  important 
that  these  examinations  and  surveys  should  be  vigorously  prosecuted. 

Improvement  of  the  river. 

The  obstructions  along  the  main  trunk  streams  are  generally  sand-bars, 
and  as  this  sand  extends  down  to  great  depths  the  only  economical 
improvements  are  dredging  out  the  sand-bars,  constructing  wing  dams 
to  force  the  water  to  cut  them  out,  and  side  canals  with  locks.  The  Min- 
nesota river,  particularly  in  its  upi>er  course,  is  more  favorable  for  dams 
and  locks. 

Brid{jfing  the  Mississippi  river. 

The  gre^t  trough  of  the  ancient  Mississippi  widens  as  we  descend 
from  one  mile  at  St.  Paul  to  ten  miles  at  St.  Louis.  As  the  broad  low 
valley,  however,  renders  the  construction  of  high  bridges  very  expensive, 
(h^awbridges  have  so  far  been  adojited. 

The  crossing  of  the  Mississippi  by  a  railroad  bridge  which  shall  not 
obstruct  navigation  is  a  serious  undert^iking ;  no  bridge  has  yet  been 
built  that  can  claim  to  be  of  that  character.  This  part  of  the  detailed 
report  is  being  prepared  with  great  care  to  meet  the  wants  of  future 
legislation.  Suggestions  are  made  by  General  Warren  relative  to  the 
foundations  of  bridges  based  upon  his  own  deductions,  and  information 
received  from  several  bridge  engineers  on  the  river. 

(See  Appendix  G.) 

Bridging  the  Ohio  river. 

An  examination  was  made  of  the  Steubenville  bridge  in  June  last, 
and  a  report  made  upon  it  to  this  office,  with  an  estimate  for  building  a 
high  bridge  with  500  feet  span.  This  report  shows  that  a  defective 
location  reduces  the  300  feet  span  which  exists,  as  provided  by  law,  to 
250  feet  width  only  for  na\igation.  A  draught  of  provisions  required  to 
secure  to  na\dgation  the  full  benefit  of  the  passage  way,  sis  fixed  by  law, 
&c.,  in  future  constructions,  accompanies  this  report. 

The  Ohio  river  is  more  favorable  in  all  resiMJcts  for  continuous  high 
bridges  than  the  Mississippi.  The  pools  in  the  river  afford  the  best  loca- 
tions for  bridges  to  accommodate  navigation. 

(See  Appendices  G  and  G  3.) 

Improvements  on  the  u]^er  Mississippi  river. 

The  sum  of  $96,000  was  appropriated  for  the  constniction  of  two 
dredge  and  snag  boats  on  the  upper  Mississippi,  and  for  working  them 
one  year.  The  officer  in  charge  reported  in  April,  1868,  that  there 
remained,  with  the  two  boats  purchased,  $20,181  39  unexi)ende^,  which 
would  be  required  before  the  end  of  the  year  for  repairs,  &c.  He  esti- 
mates that  $36,000  would  be  required  to  continue  them  in  service  during 
the  coming  year.  These  boats  were  found  to  work  satisfactorily,  and  it 
is  considered  important  that  they  should  be  kept  in  service.  The  officer 
in  charge  believes  that  an  increased  depth  of  one  foot  is  as  great  aa 


REPORT  OF  THE  SECRETARY  OF  WAR.  51 

alleviataon  as  can  be  relied  on  by  scraping  without  a  disproportionate 
expense,  and  in  certain  localities  that  it  would  probably  be  necessary  to 
resort  to  wing  dams  and  jettees;  these  dams  to  be  applied  according  to 
the  i>eculiar  requirements  of  the  river.  He  recommends  an  appropriation 
of  $25,000  to  test  this  kind  of  improvement  at  two  localities,  and  that  a 
provision  should  be  inserted  in  the  bill  to  allow  the  engineer  in  charge  of 
the  work  certain  discretion  in  regard  to  closing  channels,  &c. 

The  oi>erations  of  the  boats  during  the  months  of  July  and  August 
were  very  satisfactory. 

The  period  of  low  water  came  unusually  early  this  season,  and  at  first 
stopped  the  large  boats  from  running.  The  dredge  boats  were  at  the 
time  undergoing  repairs  and  alterations  to  fit  them  for  snagging.  The 
Caffirey  wa«  hastily  fitted  up  for  scraping,  and  put  to  work  upon  the 
bars;  and  although  she  had  to  perform  double  duty,  she  restored  navi- 
gation for  the  largest  boats  and  has  maintained  it  ever  since.  The  offi- 
cer in  charge  states  that  the  steamboat  owners  became  so  satisfied  of 
her  usefulness  that  they  obtained  the  use  of  an  extra  scraper  to  put  on 
one  of  their  own  boats  and  work  at  their  own  exi)ense  between  Keokuk 
and  St>  Louis. 

The«e  boats  may  be  regarded  as  a  success  in  so  far  that  they  have 
enabled  the  largest  steamboats  to  reach  St.  Paul  two  consecutive" years, 
when  they  would  otherwise  have  been  compelled  to  lay  up,  and  justifies 
tlie  recommendation  for  an  appropriation  to  continue  their  operations 
the  ensuing  year. 

The  steamboats  Montana  and  C.  I.  Caifrey  were  purchased  in  1867 
for  130,000  and  $8,500  respectively. 

For  continuing  the  improvement  of  the  upper  Mississippi  river  during 
the  next  fiscal  year  there  is  required  $65,000. 

(See  Appendices  G  and  G  1.) 

Improving  the  Minnesota  river^ 

An  advertisement  was  inserted  in  ten  leading  western  and  northwest- 
ern newspapers  for  proposals  for  removing  snags  and  boulders  from  the 
above  river,  in  answer  to  which  six  proposals  were  received.    The  con- 
tract was  given  out  and  an  assistant  was  appointed  to  superintend  the 
work.    In  prasecuting  operations  during  the  season  of  1867,  the  work 
was  frequently  impeded  by  leaning  trees  on  the  banks,  which  were  liable 
to  be(;ome  stiU  greater  obstacles  by  being  washed  into  the  river.    There 
were  also  in  the  ravines  and  along  the  banks  of  the  tributaries  a  large 
number  of  trees,  which  the  next  high  water  would  bring  into  the  Min- 
nesota^   As  the  removal  of  these  obstacles  did  not  come  within  the  con- 
tract, a  party  of  axemen  was  employed  during  the  winter  months  cutting 
these  out.    Of  $37,500  appropriated  for  this  work  $28,289  15  ha«  been 
expended,  and  the  balance,  $9,210  85,  will  all  be  expended,  with  favor- 
able weather,  this  season ;  and,  it  is  believed,  will  nearly  clear  the  river 
as  far  up  as  Mankato.    An  additional  appropriation  of  $20,000  is  asked 
to  carry  on  the  work  above  that  place, 

An  appropriation  of  $30,000  is  also  solicited  to  make  a  practicable 
passage  at  the  Little  Falls. 

(See  Appendix  G.) 

Wisconsin  river. 

This  improvement  is  intended  to  form  part  of  a  line  of  communication 
by  steamers  from  the  Mississippi  river  by  way  of  the  Wisconsin  river. 
Upper  Fox,  Lake  Winnebago  and  Lower  Fox  river  to  Green  Bay,  and 
thence  with  the  lakes. 
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General  Warren,  in  his  report  of  April  8, 1868,  expressed  himself  in 
favor  of  an  improvement  of  the  river,  by  dams,  jettees,  revetments,  &c., 
of  brush  and  stone  m  connection  with  dredging,  in  preference  to  a  canal 
along  the  banks  or  to  locks  and  dams  in  the  river. 

The  question  as  to  kind  of  improvement  will  mainly  turn  upon  the 
making  of  a  3  feet,  4  feet,  or  5  feet  navigation,  at  a  cost,  respectively,  of 
$500,000^  $3,250,000  and  $4,300,000  nearly,  as  appears  in  his  annual 
report  ot  the  present  year,  herewith  api)ended. 

As  much  experience  is  yet  to  be  acquired.  General  Warren  recom- 
mended in  his  April  report  an  appropriation  of  $50,000,  which,  with  the 
balance  on  hand,  would  enable  him  to  test  this  method  of  improvement 
more  fully  than  has  yet  been  done. 

In  the  absence  of  a  decision  by  Congress  upon  these  projects,  an  esti- 
mate for  the  next  fiscal  year  is  recommended,  (to  be  applied  to  the 
experimental  improvement  of  the  river  by  wing  dams  and  by  the  use  of 
the  Long  scraper,)  of  $50,000. 

Public  importance  of  tliese  river  improvements. 

In  presenting  the  general  considerations  on  this  subject,  the  moving 
of  the  wheat  crop  has  been  mainly  kept  in  view  by  the  officer  in  charge, 
but  in  no  case  does  this  show  more  than  half  of  the  benefit  to  an  improved 
navigation  that  would  result  from  transportation  of  all  products  com- 
bined. 

Statistics  and  estimates  are  given  of  the  product  of  the  wheat-growing 
country  and  the  relative  cost  of  railway  and  water  transi>ortation,  show- 
ing that  many  millions  of  dollars  would  be  saved  to  producers  and  con- 
sumers by  water  transpoitation,  were  it  as  good  as  it  is  capable  of  being 
made,  under  the  plans  of  improvement  suggested.  It  is  probable  that 
the  development  of  the  resources  of  the  new  States  will  be  so  rapid  in 
all  the  wheat-growing  region  that  all  the  proposed  means  of  transx>orta- 
tion  will  be  wanted  as  fast  as  they  can  be  made  available. 

Harbor  at  Altony  Illinois. 

The  report  upon  the  survey  of  this  harbor,  made  under  the  direction 
of  Brevet  Major  General  G.  K.  Warren,  by  H.  C.  Long,  United  States 
civil  engineer,  which  was  called  for  by  resolution  of  the  House  of  Repre- 
sentatives of  April  13,  1868,  will  be  found  in  Appendix  G  2. 

IMPRO\rEMENT  OF  THE  DES  MOINES  AND  ROCK  ISLAND  RAPIDS  OF  THE 
MISSISSIPPI  RIVER,  AND  THE  SURVEY  OF  THE  ILLINOIS  RIVER  FROM 
LAKE  MICHIGAN  TO  ITS  MOUTH. 

Officer  in  charge  Brevet  Major  General  James  H.  Wilson,  United 
States  army,  lieutenant  colonel  35th  infantry,  having  under  his  orders 
Brevet  Major  Charles  J.  Allen,  United  States  army,  captain  corps  of 
engineers;  L.  Cooper  Overman,  captain  cori)8  of  engineers;  F.Hoffman, 
second  lieutenant  35th  infantry- ;  and  Daniel  C.  Jenn^,  United  States 
civil  engineer. 

1.  Improvement  of  tJie  Des  Moines  rapids  of  the  Mississippi  river. 

Proposals  were  invited  September  4,  1867,  for  excavating  the  prism, 
and  for  constructing  the  embankment  wall  of  the  canal,  or  for  as  much 
thereof  as  the  amount  then  appropriated,  namely,  $700,000,  would  pay 
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for.    Contract  for  the  work  was  awarded  to  W.  Hennegan  &  Son,  the 
lowest  bidders,  and  concluded  on  the  25th  of  the  same  month.    Amount 
expended  under  this  contract  up  tx)  and  including  June  30, 18G8,  $103,020. 
Proposals  for  materials  and  labor  for  the  construction  of  the  locks 
were  invited  Februarj^  27, 1868,  and  the  awards  made  to  the  lowest  bid- 
ders for  the  difterent  classes  of  materials  and  labor  May  2,  with  instruc- 
tions to  contract  with  the  same  whenever  funds  should  be  made  avail- 
able, and  upon  their  complying  with  the  requirements  of  the  law.    No 
contracts  under  this  letting  had  been  entered  into  at  the  close  of  the  fis- 
cal year,  but  under  the  allotment  to  this  work  from  the  recent  appropria- 
tions a  contract  for  the  lower  lock  was  entered  into. 

Amount  appropriated  June  23,  1866 $200, 000  00 

Amount  appropriated  March  2,  1867 500, 000  00 

Total 700, 000  00 

Amount  required  for  completion  of  the  work $1, 480, 000  00 

Amount  required  for  next  fiscal  year 850, 000  00 

Allotment  fix)m  general  appropriation 300, 000  (K) 

Balance  to  be  appropriated  for  next  fiscal  year 550, 000  00 

(See  Appendices  H  and  H  1  to  H  6,  inclusive.) 

2.  Improvement  of  tlw  Rock  Island  rapiiU  of  the  Mississippi  river. 

Additional  surveys  were  made,  and  about  100,000  soimdings  taken, 
from  which  very  accurate  charts  of  the  river  bed  were  project4?d.  This 
was  deemed  necessary  in  order  to  obtain  such  minute  information  as  to 
seciu^  accuracy  in  laying  out  the  work  and  determining  the  extent  and 
character  of  the  improvement,  the  surveys  made  during  the  fall  of  1860 
being  necessarily  imperfect  and  wanting  in  detail,  on  account  of  the 
limited  time  and  means  at  the  disposition  of  the  otficer  in  charge  of  tin* 
work. 

Operations  under  the  contract  of  C.  G.  Case  &  Co.  were  not  com- 
menced until  Sei)tember  18,  owing  to  the  high  water  and  the  difficulty 
of  procuring  such  machinery  as  was  necessary;  3,898  cubic  yards  of  rock 
were  removed  during  the  fall  of  1867  and  sjuing  of  1868  from  Duck  Creek 
chain. 

Proposals  for  continuing  this  work  were  invited  May  18,  and  the  con- 
tract awarded  to  C.  G.  Case  &  Co.,  (the  old  contractors,)  with  whom  the 
officer  in  charge  was  directed  to  enter  into  contract  as  soon  as  an  appro- 
priation was  made  by  Congress. 

No  contracts  were  made  i)rior  to  June  23,  1868.  Under  the  allotment 
to  this  work  from  the  recent  appropriations,  a  contract  was  entered  into 
and  the  work  is  progiessing. 

Amount  appropriated  June  23, 1866 $100, 000  00 

Amount  appropriated  March  2,  1867 200, 000  00 

Ajuount  of  allotment  August,  1868 156, 000  00 

Total 456, 000  00 

Amount  required  for  completion  of  the  work $304, 000  00 

Amount  required  ton  next  fiscal  year 304, 000  00 

(See  Appendices  H  and  H  7  to  11  12,  inclusive.) 
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3.  Survey  of  the  Illhiois  river. 

The  act  of  March  2,  1867,  authorized  the  continuation  of  the  sim'ey 
of  the  Illinois  river,  with  a  view  to  a  deep-water  connection  with  Lake 
Michigan. 

The  survey  was  commenced  early  in  June  under  the  direction  of  a 
board  consisting  of  Brevet  Major  General  James  H.  Wilson,  United 
States  army,  lieutenant  colonel  35th  infantry,  and  Mr.  William  Gooding, 
United  States  civil  engineer. 

A  detailed  and  exhaustive  survey  of  the  country  between  Lake  Mich- 
igan and  La  Salle,  and  a  low-water  survey  of  the  river  from  La  Salle  to 
its  mouthy  wa«  made,  resulting  in  a  recommendation  to  widen  and  deepen 
the  Illinois  and  Michigan  canal  from  Bridgeix)rt  to  the  head  of  I^ake 
Joliet,  with  the  exception  of  a  section  of  about  llj  miles  between  Sum- 
mit and  "The  Sag,"  where  it  will  be  cheaper  to  excavate  a  new  canal. 

From  Lake  Joliet  the  line  will  follow  the  bed  of  the  river,  the  c^)n- 
struction  of  a  piece  of  independent  canal,  to  pass  the  Grand  Eapids  of 
the  Illinois  river,  striking  the  river  again  at  or  below  Ottow.a,  being 
necessary ;  thence  to  tlic^  numthof  the  river,  the  navigation  is  to  be  secured 
by  a  system  of  locks  and  dams.  The  width  of  the  canal  to  be  not  less 
than  160  feet ;  the  depth  six  feet  below  the  lowest  known  level  of  the 
w^ater  in  Lake  Michigan.  The  locks  to  be  350  feet  long  between  the  gates, 
and  75  feet  wide  in  the  chamber,  and  to  give  a  minimum  draught  of 
seven  feet ;  the  slack  w  ater  in  the  river  to  be  at  least  seven  feet  in  the 
lowest  water. 

The  estimated  cost  of  the  improvement  from  Lake  Michigan  to  the 
mouth  of  the  Illinois  river,  is  $18, 217, 242  56. 

The  amount  of  $85,000  was  alloted  to  the  Illinois  river  from  the  gen- 
eral a]>propriation  of  $1,500,000,  to  be  applied  to  the4mi)rovement  of  the 
river  from  La  Salle  to  its  mouth.  This  amount,  however,  was  found  to 
be  inadequate  for  the  commencement  of  the  plan  of  improvement  recom- 
mended by  the  board  of  engineers,  where  the  least  cost  of  a  lock  and 
dam  at  any  of  the  designated  points  below  La  Salle  is  estimated  in  round 
numbers  at  $300,000.  The  lock  and  dam  should  be  built  simiUtaneously, 
and  no  general  system  of  improvement  of  this  river  by  locks  and  dams 
should  be  begun  until  money  enough  has  been  provided  to  complete  and 
open  for  use  at  least  one  lock  and  dam.  In  consideration  of  the  difficul- 
ties and  magnitude  of  the  improvement  it  is  not  deemed  practicable  t-o 
begin  with  a  less  sum  than  $300,000,  which  can  be  profitably  exx)ended 
next  year. 

Cost  of  improvement  from  La  Salle  to  the  mouth  of  Illinois 

river $1, 953,  600  00 

Required  for  next  fiscal  year 300, 000  00 

(See  Api)endices  H,  H  13,  and  H  14.) 

Railroad  levee  on  west  side  of  Mississippi  river. 

Tlie  Committee  on  Freedman's  Affairs  in  the  House  of  Representatives 
having,  through  its  chainnan,  requested  information  concerning  a  pro- 
ject for  constructing  a  railroad  along  the  bank  of  the  Mississippi  river, 
from  the  mouth  of  the  St.  Francis  river,  to  a  point  west  of  Giraixieau, 
the  bed  of  the  road  to  be  used  as  a  levee,  &c.,  tlie  subject  was  referred 
to  Brevet  Brigadier  General  H.  L.  Abbot,  major  corps  of  engineers,  for 
a  report,  he  being  possessed  of  the  requisite  information,  from  his  con- 
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nection  with  the  surveys  and  investigations  made  in  1857-'61,  for  deter- 
mining the  most  practicable  plan  for  securing  the  alluvial  banks  of  thi» 
Mississippi  from  overflow,  and  with  later  examinations  of  the  levees  of 
the  Mississippi  in  1865-'66. 

I  concur  with  General  Abbot  in  the  views  he  has  taken  of  this  project. 
See  his  report. 

(Appendix  H  A.) 

IMPROVEMENT  OF  THE  MOUTH  OF  THE  MISSISSIPPI ;  SURVEY  OF  GAL- 
VESTON HARBOR,  TEXAS,  AND  SURVEY  OF  PASS  AND  BAYOU  MANCHAO 
AND  AMITE  RIVER,  LOUISIANA. 

Officer  in  charge.  Brevet  Brigadier  General  M.  I).  McAlester,  nuyor 
corps  of  engineers,  having  under  his  orders  Brevet  Major  W.  J.  Twining, 
captain  corps  of  engineers,  and  First  Lieutenants  D.  W.  Payne,  W.  S. 
Stanton,  and  M.  K.  Brown,  corps  of  engineers. 

1.  Survey  of  Pass  and  Bayou  Manchac  and  Amite  river ^  Louisiana,, 

with  a  view  of  determining  the  feasibility  of  establishing  first  class 
steamboat  navigation  on  that  line,  between  the  Mississippi  river  and 
Lake  Pontchartrain. 

The  charts  and  plans  appertaining  to  this  survey  were  completed  in 
tlie  month  of  December,  1867,  and,  with  the  report  dated  January  9, 
1868,  were  received  during  the  latter  month.  They  were  submitted  to 
('ongress. 

(^  Appendices  I  and  I  3.) 

2.  Survey  of  Oalveston  harbor j  TexaSj 

with  a  view  of  forming  a  plan  for  its  preservation  and  improvement. 

This  survey  has  been  completed,  and  a  full  report  thereof,  dated  June 
9, 1868,  received,  with  acx^ompanying  documents,  charts  and  phms.  It 
was  duly  transmitted  to  Congress. 

(See  ApiHjndices  I,  I  4,  and  I  5.) 

3.  Improvement  of  tlie  mouth  of  the  Mississippi  river. 

On  the  13th  of  September,  1867,  proposals  for  constructing  and  deliv- 
ering the  authorized  dredge-boat,  designed  for  deepening  the  channels, 
were  oiieued.  Only  two  proposals  were  presented,  which  were  unaccept- 
able, since  they  exceeded,  not  only  the  careful  estimate  of  tlie  cost  of 
building  and  delivering  the  vessel,  but  also  the  amount  of  funds  available. 
Both  were  therefore  rejected,  and  notice  issued  anew.  Five  proposals 
were  received,  and  the  contract  was  awarded  to  the  "  Atlantic  Works,'' 
of  East  Boston,  Massa<;hu8etts.  The  contract  and  bond  were  executed 
on  the  15th  of  October. 

On  the  17th  of  October  First  Lieutenant  D.  W.  Payne,  c^rps  of  engi- 
neers, was  assigned  as  inspector  of  the  dredge-boat  at  Boston,  in  order 
to  secure  a  faithfid  performance  of  the  contract. 

Delays  occurred  in  the  construction  of  the  steamer,  and  in  her  deliv- 
ery, arising  chiefly  from  the  novelty  of  construction,  and  she  did  not 
i-each  Kew  Orleans  until  July  of  this  year. 

Tliis  steamer  is  now  employed  ui>on  Pass  ti  TOutre,  and  exceeds  the 
anticipations  that  were  formed  of  her  effectiveness,  having  in  12  hours 
work  increased  the  depth  over  the  bar  from  11  to  14  feet,  on  a  width 
sufficient  for  the  passage  of  a  steamer. 
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The  following  amount  can  be  profitably  expended  upon  the  work 
during  the  present  and  next  fiscal  year,  for  providing  the  second  of  the 
two  dredge- boats  authorized  by  Congress : 

Joint  resolution,  approved  March  22, 1867 $275, 000  00 

Working  expenses  and  repairs 100, 000  00 

375, 000  00 

(See  Appendices  I,  1 1,  and  I  2.) 

Survey  of  the  northwest  channel  from  Key  West  to  the  Oulfof  Mexico. 

This  survey  was  made  in  compliance  with  a  letter  from  the  Secretary 
of  the  Tieasury,  of  January  29,  1808,  enclosing  from  the  Senate  Com- 
mittee on  Commerce  petitions  from  citizens  of  Key  West,  and  of  the 
city  of  New  York,  praying  that  surveys  might  be  ordered  and  appropria- 
tions made  for  the  improvement  of  this  channel.  Colonel  and  Brevet 
Brigadier  General  J.  H.  Simpson,  corps  of  engineers,  under  w  hose  direc- 
tion the  siu*vey  was  made  by  Lieutenant  William  R.  Livermore,  corps  of 
engineers,  during  the  months  of  March  and  April  last,  concurs  \\ith  the 
petitioners  with  regard  to  the  importance  of  opening  this  channel  by 
dredging,  believing  the  project  practicable. 

He  recommends  opening  a  channel  300  feet  wide,  18  feet  deep,  and 
9,000  feet  long,  and  estimates  that  for  these  dimensions  .about  262,800 
cubic  yards  of  material,  a  rather  fine  compact  coral  sand,  will  have  to 
be  removed.  Owing  to  the  exposed  position  of  this  channel,  there  will 
probably  be  not  more  than  90  working  days  in  the  year,  from  the  neces- 
sity of  having  tolerably  calm  weather  for  the  work.  He  therefore  esti- 
mates that  it  would  require  four  years  for  one  steam  dredge  to  complete 
the  work,  and  the  cost  at  about  $106,000.  Should  two  dredge-boats  be 
employed,  the  work  would  be  completed  in  half  the  time ;  but  this  esti- 
mate should  be  increased  by  the  cost  of  the  additional  dredge,  less  some 
minor  items,  tx),  say,  $217,000. 

(See  Appendix  I  A.) 

SHIP  CANAL,  AROUND  THE  FALLS  OF  THE  OIHO,  AND  SURVEY  OF  THE 

TENNESSEE   RIVER. 

Oflflcer  in  charge,  Brevet  Major  General  G.  Weitzel,  major  corps  of 
engineers. 

1.  Survey  and  plans  for  a  ship  canal  around  the  falls  of  the  Ohio. 

This  survey,  provided  for  by  resolution  of  Congress  of  March  29, 1867, 
was  begun  in  July,  1867,  and  the  special  report  thereon  transmitted  to 
Congress  February  20, 1868. 

The  recommendation  of  the  officer  in  charge,  relative  to  the  best 
route  for  a  ship  canal  on  the  Indiana  side,  as  to  the  manner  and  cost  of 
completing  the  enlargement  of  the  Louisville  and  Portland  canal,  and 
the  construction  of  the  two  dams  at  the  head  and  foot  of  the  falls,  were 
concurred  in.    For  details  of  these  plans  see  Appendix  G. 

Subsequently,  and  until  the  end  of  the  present  fiscal  year,  he  has  been 
engaged  in  arranging  the  details  of  the  plans,  and  preparing  specifica- 
tions and  drawings  of  the  work. 

In  the  course  of  these  studies  it  was  found  that,  in  all  probability,  a 
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Strong  crib  dam  would  be  better  than  a  masonry  dam,  across  the  crest 
of  the  rocks  in  front  of  Louisville,  to  raise  the  low  water  mark  three 
feet.    This  change  has  accordingly  been  made  in  the  plan. 

A  change  has  also  been  made  in  the  lift  of  the  lock,  in  the  dam  pro- 
posed to  be  built  across  the  head  of  Falling-run  pool.  With  these 
changes  the  engineer  in  charge  submits  the  following  estimates : 

For  Louisville  and  Portland  canal  extension $933, 500  00 

For  new  canal  on  the  Indiana  side '. 3, 470, 000  00 

For  two  dams  and  one  lock 415, 000  00 



4,  818, 500  00 


If  no  new  canal  is  built  on  the  Indiana  side  the  total  would  be  as  fol- 
lows: 

Louisville  and  Portland  canal  extension $933, 500  00 

Two  dams  and  one  lock 310, 000  00 

1, 243, 500  00 
Required  for  next  fiscal  year 400, 000  00 


Under  the  allotment  to  this  work  from  the  recent  appropriation  Gen- 
eral Weitzel  has  been  authorized  to  construct  the  dam. 
(See  Appendices  J,  J  1,  and  J  2.) 

2.  Survey  of  tlie  Tenneasee  rirer^  with  a  view  to  its  improvement. 

The  reiK)rt  of  this  survey  was  transmitted  to  Congress  March  2,  18C7, 
with  estimates  of  the  probable  cost  of  the  various  plans  recommended 
for  the  removal  of  the  obstacles  to  the  navigation  of  the  river. 

The  several  plans  presented  involve  an  expenditure  of  more  than 
14,000,000.  They  include,  in  addition  to  the  removal  of  bars,  letlges, 
and  bouldei^s,  and  the  construction  of  wing  and  lateral  walls,  a  canal  of 
about  11  miles  in  length  around  Elk  liver  shoals.  Another  of  four  and 
a  half  miles  around  the  Little  Muscle  shoals,  both  to  be  100  feet  wide 
and  six  feet  deep,  with  locks  300  feet  by  70  feet,  and  the  enlargement  to 
the  same  dimensions  of  the  old  canal,  built  in  1835,  by  the  State  of 
Alabama,  around  the  Muscle  shoals. 

The  Elk  river  shoals,  the  two  Muscle  shoals,  and  Colbert's,  all  between 
Brown's  ferry,  35  miles  above  Florence  and  Waterloo,  30  miles  below  it, 
are  navigable  for  only  one  month  in  the  year,  and  are  then  difficult  and 
dangerous.  They  constitute  the  only  formidable  obstructions  on  the 
river  below  ChattJinooga,  and  if  overcome  would  open  a  navigation  for 
nine  months  in  the  year  throughout  the  whole  length  of  the  Tennessee* 
river,  and  upon  many  of  its  tributiiries.  All  other  impediments  are  not 
insurmountable  at  most  stages  of  the  water. 

The  enlargement  of  the  old  canal  being,  therefore,  of  the  first  import- 
ance in  connection  with  the  removal  of  the  obstructions  in  the  river, 
General  Weitzel  suggests  an  appropination  of  $500,000  for  the  next  fiscal 
year  to  be  expended  ujyon  that  work. 

Under  the  allotment  to  this  river  from  the  recent  appropriations 
General  Weitzel  was  directed  to  commence  the  works  between  its  mouth 
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and  Florence  and  between  Chattanooga  and  Decatur.     To  complete 
these  improvements  there  will  be  required  for  the  next  fiscal  year  $40,000. 
(See  Appendices  J  3,  J  4,  J  5,  J  6.) 

IMPROVEMENT  OP  WESTERN  RIVERS,  EXCEPTING  TIIE  OHIO. 

1.  Construction  of  snag-boats  and  machinery. 

Officer  in  charge  Colonel  J.  N.  Macomb,  corps  of  engineers,  having 
under  his  orders  Brevet  Major  C.  W.  Howell,  captain  coqjs  of  engineers. 

At  the  date  of  the  last  annual  rei)ort  the  work  upon  these  improve- 
ments was  principally  of  a  preparatory  character.  The  three  snag-boats, 
J.  J.  Abert,  S.  H.  Long,  and  E.  E.  De  Eussy,  were  not  launched  until 
December  last,  as  the  water  in  the  Ohio  river  was  too  low  to  admit  of 
the  launching  at  an  earlier  period. 

The  distinctive  feature  of  these  boats  consists  in  having  the  maehinery 
for  pulling  snags  independent  of  that  for  driving  the  paddle  wheels,  and 
this  has  proved  to  be  as  important  and  useful  as  was  anticipated. 

The  engineer  in  charge  reports  that  the  test  fully  realized  his  antici- 
pations, and  that  the  changes  from  the  old  plan  have  been  found  to  be 
great  improvements.  The  experience  which  has  been  gained  since  the 
commencement  of  the  present  working  season  shows  where  some  improve- 
ments may  be  made  in  matters  of  minor  detail,  and  justifies  the  adherence 
to  the  general  plan  and  principle  of  the  double  hulled  snag-boat  with 
independent  machinery  for  pulling  snags. 

Plans  have  been  adopted  for  a  light  draught  snag-boat  for  use  ux>on 
the  Arkansas  river;  proposals  for  the  construction  of  which  have  been 
invited. 

Advantage  will  be  taken  of  the  experience  gained  in  the  working  of 
these  boats  in  making  more  perfect  such  additional  ones  as  may  be  needed 
hereafter.  The  operations  of  the  three  double  hulled  snag-boats,  J.  J. 
Abert,  S.  H.  Long,  and  E.  E.  De  Eussy,  have  been  attended  with  very 
good  success. 

The  J.  J.  Abert  was  equipped  and  proceeded  to  her  destination  in 
March,  1868,  and  commenced  operations  in  that  part  of  the  Mississippi 
river  between  St.  Louis  and  Cairo,  where  all  snags  visible  at  the  high 
stage  of  water  then  existing  were  destroyed ;  then  proceeded  down 
the  river  below  Cairo,  and  removed  and  destroyed,  up  to  the  30th  of 
June,  1868, 158  snags  in  all,  namely:  above  Cairo  103,  aiul  below  that 
point,  55.  These  numbers  convey  a  very  inadequate  idea  of  the  labor 
performed.  It  may  be  better  appreciated  by  the  statement  that  the  total 
weight  of  snags  removed  by  the  Abert  is  2,708  tons,  exclusive  of  the 
roots,  of  which  no  exact  measure  could  be  made. 

The  steamer  S.  H.  Long  proceeded,  in  April,  1868,  to  the  Arkansas 
river,  the  field  of  operations  assigned  to  this  boat.  On  the  way  down 
the  Ohio  river  a  snag  was  successfully  raised  and  destroyed.  It  had 
been  a  danger  of  long  standing  in  the  channel  of  the  Ohio  river,  at  the 
head  of  Wabash  island.  On  her  arrival  at  the  Arkansas,  the  water  was 
found  at  a  very  high  stage ;  but  after  the  stage  of  the  water  becanu*.more 
favorable  for  operations,  there  were  removed  and  destroyed  134  snags; 
of  which  108  were  in  the  Arkansas  river,  and  26  were  in  White  liver  cut- 
off. On  the  20th  of  June,  1868,  the  water  became  too  low  for  her  safety 
in  the  Arkansas  river,  when  operations  were  commenced  in  the  Mississippi 
abrea^st  of  Ozark  island,  and  were  continued  up  the  river  towards  Mem- 
phis. Up  to  the  30th  of  June,  1868,  14  large  snags  were  removed  and 
destroyed  by  this  steamer  in  the  Mississippi  river.  The  total  weight  ot 
snags  removed  up  to  the  last  named  date  by  this  steamer  was  2,291  tons, 
exclusive  of  the  roots. 
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The  steiHner  B.  E.  De  Bussy  proceeded  to  the  Missouri  river  in  May, 
1S68,  and  commenced  opei'ations  at  the  mouth  of  the  river,  but  owing  to 
the  high  stage  of  water  but  eight  snags  were  removed,  when  she  pro- 
ceeded up  the  river,  and  up  to  the  30th  of  June,  1868,  there  were  removed 
and  destroyed  222  snags,  having  left  the  river  comparatively  fre^  from 
dangers  for  about  100  miles ;  the  weight  of  the  snags  destroyed  by  this 
Bteamer  is  2,486  tons,  exclusive  of  the  weight  of  roots.    Before  the  close 
of  the  season  300  miles  more  of  the  Missouri  will  be  cleared  of  snags,  if 
the  stage  of  water  will  admit. 
Amount  of  funds  available  on  commencing  this  work,  under 

appropriation  of  June  23,  1866 $400, 000  00 

Amount  expended  to  June  30,  1868 242, 019  98 

Leaving  available  July  1,  1868 157, 980  1)2 

which  it  is  proposed  to  expend  during  the  present  fiscal  year  ending 
June  30,  1869. 

Amount  required  for  three  additional  snag-boats,  and  for  repairs,  &c., 
to  June  30,  1870,  $218,000,  which  can  be  profitably  exi)ended  during  the 
next  fiscal  year. 

(See  Appendices  K,  K  1  to  K  12,  inclusive.) 

2.  Examinations  and  surveys  on  western  and  northwestern  rivers. 

Brevet  Major  Howell,  captain  corps  of  engineers,  made  an  exploration 
of  the  upper  Missouri  in  the  summer  of  1867.  In  May  of  the  present 
year  he  was  directed  to  organize  a  party  for  the  survey  of  the  lower  por- 
tion of  the  Missouri  upon  which  duty  he  wa«  engaged  at  the  end  of  this 
fiscal  year. 

A  party  was  sent  in  April  last  to  the  Arkansas  river,  to  make  exami- 
nations touching  all  the  dangers  to  navigation  in  that  river.  From  these 
examinations  it  is  evident  that  a  more  minute  survey  of  this  river  than 
has  heretofore  been  made  is  necessary.  This  will  be  made  without 
unnecessary  delay. 

(See  Appendix  K  13.) 

3.  Improving  the  Mississippi^  Missouri^  and  Arkansas  rivers. 

The  first  work  undertaken  during  the  fiscal  year  for  the  improvement 
of  these  rivei'S  was  the  removal,  by  blasting,  of  sunken  wrecks,  and 
other  obstructions,  in  the  vicinity  of  Memphis  and  St.  Louis,  and  with 
better  success  at  i>oints  upon  the  upper  Mississippi. 

The  steamer  Totten,  which  had  been  purchased  and  fitted  up  for  this 
service,  was  unfortunately  lost  in  December,  by  striking  a  snag,  near 
Chester,  Illinois. 

She  had  met  with  good  success,  but  had  not  the  requisite  strength  of 
hull  to  sustain  sufticiently  poweiful  machinery  for  raising  the  heavy 
pieces  detached  from  the  sunken  wrecks  by  explosion. 

The  engineer  in  charge  is  satisfied  that  the  operations  of  wrecking 
can  only  be  thoroughly  accomplished  by  having  a  boat  built  expressly 
for  such  hard  service. 

Contracts  were  entered  into  for  clearing  snags,  &c.,  from  the  Arkansas 
and  Missouri  rivers,  with  parties  furnishing  men,  boats,  and  appliances. 
The  reports  of  the  agents  appointed  to  supervise  the  work  show  a  fair 
amount  of  work  accomplished;  nevertheless  the  engineer  in  charge 
reports  that  from  his  experience  in  these  two  contracts  and  the  practical 
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working  of  the  three  new  snag-boats,  it  is  only  by  using  government 
boats,  expressly  built,  manned  and  fitted  for  this  work,  thatsueh  progress 
can  be  made  as  the  nature  of  the  work  demands. 

Amount  of  funds  available  on  commencing  this  work,  under 

appropriation  of  June  23,  1866 $366, 666  00 

Amount  expended  to  June  30, 1868 154, 161  00 

•    Leaving  available  July  1,  1868 212, 505  00 


Which  sum  will  be  nearly  expended  during  the  present  fiscal  year  end- 
ing June  30,  1869. 
Amount  estimated  as  required  under  this  head  for  the  fiscal 

year  ending  June  30, 1870 $290, 395  00 

From  which  deduct  allotment  from  appropriation  of  act  of 

July,  1868 85, 000  00 

205, 395  00 

Required  for  next  fiscal  year,  $205, 000. 

(See  Appendices  K  and  K  1  to  K  12,  inclusive.) 

River  channelers  or  excavators. 

Tlie  Secretary  of  War  having  directed  the  examination  of  Colonel  W. 
H.  Noble's  river  dredging  machine,  the  subject  was  referred  to  a  board 
of  engineers  then  in  session  upon  the  improvement  of  the  rapids  of  the 
Mississippi. 

The  report  of  the  board,  which  includes  the  examination  of  five  other 
machines  de\ised  for  the  same  object,  (by,  1,  C.  E.  Pierce ;  2,  Nelson 
Vande venter;  3,  E.  B.  Bishop;  4, Colonel  S.  H.  Long;  5,  E.  P.  Ligons,) 
will  be  found  in  Appendix  K  14. 

IMPROVEMENT.  OF  THE  OHIO  RIVER. 

In  charge  of  W.  Milnor  Roberts,  United  States  civil  engineer. 

The  two  surveying  parties  mentioned  in  the  last  annual  report  as  being 
engaged  upon  the  river  continued  their  labors  until  the  end  of  the  season, 
when  the  high  water  and  cold  weather  prevented  their  fiuther  progress. 

There  yet  remains  about  230  miles  of  the  river,  between  Louisville  and 
Cairo,  to  be  surveyed.    This  will  be  completed  during  the  present  season. 

It  was  exi)ected  that  the  several  riprap  dams,  planned  for  the  improve- 
ment of  the  low  water  navigation,  would  be  finished  before  the  close  of 
the  last  season,  but  the  almost  unprecedented  low  condition  of  the  river 
during  the  fall  prevented  the  contractors  at  som^  of  the  i)laces  from  mov- 
ing the  stone  away  from  the  quarries.  Again,  this  spring,  they  were 
delayed  by  the  high  water  stage  continuing  longer  than  usual. 

At  the  date  of  this  report  all  of  the  unfinished  contracts  were  being 
pushed  rapidly  to  completion.  As  a  whole,  it  may  b^  said  the  riprap 
dams  have  st^od  very  well. 

The  engineer  in  charge  estimates  that  $164,000  will  be  required  at  new 
points  between  Pittsburg  and  Louisville,  where  improvements  are  most 
urgently  needed.  In  some  parts  of  this  distance  communication  between 
different  points  is  confined  altogether  to  the  river,  even  in  the  worst 
periods  of  its  navigation,  so  that  the  addition  of  a  foot  or  more  to  the 
depth  of  the  river  would  afford  the  means  of  using  better  boats  for  the 
transportation  of  freight,  passengers,  and  mails  throughout  the  year. 
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The  plan  adopted  for  the  removal  of  obstructions  in  the  river  has 

proved  successful.     During  the  ptist  season,  those  snags  and  wrecks 

which  were  most  dangerous  to  navigation  w  ere  removed  for  a  distance 

of  alK)Ut  325  miles.    The  boulder  rocks  in  the  left  channel  of  Brunot's 

island  have  been  removed.     Double  crane  boat«  and  crews  were  attached 

to  each  steamer  during  the  present  season,  and  although  the  operations 

of  removing  obstnictions  w  ere  begiui  later  than  last  year,  it  is  lioped 

that,  with  this  additional  force  and  a  favorable  season,  all  the  wrecks, 

trees,  and  snags  known  to  be  dangerous  to  the  navigation  of  the  Ohio 

will  be  removed  before  the  winter  sets  in. 

The  estimate  of  the  engineer  in  charge  for  continuing  these  improve- 
ments during  the  next  fiscal  year  is $,"5()(),0()0  00 

Amount  required  for  next  fiscal  year $500, 000  00 

(See  Appendix  L.) 

SURVEY  OF  THE  POTOMAC  RIVER. 

A  survey  of  the  Potomac  river,  with  a  view  to  its  improvement,  was 
made  under  the  direction  of  Major  and  Brevet  Brigadier  General  N. 
Michler,  corps  of  engineers,  in  accordance  with  the  provisions  of  act  of 
March  2,  1867,  and  a  rex>ort  thereon  submitted. 

In  order  to  improve  the  navigation  of  the  river,  the  causeway  of  the 
Long  bridge  should  be  removed,  on  account  of  its  injurious  effect  upon 
tlie  Washington  channel ;  and  it  should,  for  the  present,  be  replaced  by 
a  roadway  upon  piles,  a«  the  least  expensive  structure,  until  the  expected 
advantage  of  such  removal  is  fully  proved.  The  bar  in  the  Virginia 
chaimel  should  be  dredged  to  a  depth  of  12  feet  and  a  width  of  200  feet, 
and  the  Washington  channel  should  be  deepened  to  the  same  depth, 
wherever  needed,  between  the  bridge  and  the  mouth  of  the  Eastern 
Branch. 

General  Michler's  recommendation  of  a  new  cut  between  Easby's 
wharf  and  the  Maryland  draw  of  the  Long  bridge  is  deemed  essential, 
with  some  modifications  in  its  size  and  curvature,  to  restoring,  as  near  as 
may  be,  the  former  navigable  condition  of  the  river.  It  should  l)e  wider, 
and  at  first  need  not  be  dredged  to  the  full  depth  he  recommends.  A 
depth  of  eight  feet  at  low  water  would  be  sufficient  for  the  first  work. 

The  obstructions  in  the  vicinity  of  Easby's  Point  should  be  removed, 
but  it  is  not  deemed  advisable  to  construct  a  breakwater  or  deflector 
across  the  Virginia  channel,  as  recommended  by  General  Michler.  The 
effects  of  the  dredging  should  be  tested  before  any  dikes  are  resorted  to. 

The  estimated  cost  of  these  improvements  is  as  follows : 

1.  For  the  removal  of  the  causeway  of  the  Long  bridge, 

and  to  replace  the  same  by  a  bridge  upon  piles $25, 000  00 

2.  For  dredging  the  Virginia  and  Washington  channels 8, 000  00 

3.  For  dredging  a  channel  8  feet  deep  and  from  250  to  300  feet 
wide,  between  Easby's  Point  and  the  eastern  draw  of  the 

Long  bridge,  say  about  300,000  cubic  yards 105, 000  00 


138, 000  00 
(See  Appendix  V  4.)  = 

nCPBOVEMENT    OF    THE    PATAPSCO,    BELOW   FORT    M'HENBY,    AND    OP 
THE  SUSQUEHANNA,  BELOAV  HAVBE  DE  GRACE. 

Officers  in  charge  Brevet  Major  General  J.  G.  Parke,  major  coi-ps  of 
engineers,  from  September^  1867,  to  June,  1868,  and  from  that  date  Brevet 
Brigadier  General  J.  H.  Simpson^  colonel  corps  of  engineers. 
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1.  Improvement  of  the  Patapsco  river ^  below  Fort  McHenry^  Maryland. 

The  general  result  of  the  last  year's  operations  has  been  the  excavatiou 
of  a  channel  from  the  Brewerton  channel  southward  past  the  Belvidere 
shoal,  having  a  general  available  width  of  500  feet,  at  low  water,  for  a 
length  of  live  miles. 

The  result  of  this  season's  operations  encourages  the  belief  that  this 
change  of  the  direction  of  the  dredged  channel,  proposed  by  Brevet  Lieu- 
tenant Colonel  Craighill,  major  corps  of  engineers,  will  prove  a  saving  of 
distance  and  effect  a  permanent  increase  of  depth. 

Amount  on  hand  July  1, 1867 $55,  793  27 

Amount  since  received 15, 223  89 

Amoiuit  expended  to  June  30, 1868 71, 017  16 

Amount  allotted  from  the  general  appropriation 17, 000  00 

Amount  required  for  next  fiscal  year 108, 000  00 

(See  Appendix  M.)  . 

2.  Improvement  of  tlie  Susquehanna  riveVy  below  Havre  de  Grace. 

Since  the  date  of  the  last  annual  rei>ort  contracts  have  been  entered 
into  for  all  the  labor  and  material  required  to  complete  this  improvement 
so  far  as  the  present  ai)propriation  will  admit. 

The  three  cribs  for  the  deflector  were  commenced  in  September,  1867, 
but  owing  to  the  delay  in  procuring  long  piles,  they  were  not  completed  in 
time  to  admit  of  being  entirely  filled  with  stone.  In  consequence,  two 
of  them  wexe  so  much  injiued  by  ice  during  the  winter  as  to  necessitate 
their  reconstruction  this  spring.  The  construction  of  the  rafts  has 
progi'essed  so  far  that  they  will  soon  be  residy  to  be  put  in  place.  The 
engineer  in  charge  anticipated  that  this  improvement  would  be  in  work- 
ing order  by  November  1  of  this  year. 

It  was  found  essential  to  remove,  during  the  past  season,  some  accu- 
mulations of  sand  formed  by  ice  at  the  lower  end  of  the  dredged  channel. 
About  30,000  cubic  yards  of  material  were  removed  by  contract,  giving 
a  depth  of  eight  feet  at  low  water  through  the  shoal,  about  two  miles 
long.  The  effect  of  the  deflector  since  its  completion  has  established  the 
sutticiency  of  this  method  of  increasing  the  depth  of  water  in  the  old  chan- 
nel. In  view  of  this  fact,  the  officer  in  charge  deems  it  desirable  that 
the  temporary  structure  should  be  made  permanent,  the  cost  of  which  he 
estimates  at  $50,000.  The  amount  required  is  recommended  to  be  appro* 
priated. 

Amount  on  hand  July  1, 1867 $26, 400  00 

Amount  expended  to  June  30, 1868 22, 899  05 

Amount  required  for  next  fiscal  year 50, 000  00 

(See  Appendix  M.) 

CONSTRUCTION  OF  DELAWARE  BREAKWATER  AND  IMPROVEMENT  OF 
THE  HARBORS  OF  MARCUS  HOOK  AND  CHESTER;  SURVEY  OF  REEDY 
ISLAND  AND  LISTON'S  TREE  POINT,  DELAWARE  BAY  AND  RIVER, 
AND  EXAMINATION  OF  A  SITE  FOR  AN  INLET  AT  THE  HEAD  OF 
BARNEGAT  BAY. 

Officer  iii  charge.  Lieutenant  Colonel  C.  S.  Stewart,  corps  of  engineers. 

1.  Delaware  breakwater. 

From  July  1  to  l^ovember  2,  1867,  inclusive,  labor  was  done  by  con- 
tract; but  the  contractor  having  failed  to  comply  with  his  agreement, 
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.  and  it  being  deemed  impracticable,  without  great  risk  of  material  loss, 
i  to  carry  it  on  by  contract,  it  has  since  that  time  been  carried  on  by  days' 
^       work. 

During  the  working  year  8,100  tons  of  stone  were  received  and  put  in 

position,  and  1,129  tons  of  old  stone  removed  and  relaid.    A  gap  of  210 

feet  in  length  was  closed  at  the  breakwater  proper,  and  an  additional 

length  of  228  feet  of  old  work  relaid  and  raised  to  the  proper  level. 

At  the  ice-breaker  87  running  feet  of  the  superstructure  were  completed. 

^       Amount  expended  during  the  year  ending  June  30,  1868. .  $58, 690  00 

Liabilities  incurred  to  June  30,  1868,  yet  unpaid 4, 458  00 

M  amount  available  for  year  ending  June  30, 1869 150, 002  35 

Amount  that  can  be  profitably  expended  during  the  ye^r 

ending  June  30, 1869 ' 70, 000  00 

No  appropriation  asked  for. 
(See  Appendix  N.) 

2.  Harbor  of  Marcus  HooJc,  Pennsylvania. 

A  new  wooden  pier,  about  31  by  41  feet,  has  been  built  on  the  ruins  of 
the  old  pier-head  of  lower  pier,  and  the  ruined  whar^'^es  and  upi)er  pier- 
head have  been  constructed  anew. 

Two  bridges  connecting  pier-heads  and  wharves  have  been  made,  and 
all  repairs  satisfactorily  completed  by  the  contractor. 

Three  cribs  for  new  piers  have  been  built,  two  of  them  sunk  in  position, 
and  a  fourth  is  nearly  ready  to  be  put  in  place  by  the  contractor. 

Amount  expended  during  the  year  ending  June  30,  1868. .  $26, 446  50 

Amount  available  July  1,  1868 71,  715  52 

Amount  available  to  be  expended  during  the  year  ending 

Jmie  30, 1869 71, 715  52 

No  appropriation  asked  for. 
(See  Api)endix  N  1.) 

3.  Improvement  of  Chettter  Mrhor^  Pennsylvania. 

The  upper  portions  of  upper  and  lower  United  States  piers  and  wharves 
have  been  rephiced:  the  upper  bridges  repaired;  a  new  bridge  built  to 
connect  lower  pier-head  and  whail;  the  lower  causeway  walls  rebuilt 
for  nearly  its  whole  length  of  upwards  of  612  feet,  and  a  good  roadway 
formed ;  the  upper  causeway  was  also  repaired,  and  the  piers  and  wharves 
have  been  well  filled  in.    All  contemplated  repairs  have  been  made. 

Amount  expended  during  the  year  ending  June  30, 1868 $10,647  14 

Amount  available  July  1, 1868 352  86 

Amount  profitably  to  be  expended  during  the  year  ending 

June  30, 1869 352  86 

ISo  appropriation  asked  for. 
(See  Appendix  N  2.) 

4.  Survey  of  Beedy  island 

has  been  completed  and  reported  upon. 
(See  Appendix  N  3.) 

6.  The  survey  of  Liston^s  Tree  Point 

has  also  been  completed  and  reported  upon. 
(See  Appendix  N  4.) 

r 
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6.  Examination  as  to  the  necessity  of  opening  an  inlet  on  the  New  Jersey 
coast  ^  from  the  Atlantic  ocean^  at  a  point  near  theJiead  of  Barne{jat  bay. 

Ill  compliance  with  a  resolutiou  of  the  House  of  Represeutatives,  of 
February  4,  1808,  this  examination  was  made  by  Lieutenant  Colcmel 
Stewart  in  April  last.  He  is  of  opinion  that  there  is  no  necessity,  for  the 
purposes  of  commerce,  for  the  proposed  inlet,  and  that  if  made  it  could 
not  in  all  probability  be  kept  open. 

On  this  point  his  conclusions  are  doubtless  correct.  The  breaches  that 
have  occasionally  occurred  across  the  beach  separating  Barnegat  bay 
from  the  ocean  are  reported  to  have  always  closed  after  a  short  interval, 
showing  that  ordinarily  Baniegat  inlet  is  suflicient  for  the  discharge  out 
of  Barnegat  ln\y^  and  that  should  a  new  cut  be  made  tliere  would  not, 
in  all  probability,  be  a  sufficient  outflow  to  maintain  it.  On  the  other 
hand,  if  kept  open  it  would  probably  have  an  injurious  effect  upon  the 
inlet  at  Barnegat. 

The  information  gathered  upon  this  subject  not  being  from  a  detailed 
surv ey,  was  necessiuily  meagre.  Should  the  interests  of  navigation  or 
commerce  require  a  more  exact  discussion  of  the  question,  the  requisite 
data  should  be  carefully  collected. 

(Sec  Appendix  No.) 

7.  Obstructions  to  navigation  in  Delaware  bay. 

A  speeial  report  was  made  June  24,  1868,  in  relation  to  the  removal  of 
the  wrex^ks,  as  obstructions  to  navigation,  and  a  recommendation  made 
therein  for  an  appropriation  of  $0,000  for  the  purpose  indicated. 

(See  Ai)pendix  N  6.) 

HUDSON  RIVER  IMPROVEMENT;  REPAIRS  OF  UNITED  STATES  DIKES 
ABOVE  AND  BELOW  ALBANY;  CONSTRUCTION  OF  NEW  DIKES;  SUR- 
VEY OF  THE  RIVER;  REMOVAL  OF  OBSTRUCTIONS  IN  NEW  YORK 
HARBOR. 

Officer  in  charge,  Brevet  Major  General  John  Newton,  lieutenant 
colonel  corj)s  of  engineers,  assisted  by  Brevet  Lieutenant  Colonel  John  M. 
Wilson,  major  corps  of  engineers. 

1.  Hudson  river  improvement. 

A  new  dike  between  Albany  and  Troy,  connecting  upper  Patroon  and 
Hillhouse  islands,  2,020  feet  long,  was  undertaken  and  finished  early  in 
December,  1867.    The  cost  of  this  dike  was  $7  40  per  lineal  foot. 

The  shore  line  of  Hillhouse  island  for  a  length  of  1,908  feet,  equivalent 
to  a  surface  of  7,225  square  yards,  was  graded  and  paved  with  blocks  of 
stone,  at  a  cost  of  $2  20  per  square  yard. 

Below  ^Ubany,  to  restore  and  repair  the  old  United  States  dike,  com- 
monly called  the  Overslaugh  dike,  2,531  lineal  feet  of  half  dike  were 
constructed  at  the  rate  of  $0  80  per  foot,  and  7,200  lineal  feet  of  old  dike 
repaired  by  tilling  up  existing  abrasions  and  repairing  surface,  viz :  a 
surface  amounting  to  24,975  square  yards  was  refilled  at  a  cost  of  $2  82^ 
per  8(iuare  yard,  the  excess  in  this  case  being  due  to  the  large  amount  of 
filling  required. 

The  cutting  away  of  the  face  of  MulPs  island,  opposite  Barren  island, 
was  undertaken  at  a  cost  of  21  cents  per  cubic  yard,  and  the  dredged 
materials  deposited  behind  the  New  Baltimore  dike  at  the  contractor's 
expense.  » 
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The  contractor  commenced  this  work  in  September,  1867 ;  suspended 
work  at  the  close  of  navigation ;  resumed  in  April,  1868,  and  by  June  30 
had  removed  169,948  cubic  yards.    This  work  is  still  continued. 

In  May,  1868,  work  was  commenced  at  and  opposite  Cedar  Hill,  just 
above  Castleton,  upon  two  dikejs — one  joining  Cow  and  Campbell  islands, 
2,500  feet  long;  the  other  leading  from  Cedar  Hill  dock  to  Schemerhom 
island,  5,650  feet  long. 

The  contractor  for  fiimishing  piles  has  caused  great  delay  in  the  con- 
stmction  of  these  works,  by  failing  to  fulfil  his  contract-,  but  by  June 
30  there  had  been  driven  in  the  Cow  Island  dike  37,258  lineal  feet  of 
piles,  and  50,576  lineal  feet  at  the  Cedar  Hill  dike. 

2.  The  survey  of  the  river  between  Troy  and  Netc  Baltimore. 

Was  continued  and  nearly  completed  by  June  30,  1868,  to  determine 
the  rise  and  fall  of  tides.  Lengthened  observations  were  made  at  Troy, 
Albany,  Castleton,  Coeymans,  and  New  Baltimore.  Observations,  dur- 
ing the  operation  of  sounding,  were  likewise  made  between  Albany  and 
Troy  at  the  wharf  of  the  nail  works,  and  at  the  upi)er  end  of  Patroon's 
island. 

A  line  of  levels  was  run  from  Troy  to  New  Baltimore,  connecting  all 
the  places  where  tidal  observations  were  made,  and  bench  marks  were 
established. 

Snperticial  current  velocities  were  ascertained  during  the  course  of  the 
ebb. 

Observations  were  likewise  made  upon  the  bottom  for  the  purpose  ot 
testing  the  movement  of  the  material  of  the  bed. 

An  allotment  for  continuing  this  work,  from  the  general  appropriation, 
was  made  of  $85,000.    Amoiint  required  for  next  fiscal  year,  $160,000. 

(See  Appendix  O.) 

3.  East  river^  New  Yorlc  harbor. 

Three  separate  projects  for  the  improvement,  with  channels  of  26  feet,, 
and  24  feet  in  depth  at  mean  low  water,  were  submitted  by  General 
Newton,  corps  of  engineers. 

The  ftrst  includes  the  removal  of  all  the  rocks  enumerated,  the  con* 
struction  of  sea  walls,  improvement  of  the  middle  channel,  and  the  removal 
of  Negro  Head. 

The  second  includes  the  cost  of  removing  that  part  of  middle  reef 
known  as  Negro  Head,  Hen  and  Chickens,  Flood  Bock,  and  Gridiron, 
thus  throwing  the  eastern  and  middle  channels  into  one. 

The  third  includes  the  removal  of  the  smaller  rocks  and  the  cooetruc- 
taon  of  the  se^  walls,  but  makes  no  provision  for  improving  the  middle 
channel,  or  otherwise  interfering  with  the  middle  reef. 

The  last  project,  involving  the  least  expenditure  of  money,  and  greatly 
ameliorating  the  danger  to  navigation,  essentially  recommended  in  1856 
by  the  advisory  council  to  the  commissioners,  relative  to  the  encroach- 
ments and  preservation  of  the  harbor  of  New  York,  has  been  recom- 
mended by  me  as  the  best  to  be  undertaken  at  present. 

The  advisoiy  council  referred  to  consisted  of  General  Totten,  Chief  of 
Engineers  United  States  army,  Dr.  A.  D.  Bache,  Superintendent  United 
States  Coast  Survey,  and  Commander  (now  Admiral)  Charles  Henry 
Davis,  United  States  na^y. 

5  w — PART  n 
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The  estima-te  for  the  project  at  Hell  Gate,  giving  a  chan- 
nel of  26  feet  at  mean  low  water,  is $2,877,000  00 

General  Newton's  estimate  for  removal  of  Diamond  and 
other  reefs  in  Bast  river,  New  York  harbor,  to  24  feet 
depth  is. 463,145  00 

Total. 3,340,145  00 

There  has  been  allotted,  of  the  general  appropriation  for  repairs,  pre- 
servation, &c.,  to  the  improvement  of  the  East  river,  $85,000. 
The  amount  required  for  the  next  fiscal  year  is  $415,000. 
(See  Appendices  O  1  to  O  6,  inclusive.) 

IMPROVEMENT  OF  PROVIDENCE  AND  PAWTUCKET  RIVERS,  RHODE 
ISLAND,  THAMES  RIVER,  CONNECTICUT ;  REMOVAL,  OF  IVnDDLE  ROCK, 
NEW  HAVEN  HARBOR,  AND  AVESTPORT  HARBOR,  CONNECTICUT ;  SUR- 
VEYS AT  BLOCK  ISLAND,  RHODE  ISLAND,  CONNECTICUT  RIVER  AND 
BRIDGEPORT  HARBOR,  CONNECTICUT. 

Officer  in  charge.  Major  and  Brevet  Colonel  D.  C.  Houston,  corps  of 
engineers  United  States  army. 

1.  Improvement  of  ^Veiitport  harbor,  Connecticut. 

The  amount  of  the  appropriation  for  this  work,  $2,500,  being  entiitly 
inadequate,  no  work  has  thus  far  been  accomi)lished. 
The  sum  of  $10,000  was  asked  for  last  year. 
(See  Appendix  P.) 

2.  Removal  of  Middle  Rock,  Nexc  Haven  harbor,  Connecticut 

The  work  of  removing  this  rock  was  suspended  in  September  last, 
owing  to  the  appropriation  being  nearly  exhausted. 

The  depth  of  water  on  the  rock  was  increased  from  nine  feet,  at  low 
water,  to  15  feet. 

The  plan  adopted,  viz:  by  drilling  holes  in  the  rock  and  exploding 
cartridges  of  powder  in  them  by  means  of  a  battery,  was  very  successful. 

Total  amount  expended $5,080  09 

Amount  available  June  30, 1868 250  50 

To  secure  a  depth  on  this  rock  of  17  feet,  as  originally  pro- 
posed, will  require ' $10,000  00 

To  remove  southwest  ledge,  near  Middle  rock,  on  which  is  now 
6i  feet  at  low  water 30,000  00 

To  remove  to  the  same  depth  two  rocks  between  these  two . .    25,000  00 

Total  required  for  "  removing  rocks  iu  l^ew  Haven  harbor". .    65,000  00 

(See  Appendices  P  and  P  1;) 

3.  Survey  of  Connecticut  river  from  Hartford  to  its  mouth, 

A  survey  of  this  river  with  a  view  to  its  imi)rovement  was  made  last 
season. 

There  is  a  number  of  bars  on  this  river  between  Hartford  and  Mid- 
dleton,  which  are  serious  obstructions  to  navigation  in  the  season  of  low 
water.    The  bar  at  the  mouth  of  the  river  is  also  an  obstruction. 

From  the  character  of  the  river,  which  passes  through  an  alluvial 


REPORT   OF   THE    SECRETARY   OF   WAR.  67 

region,  no  i)ermanent  stmctiires  are  recommended  for  its  improvement. 
Some  years  ago  piers  were  constructed  few  the  purpose  of  confining  the 
ciiannel,  but  at  present  these  piers  are  either  obstructions  in  the  river 
ur  are  covered  up  by  deposits. 

The  plan  recommended  is  to  deepen  the  water  on  the  bars  by  dredging 
or  scraping.    It  is  estimated  that  the  sum  of  $70,000  will  suffice  to  give 
the  depth  required,  i.  e.j  8  feet  at  lowest  water  on  record,  and  that  the 
mm  of  $10,000  expended  annually  will  suffice  tp  maintain  this  depth. 
(See  Appendices  P  to  P  3  to  P  6.) 

4.  Improvement  of  Thames  rirer^  Comieetieut 

The  work  on  this  river  has  consisted  in  deepening  the  channel  below 
the  city  of  Norwich  to  obtain  a  depth  of  14  feet  at  high  water. 

The  "total  amount  of  material  excavated  up  to  June  30,  1868,  was 
67^1  cubic  yards,  mostly  sand  and  gravel.  The  work  has  been  prose- 
cute<l  witli  a  view  to  immediate  benefit  to  navigation  by  fiist  deepening 
and  straightening  the  channel  at  the  most  difficidt  points,  and  thus  far 
has  given  satisfaction  to  navigators.  It  is  proposed  to  obtain  a  channel 
100  feet  in  width,  of  the  dejith  above  mentioned.  Immediately  below 
the  mouth  of  the  Shetucket  river  at  its  junction  with  the  Quinnebaugh, 
the  channel  has  been  widened  to  200  feet,  so  as4x)  allow  a  free  passage 
for  the  ice  which  accumulates  here  in  large  quantities. 

Total  expenditure  during  the  fiscal  year  ending  June  30, 1868 .    $33,139  35 
Amount  available  June  30,  1868 47,918  40 

No  further  appropriation  required. 
(See  Appendices  P  and  P  2.) 

5.  Improvement  of  Providence  riverj  Rhode  Island^  at  the  "  Crook.^ 

The  work  during  the  year  in  this  river  consisted  in  dredging  the  chan- 
nel at  the  "Crook.''  Total  amount  of  material  excavated  1,781,560.6 
cubic  feet. 

Total  amount  of  disbursements  imder  this  appropriation,  $25,000, 
which  was  the  amount  of  the  appropriation.  The  engineer  in  charge 
rt-iwrts  that  the  sum  of  $10,000  per  annum  could  be  advantageously 
applied  in  dredging  the  channel  of  this  river  below  the  Fox  Point  whari'. 

Reciuired  for.  next  fiscal  year,  $10,000. 

(See  Appendix  P.) 

6.  Improvement  of  PawtneJcet  river^  Rhode  Island, 

The  work  during  the  year  on  this  river  consisted  in  dredging  the  chan- 
nel, to  obtain  six  feet  depth,  at  low  water,  up  to  the  city  of  ^awtucket. 

The  amount  appropriated,  $17,000,  was  found  insufficient  to  complete 
the  work,  for  which  the  officer  in  charge  estimates  that  an  additional 
«im  of  $8,000  will  be  necessary. 

This  amount  is  requii^ed  for  the  next  fiscal  year. 

(See  Appendix  P.) 

7.  Survey  at  Block  islandj  Rlwde  Island. 

A  survey  of  the  vicinity  of  this  island  with  a  view  to  the  construction 
of  a  breakwater  to  form  an  artificial  harbor  was  made  last  season. 

A  project  for  a  breakwater,  both  for  local  and  general  use,  has  been 
mbmitted.    The  estimated  cost  is  $1,500,000. 

(See  Apx>endice8  P  7  and  P  8.) 
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8.  Survey  of  Bridgeport  harbor^  Connecticut 

A  few  soundings  were  made  in  this  harbor  last  season  for  the  purpose 
of  ascertaining  what  change,  if  any,  has  occurred  since  the  survey  of 
1866.  No  material  changes  were  discovered.  It  has  been  apprehended 
that  this  harbor  would  be  filled  up  by  deposits  of  sand  brought  in  by 
the  flood  tides;  and  a  resuf\^ey  is  now  in  progress  ^hich  will  determine 
precisely  what  changes,  if  any,  have  occurred  since  1866,  and  indicate 
the  proper  remedy  for  any  uyurj-  that  the  harbor  may  have  sustained. 

(See  Appendix  P.) 

PLYMOUTH  BEACH  AND  TAUNTON  RIVER,  MASSACHUSETTS. 

Officer  in  charge,  Brevet  Major  J.  A.  Smith,  captain  corps  of  engineers. 

1.  Plymotith  beach. 

Ko  additional  work  has  been  done  at  this  locality  during  the  year. 
An  allotment  of  the  general  appropriation  of  1864  has  been  made  to 
this  work,  of  $7,500.    Amount  required  for  the  next  fiscal  year,  $8,000. 
(See  Appendix  Q.) 

2.  Taunton , river. 

For  report  and  estimate  for  the  imi)rovement  of  this  river  see  appen- 
dix Q  1. 

PRESERVATION  AND  IMPROVEMENT   OP  BOSTON  HARBOR. 

Officer  in  charge,  Brevet  Major  General  J.  G.  Foster,  lieutenant  col- 
onel corps  of  engineers. 

1.  Dredging  off  the  southwest  point  of  LovelVs  island. 

The  work  has  been  prosecuted  with  vigor  by  the  contractor,  who  has 
removed  92,899  cubic  yards,  widening  the  channel  at  this  point  to  820 
feet  at  low  water,  with  an  average  depth  over  the  dredged  area  of  13 
feet  at  low  water. 

A  larger  and  more  powerfid  dredging  machine  is  being  built,  and  is 
nearly  completed,  intended  to  excavate  over  the  dredged  area  to  a  depth 
of  23  feet  at  low  water. 

(See  Appendices  R,  R  1  to  R  5,  inclusive.) 

2.  Dredging  channel  across  the  Upper  Middle  bar. 

Owing  tx)  the  failure  of  the  first  contractor  to  enter  ujion  the  work,  it 
had  not  been  commenced  at  the  close  of  the  fiscal  j'ear.  It  is  now  in 
progress. 

(See  Appendices  R,  R  1  to  R  5,  inclusive.) 

3.  Blasting  and  removing  Tmcer  and  Cortcin  rocJcs. 

This  work  has  been  successfully  carried  on  and  has  resulted  in  the 
entire  removal  of  Tower  Rock  to  a  depth  of  23  feet  at  mean  low  water. 
Coi-win  Rock  has  been  blasted  down  to  a  depth  of  21J  feet  at  mean  low 
water.  It  is  intended  to  remove  Corwin  Rock  to  a  depth  of  23  feet  at 
mean  low  water,  and  also  to  blast  off  and  remove  to  the  same  depth  an 
adjoining  ridge  of  rock. 

(See  Appendices  R,  R  1  to  R  5,  inclusive.) 
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4.  Sea  wall  at  Point  Allerton. 

As  no  funds  were  available  for  the  purchase  of  the  site  for  this  wall, 

«i  appropriation  by  the  Commonwealth  of  Massachusetts  was  procured 

for  the  purpose  of  purchasing  the  narrow  strip  of  land  at  the  high- water 

Me^  necessary  for  the  foundation  of  the  wall,  with  the  shoals  in  front  and 

slopes  in  rear,  to  be  transferred  to  the  Unitai  States  in  fee  simple.    As 

«x>n  a«  the  question  of  title  is  settled  the  purchase  and  transfer  to  the 

United  States  may  be  made  and  the  work  commenced. 

(See  Appendices  E,  K  1  to  K  5,  inclusive.) 

5.  Sea  xcall  for  preservation  of  Oallop^s  island. 

The  city  of  Boston,  which  owns  this  island,  has  given  to  the  United 
States  the  strip  of  land  upon  which  to  build  this  w^  with  the  shoals  in 
front  and  slope  in  rear,  together  with  the  use  of  the  necessary  amount 
of  land  for  temporary  buildings,  wharf,  &c.,  to  be  used  in  the  construc- 
tion of  the  wall.  All  the  preparations  for  the  commencement  and  rapid 
prosecution  of  the  work  having  been  completed,  the  work  is  now  under 
eonstmetion. 

(See  Appendices  E,  R  1  to  R  5,  inclusive.) 

6.  Sea  trail  for  the  preservation  of  the  north  head  of  Long  island. 

The  work  has  not  been  commenced;  steps  have  been  taken  to  secure 
the  title  to  the  United  States  of  the  site  for  this  work,  and  for  the  mili- 
tary defences  to  be  erected  on  Long  Island,  north  head.  For  this  pur- 
pose an  act  ha^  been  passed  by  the  legislature  of  the  Commonwealth, 
providing  for  the  determination  by  the  county  court  of  the  amount  to 
be  paid  the  owners^  and  for  the  vesting  of  the  requisite  title  in  the  United 
States  upon  deposit  of  said  sum  in  the  hands  of  the  judge  of  the  court. 

(See  Appendices  R,  R  1  to  R  5,  inclusive.) 

EiiinuUes  for  the  next  fiscal  year  for  continuing  the  preservation  and 

improvement  of  Boston  harbor, 

ForCorwin  Rock $24,000  00 

Dredging  Great  Brewster  and  Lo veil's  Island  spits 100,000  00 

Dredging  Upper  Middle  bar 50,000  00 

Preservation  of  north  head  of  Long  island 75,000  00 

Preservation  of  Gallop's  island 54,000  00 

Preservation  of  Point  Allerton 21,000  00 

Total 324,000  00 

Less  amount  of  allotment  assigned  to  these  works 33,000  00 

Amount  required  to  be  appropriated  for  the  next  fiscal  year    291,000  00 


PBOPOSED  BRIDGE  FROM  BOSTON  TO  EAST  BOSTON. 

The  Committee  on  Commerce,  of  the  Senate,  requested  the  views  of 
the  Secretary  of  War  upon  the  propriety  of  authorizing  the  <5onstruction 
o(  a  bridge  between  Boston  and  East  Boston. 

The  report  of  Brevet  Major  General  Foster,  in  charge  of  the  improve- 
ment of  Boston  harbor,  to  whom  this  subject  was  referred,  will  be  found 
m  Appendix  B  7. 
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PRESERVATION  OP  PROVINCETOWN  HARBOR,  CAPE  COD,  MASS. 

Officer  in  charge,  Brevet  Major  General  H.  W.  Benham,  colonel  corps 
of  engineers,  to  June  22, 1868;  since  that  date  Brevet  Major  General  J. 
G.  Foster,  lieutenant-colonel  corps  of  engineers,  having  temporarily 
under  his  orders  Brevet  Major  George  Burroughs,  captain  corps  of  engi- 
neers. 

Preservation  of  Provincetown  harbor. 

At  Long  Point  the  aproning  of  stone  near  the  light-house  has  been 
extended  to  the  eastward  during  the  summer;  several  hundred  tons  of 
stone  have  been  thus  deposited  with  favorable  results,  as  they  maintain 
their  position  and  afford  an  efficient  protection  to  the  beach. 

At  Beach  Point  preparations  are  being  made  to  repair  the  injuries 
done  to  that  narrow  strip  of  beach  by  a  storm  in  April  of  this  year. 
Plans  of  a  brtish  bulkhead  and  jettees  for  this  purpose  have  been  pre- 
pared and  work  has  been  commenced  upon  them. 

As  there  were  grounds  for  apprehending  that  during  some  great  storm 
the  sea  might  make  a  breach  through  the  sand  ridge  on  the  outer  or  sea 
beach  into  East  harbor,  the  engineer  in  charge  is  constructing  a  dike 
across  the  salt  meadows  and  East  Harbor  creek,  at  a  narrow  point  called 
the  "  wading  i)lace,^  opposite  High  Head. 

Observations  for  determining  the  currents  and  the  nature  and  extent 
of  the  changes  in  Provincetown  harbor  are  now  being  made  under  the 
immediate  direction  of  Captain  George  Burroughs,  brevet  mjyor  United 
States  army. 

(See  Appendices  R,  R  S,  E  S  1  and  R  S  2.) 

SEA  WALLS  AT  GREAT  BREWSTER,  DEER,  AND  LOVELL'S  ISLANDS, 

BOSTON  HARBOR. 

Officer  in  charge.  Brevet  Major  General  H.  W.  Benham,  colonel  cori)s 
of  engineers. 

1.  Deer  and  LovelVs  islands. 

On  Deer  island  a  contract  was  entered  into  in  April  last  for  rebuild- 
ing the  North  Head  wall.  The  entire  work  of  the  fiscal  year  has  been 
the  reconstruction  of  about  200  lineal  feet  of  wall  on  the  middle  head, 
about  420  lineal  feet  on  the  south  head,  and  about  206  lineal  feet  on  the 
north  head ;  or  in  all  826  lineal  feet  during  the  year. 

On  LovelPs  ishand  the  greater  portion  of  the  cut  stone  and  a  part  of 
the  jetty  stone  for  this  wall  have  been  delivered  and  distributed  along 
the  site  of  the  work. 

At  the  close  of  the  fiscal  year  operations  were  about  to  commence 
under  the  contract  for  the  construction  of  this  wall. 

Amount  on  hand  for  both  works,  July  1, 1807 $84, 529  30 

Amount  expended  during  the  fiscal  year  to  June  30, 1868. .       32, 029  05 

(See  Appendix  S.) 

2.  Oreai  Brewster. 

At  the  date  of  last  report  the  wall  for  the  protection  of  the  south  head 
of  this  island  had  been  completed,  and  on  the  east  or  north  exposed  face 
of  the  north  bluflf  the  main  wall  was  about  finished  except  paving  in  rear. 

Dui'ing  the  rest  of  the  season  of  1807  the  main  wall  of  the  north  head, 
with  its  coping,  was  completed  as  far  as  intended  in  the  original  design; 
that  is,  as  far  as  the  bluffs  or  slopes  of  the  shore  show  signs  of  recent 
abrasion  by  the  sea. 


REPORT  OF  THE  SECRETARY  OP  WAR.  71 

The  exteut  of  wall  constructed  during  the  fiscal  year  is  550  lineal  feci . 

The  work  still  to  be  done  comprises  filling  the  unbacked  portion  of  the 
wall  with  earth,  setting  heavy  paving  on  the  most  exposed  parts  of  the 
east  faces,  and  protecting  the  gap  between  the  north  and  west  walls. 

The  officer  in  charge  renews  his  recommendation  of  last  year,  that 
the  two  main  walls  be  connected,  to  prevent  the  continual  wearing  action 
of  the  sea  upon  the  beach  between  them.  For  which  he  deems  $25,000 
will  be  sufficient,  if  done  by  hired  labor. 

Amount  on  hand  July  1, 1867 : $41, 161  25 

Amount  expended  during  the  year  ending  June  30,  1868 . .       40, 343  75 

The  sum  of  $10,000  of  the  allotment  to  Boston  harbor  was  assigned 
to  this  work,  which,  deducted  from  the  estimate,  leaves  to  be  appropri- 
ated for  the  next  fiscal  year  $10,000. 

(See  Appendix  S.) 

IMPROVE3IENT  AND  SURVEY  OF  RIVERS  AND  HARBORS  IN  THE  STATE 

OP   MAINE. 

Officer  in  cliarge.  Brevet  Brigadier  General  George  Thom,  lieutenant 
colonel  corps  of  engineers. 

1.  Improvement  of  8aco  river.  • 

This  work  consists  in  the  construction  of  a  breakwater  at  the  mouth 
of  the  river,  the  removal  of  sunken  rocks,  and  the  rebuilding  of  some 
of  the  most  important  piers  in  the  river.  Two  thousand  five  hundred 
and  fifty  lineal  feet  of  the  breakwater  have  been  partially  built,  and  car- 
ried up  to  a  general  level  of  ten  feet  above  mean  low  water,  or  one  foot 
above  mean  high  water.  One  large  sunken  rock  has  been  removed  from 
the  channel  of  the  river  opposite  to  Little  island. 

Estimated  cost  of  the  breakwater,  with  its' proposed  extension, 

together  with  the  other  improvements  in  the  river $320, 000  00 

Tutiil  amount  ai)propriated  in  1866  and  1867 80, 000  00 

Amount  still  required  for  the  completion  of  the  improvement,   240, 000  00 
Of  which  there  can  be  profitably  expended  during  the  next 
fiscal  year ^ 75, 000  00 

(See  Appendix  T.) 

2.  Extension  of  hreaJcieater  in  Portland  harbor^  Maine. 

Operations  during  the  past  year  have  been  confined  to  capping  the 
present  breakwater,  of  which  538  lineal  feet  have  been  built,  nearly 
completing  it.  The  project  for  its  extension  has  not  been  decided  on,  it 
having  been  found  advisable,  before  doing  so,  to  make  a  resurvey  of  the 
harbor,  as  well  as  careful  tidal  and  current  observ^ations,  which  have 
been  completed. 

Under  a  joint  resolution  of  Congress  a  part  of  the  appropriation  is  to 
be  applied  to  improving  the  harbor  by  dredgiiig  and  otherwise. 

The  amount  appropriated  is  deemed  sufficient  for  the  completion  of 
the  breakwater^  and  other  improvements  called  for. 

(See  Appendices  T  1  and  T  5,  inclusive.) 

3.  Improvement  of  Kennebec  river^  between  ShepharcTs  Point  and  Avgnsfaj 

Maine. 

This  work  consists  of  straightening  and  deepening  the  channel  of  the 
river,  by  dredging  through  several  shoals.  The  width  of  tlie  channel, 
according  to  the  original  plan  of  General  Thom,  was  75  feet  at  bottom, 
with  sides  having  a  slope  of  two  feet  to  one  foot  rise,  and  a  depth  of 
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seven  feet  up  to  Hallowell,  and  six  feet  thence  to  Augnsta,  in  the  lowest 
stages  of  the  water.  This  width,  however,  General  Thorn  finds  to  be 
insufficient,  and  recommends  that  it  be  increased  to  100  feet  at  bottom. 
A  contract  for  the  work  to  the  extent  of  100,000  cubic  yards  of  dredging 
was  made,  and  it  is  probable  will  be  completed  during  tlui  present  season, 

Amount  required  to  open  a  channel  100  feet  wide,  from  Gardi- 
ner to  Shepard's  Point,  (see  survey  of  Kennebec  river,) 
and  to  increase  the  width  of  the  channel  thence  to  Au- 
gusta, (in  addition  to  the  sum  heretofore  appropriated) . .  $30, 000  00 

(See  Appendices  T  0  and  T  7.) 

4.  Improvement  of  the  navigation  of  St.  Croix  river j  above  the  ^^  Ledge. 

For  this  improvement  it  will  be  necessary  to  deepen  its  channel  by  the 
removal  of  slabs,  edgings,  and  saw-dust,  which  for  30  years  and  more 
have  been  accumulating  in  large  quantities  in  the  river. 

The  act  making  an  appropriation  for  this  improvement  requires  the 
co-operation  of  the  province  of  Kew  Brunswick,  which  has  not  yet  been 
obtained,  so  that  operations  have  not  been  commenced. 

Amount  api)ropriated  for  this  work $15, 000  00 

Additional  amount  required  for  its  completion 35, 000  00 

It  being  understood  that  the  province  of  New  Brunswick  will  contribute 
an  equal  amount  for  this  purpose. 
*  (See  Appendix  T  8.) 

5.  Survey  of  Kemwbec  river^  above  Gardiner^  Maine. 

This  survey  has  been  completed,  and  estimates  made  for  the  improve- 
ment of  the  njivigation  by  dredging  a  channel  100  feet  wide  at  bottom. 
See  improvement  of  Kennebec  river  for  estimate. 

(See  Appendix  T  9.) 

0.  Survey  of  Penobscot  river ^  above  Hampden^  Maine. 

This  survey  has  been  completed.  Yerj^  extensive  accurate  soundings 
and  borings  made  in  the  river  show  that  from  Crosby's  narrows  up  to 
Bangor,  a  distance  of  some  three  and  a  half  miles,  the  bed  of  the  river 
is  seriously  obstructed  with  slabs,  edgings,  and  saw-dust  to  an  average 
depth  of  10  feet,  and  in  some  localities  more  than  18  feet ;  and  that  the 
harbor  of  Bangor  is  also  obstructed  with  several  large  sunken  rocks. 
To  restore  the  channel  to  the  original  river-bed  \f  ould  require  an  exca- 
vation of  more  than  5,000,000  cubic  yards  of  its  accumulations.  But  a 
passable  channel  could  be  made  at  a  cost  estimated  at  from  $100,000  to 
$500,000,  according  to  its  width  and  depth. 

(See  Appendix  T  10  to  T  13,  inclusive.) 

RIVERS  AND  HARBORS  ON  THE  PACIFIC  COAST. 

Officer  in  charge.  Brevet  Lieutenant  Colonel  E.  S.  Williamson,*  major 
corps  of  engineers,  who  has  under  his  orders  First  Lieutenant  W.  H. 
Heuer,  corps  of  engineers. 

1.  Improvement  of  Willamette  river^  helow  the  city  of  Portland^  Oregon. 

The  operations  on  this  river  during  the  past  fiscal  year  have  been  con- 
fined to  dredging  on  Swan  Island  bar,  and  removing  snags  at  that  point 
as  well  as  at  the  mouth  of  the  river. 

Owing  to  the  necessity  of  repairing  the  dredging  machines  loaned  by 
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the  city  of  Portland,  the  work  was  not  commenced  untU  September  10, 
1S67.  From  that  date  to  the  end  of  November,  when  the  work  was 
stopped  by  high  water,  18,184  cabic  yards  of  material  wei-e  removed,  at 
a  cost  of  $10,484  48,  being  an  average  of  57.6  cents  per  cubic  yard. 

By  this  excavation  a  channel  was  made  100  feet  wide,  900  feet  long, 
and  15  feet  deep  at  extreme  low  water.  The  average  depth  of  the  exca- 
tion  was  4.18  feet.  Work  was  resumed  on  the  20th  February,  and  con- 
tinued to  the  11th  April,  during  which  time  331  lineal  feet  of  channel 
6f  the  same  width  and  depth  was  excavated,  by  the  removal  of  7,320 
cubic  yards  of  material,  at  an  average  depth  of  5.9  feet,  costing 
14,607  19,  being  an  average  of  62. 9  c^nts  per  cubic  yard. 

Seventeen  feet  can  be  carried  at  the  lowest  stage  in  the  Columbia 
river,  below  the  mouth  of  the  Willamette,  and  19  at  the  highest,  hence 
the  officer  in  charge  recommends  that  the  channel  of  the  Willamette  at 
Swan  Island  bar  be  deepened  to  18  feet,  as  originally  intended.  To 
dredge  a  channel  of  that  depth  would  require  the  removal  of  about 
50,0(^  additional  cubic  yards  of  material,  at  a  cost  of  $31,200.  A  survey 
of  the  mouth  of  the  river  will  be  necessary  before  the  extent  of  the  exca- 
vation required  at  that  iK)int  can  be  ascertained. 

It  appeared  from  a  survey  made  after  the  November  rise  that  the  win- 
ter fr^het  caused  no  material  change  or  filling  up  of  the  channel. 

Amount  on  hand  available  July  1, 1867 $29, 000  00 

Amount  expended  during  fiscal  year 25, 284  49 

Amount  allotted  from  general  appropriation  of  1868 21, 000  00 

Required  for  next  fiscal  year 15, 000  00 

(See  Appendices  U,  U  1,  and  U  2.) 

2.  Remaval  of  Blossom  and  Rincan  rocks  in  the  harbor  of  San  Francisco. 

. 

Minute  surveys  were  made  of  these  rocks  by  the  Coast  Survey  some 
jears  ago,  and  in  the  summer  of  1866  the  board  of  underwriters,  with 
others  interested,  caused  some  exx)eriments  to  be  made  on  Eiucon  rock 
to  test  the  practicability  of  removing  it  by  blasting,  the  result  of  which 
was  an  estimate  that  its  removal  would  cost  about  $65,000. 

Blossom  rock  is  in  a  much  more  exposed  situation.  lieutenant  W.  H. 
Heuer,  corps  of  engineers,  experimented  upon  this  rock  in  the  winter  of 
1867  by  removing,  by  blasting,  some  69  cubic  yards  of  stone,  to  form  an 
estimate  of  the  probable  cost  of  such  work. 

From  his  results  it  is  estimated  that  $60,000  will  probably  be  required 
for  its  entire  removal.  An  allotment  of  $50,000  has  been  made  from  the 
appropriation  of  July  last  for  this  object. 

Amount  required  to  be  appropriated  for  the  next  fiscal  year,  $10,000- 

(See  Appendix  U  3.) 

3.  San  Diego  harbor ,  California. 

A  special  report  was  made  June  22,  1868,  in  compliance  with  the 
request  of  the  chairman  of  the  Committee  on  Commerce,  United  States 
Senate,  dated  June  5,  1868.    The  report  is  herewith  submitted. 

(See  Appendix  U  4.) 

SURVEYS  AND  EXAMINATIONS  ON  THE  PACIFIC  COAST. 

Survey  of  the  Upper  Columbia  river^  Oregon. 

The  object  of  this  survey  is  to  ascertain  the  size  and  position  of  sunken 
rocks  in  the  several  rapids  of  the  river,  with  the  view  of  forming  an 
estimate  of  the  cost  of  Uieir  removal. 
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Between  the  Dalles  of  the  Colombia  and  the  mouth  of  Snake  river 
there  are  six  rapids,  from  which  rocks  should  be  removed  to  secure  a 
depth  of  seven  feet  at  the  lowest  stage  of  water. 

Four  of  these  rapids  have  been  surveyed  during  the  fiscal  year,  from 
which  it  is  found  that  4,726  cubic  yards  of  rock  must  be  removed  by 
blasting.  Upon  the  remaining  two  rapids,  not  yet  surveyed,  it  is  thought 
that  about  650  cubic  yaids  of  rock  must  be  removed. 

It  is  proposed  to  make  trials  upon  some  of  these  rocks  to  obtain  data 
for  forming  an  accurate  estimate  of  the  cost  of  blasting.  From  the  best 
information  now  in  his  possession,  the  officer  in  charge  estimates  it  at 
about  $28  per  cubic  yard,  making  at  that  rate  the  whole  cost  $132,328. 

(See  Appendix  U  2.) 

Paint  Salj  California. 

The  report  upon  the  survey  for  an  artifical  harbor  at  this  locality  will 
be  found  in  Appendix  U  5. 

SniVEYS  AND  EXAMINATIONS  WITH  THE  VIEW  TO  THE  IMPROVEMENT 

OF  RIVERS  AND  HARBORS. 

The  following  estimates  af  appropriation  are  submitted,  showing  the 
amount  required  for  the  puri)ose  of  making  ftirther  surveys  and  exam- 
inations of  localities,  the  improvement  of  which  has  been  heretofore, 
or  that  may  be  hereafter,  authorized. 

For  the  Atlantic  coast $30,000  00 

For  the  Paxiflc  coast 25,000  00 

For  the  western  and  northwestern  rivers 125,000  00 

PUBLIC  BUILDINGS,  GROUNDS,  AND  WORKS  IN  THE  DISTRICT  OF  COLUM- 
BIA, AND  WASHINGTON  AQUEDUCT. 

Officer  in  charge.  Brevet  Brigadier  General  N.  Michler,  major  corps 
of  engineers. 

For  the  condition  of  the  public  works  within  the  District,  and  sug- 
gestions for  such  further  improvement  as  appears  necessary  for  the  pub- 
lic service,  the  health  of  the  inhabitants,  and  the  proper  arrangement 
of  the  public  grounds,  see  report  in  detail 

(Appendices  V  and  V  2.) 

Required  for  next  fiscal  year,  $526,000. 

The  recommendations  in  the  report  of  last  year  are  renewed. 

WaMngton  aqueduct. 

A  report  in  detail  upon  the  work  done  during  the  year,  and  upon  the 
condition  of  the  finished  portions,  will  be  found  in  Appendix  V  1. 

The  engineer  in  charge  recommends  an  appropriation  for  the  rent  and 
purchase  of  the  land  occupied  by  the  aqueduct,  to  which  the  United 
States  have  no  title ;  and  gives  estimates  in  detail  for  the  entire  comple- 
tion of  the  work,  amounting  to  $685,338,  which  is  required  for  next 
fiscal  year. 

SUBVEY  OF  THE  NORTHERN  AND  NORTHWESTERN  LAKES. 

Officer  in  charge,  Lieutenant  Colonel  and  Brevet  Brigadier  General 
W.  F.  Raynolds,  corps  of  engineers,  assisted  by  Captain  and  Brevet 
Lieutenant  Colonel  F.  U.  Farquhar,  and  Lieutenants  J.  F.  Gregory, 


REPORT  OF  THE  SECRETARY  OF  WAR.  75 

B.  D.  Green,  E.  H.  Ruflftier,  J.  C.  Mallery,  J.  E.  Griffith,  W.  E.  Rod|?ers, 
and  L.  M.  Haupt,  corps  of  engineers ;  and  principal  assistants  D.  F. 
Henr>\  O.  N.  ChaflPee,  J.  R.  Mayer,  j^nd  H.  Gillman. 

During  the  summer  of  1867  three  steamers,  Ave  shore  parties,  and 
one  astroncMnical  party,  divided  into  three  sections,  were  engaged  on 
Lake  Superior  in  connecting  previous  surveys  at  the  head  of  St.  Mary's 
river  and  Marquette ;  in  making  the  topographical  and  hydrographical 
survey  of  Isle  Royale;  in  carrying  the  primary  triangulation  from 
Keweenaw  Point  to  the  eastward,  including  the  whole  of  Keweenaw 
bay,  and  in  the  measurement  of  the  large  triangles  connecting  the 
north  and  south  shores  of  Lake  Superior. 

Two  small  parties,  for  the  purpose  of  gauging  the  outflow  of  the 
lakes,  were  stationed  during  the  first  part  of  the  season  at  Saiilt  St. 
Marie  and  St.  Clair ;  and  in  the  latter  part  of  the  season  were  trans- 
ferred, the  one  to  Fort  Niagara,  the  other  to  Ogdensburg. 

The  Summers's  field  work  was  plotted  during  the  winter,  and  com- 
prised 24  sheets  of  antiquarian,  embracing  3,381  square  inches  of  topo- 
graphy and  4,086  square  inches  of  hydrography. 

The  new  base  line  near  Portage  City,  five  miles  long,  was  measured. 

During  the  year  6,854  charts  of  the  lake  survey  were  distributed. 

Two  detail  charts— one  of  the  south  end  of  Green  bay,  on  a  scale  of 
one  to  one  himdred  and  twenty  thousand ;  and  the  other  of  the  north 
end  of  Lake  Michigan,  including  the  Straits  of  Mackinac  and  Green 
bay,  on  a  scale  of  one  to  four  hundred  thousand — are  now  in  the  hands 
of  the  engraver. 

A  preliminary  chart  of  the  south  shore  of  Lake  Superior  from  Grand 
island  to  Ontonagon  was  engraved  on  stone  at  the  office  of  the  survey. 

A  chart  of  Lake  Superior  from  Grand  island  to  Ontonagon  is  now 
being  reduced  for  publication. 

A  preliminary  chart  of  Lake  Superior  fi;om  the  St.  Mary's  river  to 
Grand  Island  is  being  reduced  on  stone. 

During  the  summer  of  1868  the  operations  of  the  survey  ^ere  in  pro- 
gre^  with  the  following  organization,  namely :  three  steamers  on  Lake 
Stti)erior ;  five  shore  parties  on  Lake  Superior;  three  astronomical  parties, 
one  at  Ogdensburg,  one  at  Watertown,  and  one  at  Oswego,  New  York ; 
tbree  gauging  parties,  measuring  the  outflow  of  the  rivers  St.  Clair, 
Niagara,  and  St.  Lawrence ;  thirteen  meteorological  observers  at  dift'er- 
ent  localities  on  the  lakes;  two  draughtsmen  reducing  maps  for  publi- 
cation; two  assistants  in  office  and  attending  to  chart  distiibution ; 
three  assistants  engaged  in  reducing  meteorological  observations,  &c. 

It  is  believed  that  the  operations  of  another  season  mil  complete  the 
survey  of  Lake  Sui)erior,  there  now  remaining  to  be  surveyed  the  imme- 
diate \icinity  of  Bayfield  and  La  Pointe,  comprising  about  80  miles  of 
the  south  shore  and  the  Apostle  islands,  together  with  the  primary  tri- 
angulation of  the  lake. 

The  amount  available  during  the  present  year,  which  will 
be  exhausted  by  June  30^  1809,  is  the  partial  appropria- 
ation  of  Mareh  2, 1867,  withheld  but  re-appropriated,  of. .     $75, 000  00 

And  the  amount  appropriated  July  25, 1808 75, 000  00 

Total  appropriated 150, 000  00 

The  amount  required  for  continuing  the  survey  during  the 
year  ending  June  30,  1870,  is $165, 000  00 

(See  Api)endix  W.) 
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RECOIWA^SSANCES  AND  EXPLORATIONS. 

1.  Military  division  of  the  Pacijic, 

The  officer  on  duty  in  this  division,  Brevet  Ideuten^t  Colonel  R  S. 
Williamson,  major  of  engineers,  reports  that  two  assistants  have  been 
engaged  in  the  State  of  Nevada,  who  accompanied  the  party  sent  out  by 
the  State  geologist  of  California,  by  which  means  much  additional  infor- 
mation has  been  collected,  which  has  enabled  him  to  prepare  a  map  of 
a  large  portion  of  that  State,  which  is  now  on  the  records  of  the  head- 
quarters, and  is  used  for  perfecting  that  portion  of  the  general  map  of 
the  country  west  of  the  Mississippi  river. 

Colonel  Williamson  has  also  been  for  many  years  occupied  with  obser- 
vations and  investigations  with  a  view  to  improving  the  methods  of 
measuring  heights  with  the  barometer.  The  result  of  these  investi- 
gations has  been  lately  published,  for  the  use  of  the  corps  of  engi- 
neers. 

(See  Appendix  XJ.) 

2.  Colorado  of  the  West 

The  resumption  of  the  explorations  of  the  Colorado  of  the  West, 
beginning  at  the  locality  where  the  War  Department  exploration  ter- 
minated, a  few  miles  below  the  Mormon  settlement  of  Callville,  the  pres- 
ent head  of  navigation,  being  deemed  of  much  importance.  Brevet  Lieu- 
tenant (volonel  Williamson  and  Brevet  Lieutenant  Colonel  Mxnsfield 
were  directed  to  prepare  and  submit  projects  for  the  exploration  of  the 
river,  including  its  chief  upper  tributaries.    For  their  reports 

(See  Appencfices  X,  X  1,  and  X  2.) 

3.  Explorations  from  the  Sierra  Nevada  to  the  Bochy  mountains. 

The  geological  and  topographical  exploration  of  the  territory  between 
the  Bocky  mountains  and  the  Sierra  Nevada  mountains,  including  the 
route  or  routes  of  the  Pacific  railroad,  under  the  direction  of  Mr.  Clar- 
ence King,  has  progressed  ver>*  satisfactorily.  The  exploring  party 
examined,  during  the  summer  of  1867,  the  first  season  in  the  field,  a  sec- 
tion of  country  extending  from  the  120th  meridian  eastward  to  longi- 
tude 1170  30'  and  reaching  from  latitude  39°  30^  to  41o,  which  Mr.  King 
reports  has  oeen  attended  with  difficulties  and  dangers.  The  entire 
party  had  been  disabled  by  malaria.  Tlie  great  flood  of  the  previous 
spring  left  a  large  amount  of  stagnant  water,  the  miasma  from  which 
has  l^n  fatal  to  the  inhabitants  of  the  desert.  Mining  and  gold  mUl- 
ing  operations  were  in  consequence  suspended  at  the  Humboldt  sink. 
Mr.  King  reports  that  he  reached  the  field  July  27, 1867,  marked  out  the 
limits  of  the  year's  work,  which  were  completed  with  the  exception 
of  40  miles  of  the  eastern  end.  He  estimates  that  at  least  20  per 
cent,  of  the  effectiveness  of  the  party  was  destroyed  by  the  prevalent 
fevers. 

In  amount  and  quality  of  work  it  fully  meets  his  expectations. 

The  entire  section  has  been  covered  by  a  series  of  triangles.  Astro- 
ncAnical  observations  were  made  at  four  stations. 

In  geology  the  work  has  been  thorough,  and  the  results  of  great  eco- 
uomiciil  and  scientific  value.    Mat/Crials  have  been  obtained  for  describ- 
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ing  the  mineral  wealth  and  for  the  discussion  of  the  higher  questions  of 
orographical  dynamics.  Two  thousand  sjiecimens  of  this  branch  have 
been  obtained,  illustrating  every  rock  formation  in  the  section  surveyed. 

Barometrical  observations  have  been  made  at  300  stations,  and  over 
2,000  observations  made  in  the  department  of  meteorology.  The  rate  of 
evaiK)ration  has  been  determined  at  the  sinks  of  the  Humboldt  and 
Carson. 

'  The  winds  have  been  well  studied  and  the  results  in  this  whole  branch 
are  of  value. 

The  natural  history  will  produce  more  novel  results  than  any  other 
branch. 

During  the  winter  Mr.  King  and  one  assistant  were  engaged  in  the 
examination  and  survey  of  the  Comstock  silver  lode.  The  ores  collect'Cd 
in  the  Black  Eock  mining  district  were  analyzed  by  anotlier  assistant. 
The  tox)ographical  surveys  were  plotted  by  the  assistants  in  that  brancli. 
Gratifying  progress  has  been  made  in  the  study  of  the  mining  district,  and 
it  is  hoped  that  the  results  of  the  investigations  will  be  of  great  value  as 
illustrating  both  the  geological  occurrence  of  silver  and  some  iK)ints  of 
importance  in  the  economi^  bearing  of  silver  mining. 

The  field-work  was  resumed  at  an  early  period  in  the  spring,  and  the 
section  of  the  country  as  far  ea«t  as  Salt  Lake  city  will  be  completed  by 
the  close  of  October  of  this  year^  including  all  the  mining  surveys  of 
the  Great  Basin,  and  the  silver  mines  of  South  Idaho. 

An  assistant  has  also  been  sent  forward  to  make  engineering  studies 
of  the  Colorado  mines. 

At  the  date  of  the  last  report  fipom  Mr.  King  the  work  of  this  season 
had  progressed  with  gratifying  success ;  and  it  is  believed  that  the 
entire  field-work  will  be  completed  by  the  close  of  this  season. 

4.  Military  division  of  the  Missauri. 

The  officer  on  duty  in  this  division,  Brevet  ColoneJ  W.  E.  Merrill, 
major  of  engineers,  reports  that  he  has  been  occupied  with  the  prepara- 
tion of  maps  and  SKetches  for  the  use  of  the  division,  of  the  department, 
and  posts.    His  reiH>rt  is  appended  hereto. 

(See  Api)endix  X  3.) 

5.  Military  departments  of  the  Missouri^  Platte^  and  Dakota. 

An  officer  of  tl\e  corps  «f  engineers  has  been  on  duty  during 'the 
reason  of  field  operations  in  each  of  the  military  departments  of  the 
Missouri,  of  the  Platte,  and  of  Dakota,  subject  to  tlie  orders  of  the 
department  commander.  Their  duties  have  chiefly  been  comprised  in 
reconnaissances,  and  the  preparation  of  sketches  and  maps,  and  their 
distribution  witnin  the  commands  to  which  they  were  attached. 

No  special  reports  have  been  received  from  these  officers  except  from 
the  officer  on  duty  in  the  department  of  the  Platte.  His  report  of  the 
last  season's  operations  is  appended  hereto. 

(See  Appendix  X  4.) 

6.  Maps  of  the  territories^  military  departments^  and  posts. 

The  re-compilation  of  the  map  of  the  territory  between  the  Mississippi 
river  and  the  Pacific  ocean  has  progressed  as  rapicQy  as  the  information 
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could  be  collected  and  prepared  for  engraving.  The  valuable  results  of 
the  Labors  of  the  northwest  boundary  commission  were  continuously  fur- 
nished by  the  commissioner,  Mr.  Archibald  Campbell,  and  were  used  in 
the  compilation ;  also  the  surveys  at  the  headwaters  of  the  Yellowstone 
and  Missouri  rivers,  by  Brevet  Brigadier  General  W.  F.  Eayuolds, 
corps  of  engineers,  and  information  fornished  by  Generals  Warren  and 
Comstock,  have  been  used. 

Much  additional  information  has  lately  been  received  from  Colonel  B. 
S.  Williamson,  corps  of  engineers,  which  embraces  portions  of  Califor- 
nia, Kevada,  Idaho,  and  Arizona. 

The  general  map  of  the  country  west  of  the  Mississippi  river,  defining 
the  militaiy  departments  and  posts,  is  kept  in  progress  with  the  fore- 
going. An  edition  is  issued  with  corrections  and  additions  from  time 
to  time,  as  the  map  is  called  for,  to  meet  the  wants  of  the  military  forces 
occupying  the  country. 

MAPS  OP  CAMPAIGNS  AND  BATTLE-FIELDS. 

Tlie  surveys  of  the  fields  of  operations  during  the  war,  and  of  the 
battle-fields,  as  well  as  the  maps  of  the  surveys,  h^ve  been  continued, 
and  they  are  well  advanced  towards  pompletion. 

Tliose  of  the  campaigns  of  the  army  of  the  Potomac  have  been  under 
the  direction  of  Brevet  Brigadier  General  Michler,  coips  of  engineers, 
and  those  of  the  western  armies  under  the  direction  of  Colonel  Edmund 
K.uger,  late  of  the  volunteers.  Tlie  general  map  illustrating  the  cmn- 
l)aigns  of  Lieutenant  General  Sherman,  in  progress  at  the  date  of  the 
last  animal  report,  has  been  finished. 

The  general  map  illustrating  the  campaigns  of  Major  General  George 
II.  Thomas  is  nearly  completed. 

(See  Appendix  X  5.) 

ESTEVIATES  OF  SURVEYS  FOR  MILITARY  DEFENCES. 

Tlie  approi)riation  for  siurveys  for  military  defences  is  now  nearly 
exhausted. 

For  8ur\  eys  relating  to  permanent  sea-coast  defence,  explorations, 
sun  eys,  and  reconnaissances  in  the  interior,  including  that  of  the  Colo- 
rado river,  and  the  collection  of  topographical  and  other  information  of 
the  country  occupied  by  military  forces  ;  for  the  compilation,  engraving, 
printing,  and  distribution  of  maps,  including  campaign  maps,  there  will 
be  required  for  the  next  fiscal  year,  $200,000. 

HEADQUARTERS  CORPS  OF  ENGINEERS. 

In  the  labors  of  the  office  I  have  been  assisted  by  the  following  offi- 
cers charged  with  the  direction  of  the  four  divisions,  among  which  the 
duties  of  the  bureau  of  the  corps  of  engineers  are  distributed : 

First  division. — Fortificatiomj  etc.,  Lieutenant  Colonel  J.  D.  Kurtz, 
brevet  colonel  United  States  aimy. 

Second  division. — Battalion  and  depots,  armament j  personnel^  orders^ 
&c^  Major  T.  L.  Casey,  brevet  colonel  United  States  army. 

Third  division. — Harbor  and  river  improvementSy  surveys^  instruments. 
Lieutenant  Colonel  J.  C.  Woodruif,  brevet  brigadier  general  United 
Staters  army ;  Major  J.  G.  Parke,  brevet  major  general  United  States  army. 
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Fourth  division. — Property  account)^  ^Htimatefi^  fundit,  dcc.^  Major  W. 
P.  CraijrliiU,  brevet  lieutepant  colonipf  United  States  army. 

On  special  duty. — Captain  W^  IE.  King,  brevet  major  United  States 
amy. 

Very  resjiectfullVy  your  obedient  servant, 

A.  A.  HUMPHREYS, 
Brigadier  General  of  Engineers^  Commanding. 

Major  Geneml  J.  M.  Schopield, 

Secretary  of  War. 


APPENDIX  A. 

Extract  from  the  annual  report  of  Brevet  Colonel  J.  B.  Wheeler^  corps  of 
engineers^  upim  the  laJce-harbor  improvements  in  his  charge^  for  tJie  fiscal 
fear  ending  June  30,  1868. 

•  •••••• 

I  would  respectftdly  refer  to  the  iini)ortance  of  consistent  and  uniform 
action  in  appropriating  money  to  carry  on  the  improvements  recom- 
mended for  these  harbors. 

The  plan  of  voting  a  part  of  the  money  asked  for  to  carry  out  a  given 
improvement,  and  then  neglect  it  on  the  succeeding  year,  when  often- 
time»  most  necessary,  is  bad,  vicious,  and  expensive.  The  result  of  such 
action  at  a  harbor  where  there  is  entei-prise,  is  an  attempt  to  continue 
the  impn)vement  by  the  residents;  where  there  is  no  feeling  of  this  kind, 
the  work  is  suffered  to  remain  in  the  unfinished  state.  The  tendency  of 
the  first  course  is  to  give  a  composite  order  of  construction,  always 
ungeemly  in  appearance,  and  often  injurious  to  the  harbor;  of  the  latter 
eourse,  to  destroy  and  let  go  to  waste  what  has  been  done. 

Congress  has  adjourned  without  appropriating  the  amounts  asked  for 
to  continue  the  works  under  my  direction.  This  failure  will  be  injurious 
to  many  of  the  harbors,  and  will  increase  the  futm*e  estimates  for  com- 
pletion. Fearing  such  action  on  the  part  of  Congress,  1  have  carried  on 
the  works,  so  as  to  secure  the  greatest  possible  benefit  to  the  general 
commerce  of  the  lakes  for  the  money  expended,  and  at  the  same  time 
have  such  work  conform  to  the  plan  approved  by  the  Chief  of  Engineers. 

Hence,  where  piers  already  existed,  and  tlie  plan  contemplated  a 
removal  of  them  wholly  or  in  part,  nothing  was  done  to  these  stiiictures, 
but  the  money  was  expended  in  extending  the  piers.  The  cribs  being 
oftentimes  placed  on  the  natural  bottom  of  the  lake,  were  allowed  to 
*ttle  well  before  the  pier  was  built  up.  By  so  doing,  we  were  enabled 
to  push  out  the  piers  into  the  lake,  and  materially  benefit  many  of  the 
^bors.  At  Ontonagon,  Manitowoc,  and  Aux  Bees  Scies,  where  the 
iners  start  finom  the  shore,  and  the  cribs  were  subject  to  a  scour  from 
the  current,  each  crib  was  settled  upon  a  foundation  prepared  by  a 
<iredging  machine.  This  is  the  plan  adopted  for  all  cribs  jilaced  in  a 
depth  of  water  less  than  12  feet,  and  wiis  not  departed  from,  only  in  those 
cases  where  it  was  extremely  difficult  to  procure  dredging  machines,  or 
where  the  cost  of  building  the  pier  in  this  manner  would  have  greatly 
exceeded  our  estimates.    I  am,  however,  of  th(i  opinion  that  in  all  cases 
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the  advantages  should  be  exceedingly  great  to  compensate  ns  for  neglect- 
ing to  prepare  the  proper  foundation  by  dredging. 

My  views  have  not  changed  concerning  the  superior  advantages  of  the 
pier  composed  of  cribs,  with  grillage  bottoms,  and  filled  with  stone 
ballast.  The  spaces  in  the  grillage  bottoms  should  be  large  enough  to 
allow  the  stone  filling  to  pass  through  freely  and  settle  on  the  bottom. 
Where  the  8tone  is  exi)ensive,  as  on  the  east  shore  of  Lake  Michigan,  or 
the  crib  rests  upon  a  quicksand  or  other  yielding  foundation,  it  adds  to 
the  expense  materially  by  inci^asing  the  quantity  of  stone  filling  used. 
The  firm  foundation  and  solid  work  gained,  however,  justify  the  expense. 

The  proper  form  of  the  crib,  the  dimension  of  the  timbers,  the  size  and 
number  of  bolts  used,  the  method  of  framing  or  carpentry,  are  questions 
that  I  would  Jike  to  see  discussed,  and  some  uniform  plan  adopted.  If 
it  were  possible  to  relieve  the  superintending  engineer,  who  disburses 
the  money  belonging  to  as  many  diiierent  appropriations  as  has  been 
my  lot,  from  a  poition  of  the  duties  now  intrusted  to  him,  it  would 
enable  him  to  devote  a  part  of  his  time  now  devoted  to  papei:  work,  to 
other  and  more  important  professional  duties;  and  as  it  is  imx)08sible, 
over  such  an  extent  of  country  and  so  many  works,  to  have  an  exact 
personal  knowledge  of  all  the  details,  he  trusts  to  his  assistants  for  the 
knowledge  of  the  aecounts  that  he  has  to  certify  to  as  correct  and  just. 
If  these  accounts  could  be  ceitified  to  by  the  assistants,  and  .each 
assistant  be  responsible  for  and  render  accounts  for  the  property  bought, 
it  would  not  increase  the  number  of  papers  in  the  engineer  department, 
it  would  increase  the  responsibility  of  each  assistant,  and  would  relieve 
the  superintending  engineer  from  a  great  deal  of  harassing  and  annoying 
pai)er  work, 


A  ^0. 1 

Harbor  of  Superior  City. 

Ontonagon,  Michigan, 

July  1,  1868. 

Colonel:  I  have  the  honor  to  submit  my  annual  report  on  the  im- 
pix>vement  of  the  harbor  of  Superior  City,  Lake  Superior,  for  the  year 
ending  June  30,  1868,  in  compliance  with  your  letter  of  instructions  of 
June  20,  1868, 

Congress  has  made  an  appropriation  of  f  63,000  for  the  work.  The 
superintendence  and  inspection  was  assigned  to  me  June  26, 1867. 

This  harbor  is  pituated  at  the  western  extremity  of  Lake  Superior,  in 
the  Bay  of  Superior,  which  is  about  six  miles  in  fength  and  one  mile  in 
width,  and  is  separated  from  the  head  of  the  lake  by  a  long  narrow  sand- 
spit  extending  from  the  bluffs  of  the  Minnesota  shore  in  a  direct  line  to 
the  entry  of  the  harbor,  nearly  six  miles.  This  renders  tlie  Bay  of 
Superior  a  safe  harbor  in  all  winds.  Tlie  channel  of  the  St.  Louis  river 
runs  diagonally,  and  nearly  in  a  straight  line  across  the  bay  from  the 
mouth  of  the  Bay  of  St.  Louis  to  the  harbor  entry,  which  is  the  proper 
mouth  of  the  St.  Louis  river.  This  channel  has  a  width  of  about  300 
feet,  and.  a  depth  fi^om  14  to  30  feet.  In  all  other  parts  the  bay'is 
shoal,  anil  will  require  dredging  to  make  it  available  for  navigation  by 
vessels  drawing  more  than  eight  feet  of  water.  The  general  features  of 
the  harbor  may  be  seen  by  reference  to  the  published  lake  sun^ey  chart. 


y  to  tills  pace. 

f  them,  the  SiisHissippi  aod  Lake  Superior,  is  now  being  con- 
.  from  St.  Paul,  Minnesota,  The  distance  to  BoiTalo  by  lake  is 
%rly  the  same  as  &om  Chicago.  The  annual  periods  of  naviga- 
1  about  the  same.  The  distance  to  the  waters  of  the  Pacific 
ill  be  about  200  miles  less  than  irom  Chicago.    It  seems  proper 

that  the  benefits  of  tliis  improvement  to  commerce  and  naviga- 

general  and  national. 

M»tioD  of  the  improvement  which  has  beeu  adopted  is  at  the 
intry  or  outlet  of  the  bay  of  Superior,  which  divides  Minnesota 
<om  Wisconsin  Point,  being  the  State  line.  The  plan  is  to  place 
laoQS  pile  of  loose  rock  along  the  shore  of  the  bay  across  the 
rater  to  the  extreme  end  of  Minnesota  Point,  and  there  begin 
f  cribs  in  a  direction  nearly  east  192  feet^  then  curving  northward 
lius  of  about  1,200  feet  for  a  distance  of  about  1,000  feet.  Then 
Dg  the  pier  north  56°  east,  across  the  pier,  cut  channel  to  18  feet 
■(  water  In  the  lake.  This  will  gradually  narrow  the  outlet  from 
;  to  300  or  350  feet  in  width  at  the  end  of  the  curve,  where  it  will 
Ined  to  the  same  width  by  the  Wisconsin  pier,  extending  in  a 
t  line  from  Wisconsin  Point  to  eighteen  feet  depth  of  water  in  the 

original  plan  was  to  reduce  the  opening  to  300  feet.  I  would 
lend  that  it  be  made  350  feet,  and  have  so  represented  it  on  the 
In  time  of  freshets  the  current  often  has  a  velocity  of  about 
js  per  hour,  which  will  be  sufflcieiitly  increased  wlieu  the  oitening 
xd  to  350  feet.  The  total  length  required  to  take  the  Minnesota 
18  feet  of  water  is  2^40  feet;  aud  1,664  feet  for  the  Wisconsin 

work  was  let  June  20, 1867.  The  parties  to  whom  it  was  assigned 
roceeded  with  the  work,  excepting  the  timber,  framing,  and  dredg- 
"his  part  of  the  work  was  consequently  asaignedto  the  next  lowest 
jjble  bidders,  Messrs.  Coburn  &  Bay,  of  Superior  City,  and  their 
!t  was  executed  July  25, 1867. 

deUvery  of  the  stone  was  commenced  July  22, 1867.  The  first 
was  delivered  October  8,  and  the  first  crib  placed  in  the  pier 
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work  and  materials  was  required  or  expected  daring  the  season  of  186 1 
The  full  amount  required  was  accomplished. 

The  following  is  the  account  of  materials  received  and  work  don 
during  the  season  of  1867  to  November  25: 

10,302  lineal  feet  12"  x  12"  timber,  at  24  cent« $2, 472  4 

5,162  lineal  feet  framing,  at  20  cents 1, 032  € 

625J  cords  stone,  delivered,  at  $11 6, 877  7 

39,538  pounds  iron  bolts  and  400  pounds  spikes,  at  5  cents. .     1, 996  9 

Total 12, 379  1 


During  my  absence  the  work  was  in  the  care  of  Mr.  E.  C.  Clark  a 
foreman  till  the  close  of  the  season. 

During  the  winter  the  contractors  were  engaged  in  cutting  and  pre 
paring  the  logs  and  timber  for  the  work.  The  ice  left  the  bay  of  Superio 
April  25, 1868.  Owing  to  constantly  prevailing  northeasterly  winds,  th 
broken  ice  from  other  parts  was  driven  to  the  west  end  of  the  lake^  an( 
remained  to  the  extent  of  several  miles  from  the  harbor  entry  until  th< 
second  week  in  June.  It  was  not  so  compact  as  to  prevent  the  passage 
of  propellers,  but  was  a  barrier  to  side- wheel  steamers  and  sail  vessels 
This  is  the  tnird  instance  of  the  kind  within  the  last  12  years.  Ordi 
narily  this  part  of  the  lake  is  clear  of  ice  by  the  last  of  April  or  the  firs 
part  of  May. 

The  first  crib  of  tliis  season,  being  the  seventh  in  number,  was  plac^ 
on  the  25th  of  April.  Seven  cribs  were  placed  during  May,  and  ten  ii 
the  month  of  June,  making  to  June  30, 1868,  24  cribs,  each  32  feet  long 
giving  768  feet  length  of  pier.  The  superstructure  is  finished  over  mon 
than  half  the  length.  The  first  cribs  are  in  about  four  feet  depth  of  water 
which  gradually  increases  till  a  depth  of  eight  and  one-half  feet  is  attainec 
at  the  24th  crib. 

No  danger  of  washing  and  undermining  was  apprehended,  as  the  forc( 
of  the  current  along  the  curve  of  the  pier  must  be  on  the  opposite  sid( 
of  the  channel.  It  was  considered  unnecessary  to  excavate  the  foundatior 
to  the  usual  depth,  and  as  the  pier  has  progressed  the  theory  is  proved 
correct  by  the  accretion  of  sand  on  both  sides  of  the  pier  throughout 
nearly  its  entire  length.  It  is  now  approaching  a  point  where  a  depth 
of  12  feet  or  more  should  be  required.  The  timber  is  of  an  excellent 
quality  of  pine,  and  the  \rork  is  well  done,  and  does  great  credit  to  the 
contractors,  and  our  foreman.  Captain  I.  B.  Schrom,  'who  has  given  it 
his  constant  attention  since  his  arrival  on  April  18,  1868. 

The  following  is  the  account  of  materials  received  and  work  done 
during  the  year  ending  June  30, 1868 : 

37,272  lineal  feet  12"  x  12"  timber,  delivered,  at  24  cents $8, 945  28 

8,400  lineal  feet  piles,  delivered,  at  13  cents 1, 092  00 

4,734  feet,  board  measure,  3"  x  12"  plank  for  walk,  at  $16. .  75  74 

41,988  pounds  iron  bolts,  at  5  cents 2, 099  40 

400  pounds  iron  spikes,  at  5  cents 20  00 

905  cords  stone  for  filling,  at  $11 9, 955  00 

52  cords  brush  and  slabs  for  filling,  at  $3 156  00 

31,738  lineal  feet  of  framing  done,  at  20  cents 6, 347  60 

Total 28, 691  02 

Total  length  of  pier  in  place,  768  feet. 

This  is  now  the  most  favorable  season  of  the  year  for  constructing 
such  work.    We  shall  have  at  least  36  cribs  in  place  by  August  1, 1868. 
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«eiit  appropriation  of  $63,000  will  be  exhausted  before  the  close 

?seDt  season.    The  whole  work  can  be  completed  durinir  the 

r  1869  and  1870. 

litioual  appropriations  required  will  amount  to  $200,000.    One 

thousand  dollars  can  be  profitably  expended  during  the  year 

me  30,  1869,  which  would  require  an  additional  appropriation 

J70,000. 

>er  can  only  be  procured  to  advantage  during  the  winter  season, 

tial  that  the  appropriation,  to  be  expended  profitably  each 

lould  be  obtained  as  early  as  December  of  the  previous  year. 

>osits  of  the  St.  Louis  and  Nemudjii  rivers  are  large,  and  it  is 

that  in  the  course  of  a  few  years  a  bar  will  be  formed  at  the 

»  piers  so  as  to  require  their  extension.    I  would  estimate  that 

sion  would  be  required  at  the  end  of  eight  years  from  their  com- 

t  a  cost  of  $40,000. 

imate  of  the  whole  cost  of  work  is  considerably  less  than  that 

b  annual  report.    More  length  of  pier  was  then  estimated,  which 

tual  survey  since  been  found  unnecessary,  and  a  greater  depth 

estimated.    The  estimate  for  dredging  is  also  diminished,  as  it 

d  that  the  river  current  will  do  a  portion  of  the  work. 

imates  are  based  on  the  present  contract  prices,  which  are  suffi- 

gh.    Superior  City  is  in  the  collection  district  of  Mackinac.    It 

of  entry.    No  customs  duties  were  collected  during  the  year 

me  30, 1868.    The  amount  of  fees  collected  during  the  year  on 

nd  clearances  was  $96  14.  TherewerelT  arrivals  of  steam  vessels 

sail  vessels,  total  28 ;  and  the  same  number  of  departures.    The 

amounted  to  35,730  pounds,  being  mostly  for  subsistence. 

ncipal  shipments  were  1,214,000  feet  of  lumber,  701  shingles,  629 

els  fish,  6,280  pounds  furs. 

is  a  light-house  at  the  entrance  of  the  harbor  on  Minnesota 

latitude  46°  46'  30^'  and  longitude  92©  3'  28". 

:ht  is  fixed,  of  the  fifth  order  of  lens,  and  can  be  seen  from  a  dis- 

15  miles  in  clear  weather. 

it  herewith  the  abstract  of  contracts,  showing  the  names  of 

•rs  and  prices ;  and  the  estimate  of  the  cost  of  the  whole  im- 

it,  with  the  sketch  of  the  harbor  entry. 

»ry  respectfully,  your  obedient  servant, 

HENRY  BACON,  Assistant 
and  Brevet  Colonel  J.  B.  Wheeler, 

Carps  of  Uiiffineers  United  States  Anny. 


Abstract  of  contracts  at  Superior  Cityj  Lake  Superior. 
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Estimate  of  the  oast  of  one  crib  32  feet  Umgj  20  feet  teide^  and  16  feet  high. 

32  pieces  timber  in  sidewalks,  12  X  12  inches — 32  feet. . .  1, 024  lineal  feet. 
53  pieces  timber,  ends,  ties,  and  grillage,  12  X  12  inches — 
20feet 1, 060  Hneal  feet. 

5  pieces  grillage,  28  feet 140  lineal  feet. 

Total 2, 224  lin.  feet,  at  24  cents    $533  76 

288  feet  board  measare  3  X  12-inch  plank  for  walk,  at  $16 4  61 

Framing,  including  placing,  &c.,  2,296  feet,  at  20  cents 459  20 

57i|  cords  stone  for  filling,  atfll 632  50 

6  cords  of  brush  or  slabs  for  filling,  at  |3 18  00 

3,028  pounds  iron  bolts  and  6  pounds  spikes — 3,034  pounds,  at  5  cents irVT  70 

Total 1,799  77 

Estimate  of  total  cost  of  imjprovement  at  Superior  City, 

122  cribs,  averaging  16  feet  high,  at  $1,799  77 $219, 671  94 

500  cords  stone  in  continuous  pile,  at  $11 5, 500  00 

8,400  lineal  feet  of  piles  for  snubbing,  ports,  fenders,  &c., 

at  13  cents 1, 092  00 

Driving  300  piles,  at  $4  each 1, 200  00 

Dredging  25,000  cubic  yards,  at  48  cents 12, 000  00 

Add  10  per  cent,  for  contingencies 23, 936  39 

Total 263, 300  33 


A  2. 


HABBOB  ONTONAGK)N,  MICHIGAN.  , 

Ontonagon,  Michigan,  July  1, 1868. 

Colonel:  In  obedience  to  your  letter  of  instructions  of  June  20, 
1868, 1  present  my  annual  report  of  the  progress  and  condition  of  the 
improvement  of  the  harbor  of  Ontonagon,  Lake  Superior,  during  the 
year  ending  June  30, 1868,  embracing  an  account  of  the  plan  adopted, 
estimate  of  the  amount  required  for  its  completion,  and  the  amount 
that  can  be  profitably  expended  during  the  year  ending  June  30, 1869, 
and  the  general  and  local  advantages  of  the  improvement  to  commerce. 

This  work  was  assigned  to  my  charge  June  26, 1867.  The  harbor  of 
Ontonagon  is  situated  at  the  mouth  of  the  Ontonagon  river,  on  the  south 
shore  of  Lake  Superior,  about  midway  between  the  natural  harbors  of 
the  Apostle  islands  on  the  west,  and  Copper  Harbor,  at  Keweenaw  Point, 
on  the  east,  distant  from  La  Point  about  75  miles,  and  from  Copper 
Harbor  85  miles,  with  no.  intervening  harbor  excepting  Eagle  Harlwr, 
which  is  14  miles  from  Copper  Harbor.  Ontonagon  is  the  most  favor- 
ably situated,  and  is  the  best  if  not  the  only  point  on  this  shore  of  150 
miles,  that  can  by  artificial  means  be  rendered  a  safe  harbor  of  reftige. 
It  is  the  commercial  centre  of  the  best  argricultural  region  of  Lake  Supe- 
rior,  and  one  of  the  best  mining  sections;  both  being  but  very  partially 
•developed.  It  is  ver^^  important  to  the  interests  of  commerce  and  navi- 
gation, general  and  local,  that  the  improvement  which  is  begun  here 
should  be  carried  forward  to  completion. 

Ontonagon  river  is  about  400  feet  in  width,  and  for  about  one-half  a 
mile  from  its  mouth  has  a  depth  of  8  to  12  feet,  and  a)  depth  of  5  feet  for 
4  miles  above. 

The  lake  shore  is  sand.  The  modem  deposits  of  the  river  extend 
nearly  half  a  mile  into  the  lake.  There  is  no  channel  at  present,  entirely 
across  this  bar.  of  more  than  six  feet  depth  of  water.  Channels  have 
been  made  by  tne  river  current,  and  closed  by  the  action  of  the  wind 
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vavM.  In  1856  vessela  drawing  from  10  to  11  feet  of  water  could 
r  the  month  of  the  river.  In  1859  the  depth  was  reduced  to  8  feet, 
to  6^  feet  in  1865.  DnriDg  the  greater  part  of  the  aeaaons  of  1866 
1867  vessels  could  enter  drawing  9  to  10  feet  of  water.  The  channel 
closed  to  its  present  depth  hy  a  severe  storm  during  the  last  days 
ctober,  1867.  The  plan  of  improvement  adopted  is  to  extend  two 
ilel  piers  of  cribs,  in  a  direction  nearly  northwest,  entirely  across, 
ar  to  18  feet  depth  of  water,  making  a  pier  of  cribs  on  the  easterly 
of  2,560  feet  length,  and  2,112  feet  on  the  westerly  side;  the  clear 
ti  between  the  piers  to  be  250  feet.  I  annex  a  sketch  of  the  mouth 
le  river,  showing  the  present  condition  of  the  work,  and  also  the 
ins  of  attempted  improvementB  made  some  years  since  by  the 
ty  of  Ontonagon. 

eJiows  the  position  and  progress  of  onr  work  on  the  east  side  of  the 
;  there  being  12  cribs  placed,  387  feet  and  62  feet  of  connecting 
:,  from  the  dock  to  crib  No.  1,  built  on  piles  sawed  off  to  low-water 
ice,  to  correspond  to  the  crib-work  in  the  superstructure.  On  the 
ride  it  in  proposed  to  begin  the  pier  of  cribs  at  the  end  of  the  old 
irorkB.  From  that  point  to  the  shore  the  old  work  is  very  imperfect, 
there  is  a  space  of  25  feet  where  there  are  no  piles  left. 
reold  recommend  that  the  continuous  pUiug  be  completed  on  the 
:,  and  driven  at  20  feet  width  on  the  back  side,  and  all  sawed  off  to 
rater  surface,  and  superstructures  built  to  corresi)oud  to  the  crib 
This  method  of  making  the  connection  with  the  shore  is  recom- 
ded  on  account  of  its  economy  compared  with  that  of  removing  the 
I  and  placing  cribs.  An  estimate  is  included  for  this  256  feet  in 
th,  as  well  as  the  62  feet  on  the  other  side  before  mentioned.  The 
rork  on  the  easterly  side  consists  of  two  rows  of  continuous  piling, 
aboQt  300  feet  in  length,  with  some  detached  piles,  and  the  remains 
nr  sunken  cribs  in  the  same  line,  by  that  time  require  some  repairs, 
nld  estimate  the  amount  required  for  extension  and  repairs,  at  the 
of  13  years,  at  $40,000. 

le  work  was  awarded  to  the  different  contractors  June  20,  1867. 
contracts  for  timber  and  framing,  and  stone  and  brusli  for  filling, 
signed  July  24, 1867.  On  account  of  the  lateness  of  the  season 
1  the  work  was  let  and  contracts  signed,  but  a  small  amount  of  work 
expected  or  required  during  the  season  of  1867,  The  contractors 
ill  the  material  delivered  by  October  1,  1867,  which  was  required 
lat  time  by  their  coutracts. 

le  work  of  framing  was  begun  October  7, 1867,  and  five  crib-bottoms 
framed  and  launched  by  Octol>er  19, 1867. 

ter  much  delay  in  getting  the  dredging  machine  in  working  order 
xcavating  the  foundation,  several  ineffectual  attempts  were  made 
ace  a  crib.  The  work  was  abandoned  for  the  season  November  8, 
,  the  constantly  recurring  storms  not  giving  time  enough  to  pre- 
a  foundation  and  place  a  crib.  At  the  close  of  the  season  of  1867, 
■mber  30,  the  following  materials  had  been  delivered :  8,289  lineal 
at  12  by  12  inch  timber;  644  lineal  feet  of  piles:  .5,010  cubic  yards 
cme  for  filling;  40,000  pounds  of  irou  bolts  and  400  pounds  of  spikes, 
iring  the  winter  montlis  the  contractors  were  engaged  in  cutting 
making  the  timber  on  the  Ontonagon  river.  The  work  of  framing 
preparing  the  foundations  for  cribs  was  begun  April  27, 1868.  Tlie 
crib  was  placed  May  2  to  nearly  eight  feet  depth  of  water.  Three 
i  were  placed  during  the  month  of  May,  in  which  the  weather  was 
nnfavorable,  and  nine  have  been  placed  during  June,  nmking  13  in 
They  were  ordered  to  be  sunk  to  at  least  nine  feet  depth  of  water. 
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The  first  four  are  nearly  to  eight  feet  depth;  the  remainder  are  to  nine 
feet  depth. 

No  stone  for  filling  nor  iron  bolts  and  spikes  have  been  delivered  this 
season.  The  contractors  will  begin  the  delivery  of  the  stone  and  iron 
within  a  few  days. 

The  following  is  the  accoant  of  work  done  and  material  delivered 
during  the  year  ending  June  30, 1868 : 

39,305  lineal  feet  of  12  by  12  inch  timber,  at  15.7  cents $6, 170  88 

844  lineal  feet  of  piles,  at  8  cents 67  52 

5,610  cubic  yards  of  stone  filling,  at  $3  75 21, 037  50 

202  cubic  yards  of  slabs  for  filling,  at  $1  26J 255  53 

40,000  pounds  of  l^inch  square  bolts,  at  5  cents 2, 000  00 

400  pounds  of  spikes,  at  5  cents 20  00 

14,897  lineal  feet  of  framing  done,  at  16.7  cents 2, 487  80 

Total 32, 039  23 


The  total  length  of  pier  in  place  is  449  feet. 

The  superstructure  is  begun,  but  no  portion  completed. 

This  is  now  the  best  season  of  the  year  for  placing  the  cribs.  We 
shall  without  doubt  have  25  cribs  in  place  by  August  1,  (865  feet  length 
of  pier.)  About  40  cribs  will  be  in  place  and  the  superstructure  finished 
before  the  close  of  the  season.  It  is  not  probable  that  more  than  $20,000 
of  the  appropriation  of  $97,600  will  remain  unexpended  at  the  close  of 
the  season  of  1868.  From  that  time  to  the  close  of  the  fiscal  year  $80,000 
can  be  .profitably  expended,  thus  requiring  an  appropriation  of  $60,000 
for  the  year  ending  June  30, 1869. 

r  have  made  daily  observations  of  the  water  surface  of  the  lake  during 
my  presence  at  Ontonagon,  excepting  in  the  frozen  season,  noting  also 
the  force  and  direction  of  winds.  I  give  the  average  elevation  of  the 
water,  generally  from  three  daily  observations,  with  the  greatest  varipr 
tion  during  the  day. 

The  base  is  above  the  water  surface,  so  that  when  the  given  figures 
are  least  the  water  is  highest.  The  base  is  the  same  as  the  one  used  by 
the  lake  survey  at  this  place.  During  a  small  portion  of  the  time  there 
is  but  little  or  no  ebb  and  fiow;  but  during  the  greater  part  of  the  open 
season  there  is  a  constants  vibration,  or  ebb  and  fiow;  at  very  nearly 
regular  periods  of  time  fiowing  from  7J  to  10  minutes  and  ebbing  in  the 
same  time.  This  vibration,  which  during  one  day  amounted  to  25  inches, 
is  entirely  independent  of  winds,  exceptmg  in  a  few  observed  instances, 
like  October  29, 1867,  when  the  water  was  steadily  raised  by  a  northerly 
gale.  Ontonagon  is  situated  in  the  collection  district  of  Mackinac;  it  is 
a  port  of  entry.  Mr.  E.  F.  Prince,  the  deputy  collector,  informs  me  that 
the  duties  on  imports  collected  here  amounted  to  $280  10 ;  the  amount 
collected  for  fees  is  $155  05 ;  total  collected  during  the  year  ending 
June  30, 1868,  $435  15. 

The  number  of  vessels  arrived  during  this  year  is  79  steamers,  59,600 
tons;  27  sail  vessels,  3,291  tons.    Total,  62,891  tons. 

Clearances:  79  steamers,  59,600  tons;  28  sail  vessels,  3,379  tons. 
Total,  62,979  tons. 

There  is  a  light-house  at  Ontonagon,  of  the  fifth  order  of  lens,  with  a 
fixed  light  which  can  be  seen  in  clear  weather  at  a  distance  of  15  miles. 
The  business  of  the  Lake  Superior  regions  is  in  a  very  depressed  con- 
dition, owing  to  the  low  price  of  copper  and  the  high  cost  of  mining^ 
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caused  by  the  high  price  of  labor  and  subsistence.  There  can  be  no  « 
doubt  of  the  great  value  of  this  region  and  a  future  revival  of  business. 
I  annex  to  this  report  the  sketch  of  the  mouth  of  the  river  before  men- 
tioned, and  the  following  estimate  of  the  full  cost  of  the  improvement 
based  on  present  prices;  also  an  abstract  of  contracts,  with  names  of 
contractors  and  prices,  and  tables  of  domestic  exports  and  imports. 

Respectfully  submitted. 

HENEY  BACON,  Assistant 

Brevet  Colonel  J.  B.  Wheeler, 

Major  of  Engineers  U.  8.  Army. 


f 
Estimate  of  the  cost  of  one  crib  32  feet  long^  20  feet  tdde,  16  feet  high. 

Thirty-two  pieces  12  by  12  inch  timber,  32  feet  long,  1,024  feet ;  53 
pieces  12  by  12  inch  timber,  20  feet  long,  1,060  feet;  6  pieces  12  by  12  inch 
timber,  28  feet  long,  140  feet.    Total,  2,224  feet,  at  15.7  cents,  $349  17. 

288  feet  board  measure  plank  for  foot-walk,  at  $18  per  M. . .  $5  18 

Framing,  including  placing,  &c.,  2,296  feet,  at  16.1  cents 383  43 

272  cubic  yards  stone  for  filling,  at  $3  75 1, 020  00 

27  cubic  yards  slab  or  brush  for  filling,  at  $1  26J 34  15 

3,028  pounds  l|-inch  square  bolts  and  6  pounds  of  spikes, 

3,035  pounds,  at  5  cents 161  70 

Total  cost  of  one  crib 1, 943  63 


Estimate  of  total  cost  of  the  improvement 

146  cribs,  averaging  16  feet  in  height,  at  $1,943  63 $283, 769  98 

15,000  lineal  feet  of  piles  for  connecting  work,  &c.,  at  8 

cents 1, 200  00 

Driving  600  piles  for  connecting  work,  at  $5  each 3, 000  00 

Superstructure  of  pier  of  318  feet  length,  built  on  piles, 

6,400  lineal  feet  of  12  by  12  inch  timber,  at  15.7  cents 1, 004  80 

2,862  feet  board  measure  3-inch  plank  in  foot  walk,  at  $18 

per  M 51  62 

Pnaning  7,115  feet  superstructure,  including  cutting  piles, 

&c.,  at 20cents 1, 423  00 

2,968  cubic  yards  of  stone  for  filling,  at  $3  71 11, 130  00 

9,740  pounds  l^inch  square  bolts  and  60  pounds  spikes, 

9,800  pounds,  at  5  cents 490  00 

COST  OF  REMOVING  OBSTRUCTIONS. 

Bemoving  455  piles,  at  $6 2, 730  00 

Kemoving  remains  of  old  cribs 1, 000  00 

Total 305, 799  30 

Add  10  per  cent,  for  superstructure  and  contingencies 30, 579  93 

Total 336, 379  23 
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Abstract  of  contracts  at  Ontonagon^  Lake  Superior, 


Reridenoe. 

Istelaas:  Timber. 

2d  class: 
Iron. 

3d  class: 
FilUng. 

4th  el's :  5th  cfi: 
Fnun'g.  Dred'g. 

Mameofeoatract* 
on. 

Pine,  per  lineal 
foot. 

Other,  per  lineal 
foot. 

Plank,    board 
meaiare. 

PUet,  per  lineal 
foot. 

1 

• 

t 

S 

It 

QQ 

Brash  or  slabs, 
cable  yards. 

Per  lineal  foot. 
Per  cubic  yard. 

Gelleydk  Weston. 
8. 8.  Vaufirhn .... 

Bfilwaukee. 
Bayfield.. . 

eenu. 
15  7-10 

cents. 
15  7-10 

$18 

cents. 
8 

cents. 

cents. 

cents. 
16  7-10   

$3  75 

$1  26i 

Peter  White 

Marquette . 

< 



••■••• 

5 

5 

!!  .  '  1. 

1 

Domestic  exports  from  the  Port  of  Ontonagon  during  the  year  ending  June 

30, 1868. 

Tons. 

Potash 20 

Hay 250 

Copper 1, 500 

Fish,  1,000  half-barrels  fish 75 

Leather 30 

Saudries 50 

Lumber,  1,000  feet 250 

Total. 2, 175 


4,100 

180 

120 

60 

100 

230 

365 

400 

75 

35 

290 

90 

4,000 

650 

3,000 

13,500 

170 

1,150 


Domestic  imports. 

Tods. 

barrels  flour , 451 

barrels  lime 22 

barrels  lard 18 

barrels  molasses 15 

barrels  oil :...... 15 

barrels  pork 35 

barrels  sugar 42 

barrels  salt 60 

barrels  vinegar 11 

barrels  fuze 3 

barrels  hams 41 

kegs  nails 4J 

kegs  powder 60 

boxes  candles .*. 19J 

bushels  corn 84 

bushels  oats 216 

tonsmeal 170 

tons  sundries 1, 150 

Total 2, 417 
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A  3. 
EAGLE  HABBOB. 

Ontonagon,  Michigan,  July  1, 1868. 

Colonel:  In  obedience  to  your  letter  of  instructions  of  June  20, 
1868, 1  submit  my  annual  report  of  the  progress  and  condition  of  the 
improvement  of  Eagle  harbor,  Lake  Superior.  The  sui)erintendence 
and  insx)eetion  of  this  work  was  assigned  to  me  July  20. 1867. 

An  appropriation  of  $65,000  has  been  made  by  Congress  for  the 
improTement. 

Eagle  Harbor  is  situated  on  Keweenaw  Point,  about  14  miles  west  of 
Copper  Harbor.  It  is  an  indentation  of  the  rocky  coast,  about  seven- 
eighths  of  a  mile  in  length  east  and  west,  and  one-fourtn  of  a  mile  in 
width,  with  an  opening  into  the  lake  of  about  1,500  feet  in  width.  This 
opening  has  less  than  nine  feet  depth  of  water  excepting  on  about  200 
feet^ 

The  portion  of  the  harbor  which  has  a  depth  of  water  of  12  feet  or 
more  is  directly  in  front  and  westerly  fit)m  the  entrance.  The  eastern 
portion  is  shoal.  The  bottom  in  the  harbor  at  the  entrance  and  ap- 
proaches is  solid  trap  rock,  covered  in  many  places  with  smooth  pebbles. 
At  the  present  stage  of  the  water  it  is  difficult  for  vessels  to  enter 
drawing  more  than  nine  feet  of  water,  and  only  in  calm  weather. 

The  present  stage  of  water  is  about  one  foot  below  its  average  level, 
the  whole  general  variation  being  about  two  feet,  leaving  out  of  the 
account  the  sudden  and  temporary  fluctuations.  In  order  to  obtain  a 
proi)er  entrance  to  the  harbor  it  is  necessary  to  remove  the  rock  to  the 
depth  of  14  feet  of  water.  This  would  enable  vessels  drawing  11  feet  of 
water  to  enter  at  all  times,  unless  in  a  very  heavy  sea. 

The  published  chart  of  this  harbor  flake  survey)  will  show  its  gen- 
eral features.  I  submit  herewith  a  sketcli  marked  A,  showing  the  harbor 
entrance  and  the  position  of  the  proposed  channel,  and  soundings 
taken  in  and  adjacent  to  the  same.  Also  a  table  of  soundings  in  squares 
of  10  feet,  marked  B.  I  made  the  survey  and  soundings  during  Janu- 
ary and  February,  1868.  The  work  was  done  on  the  ice  with  care  and 
precision. 

The  plan  of  improvement  adopted  is  to  excavate  a  channel  across  the 
bar  at  the  entrance  to  14  feet  depth  below  the  water  surface  of  Feb- 
ruary, 1868,  and  to  a  width  of  80  feet — the  average  length  being  about 
280  feet — and  construct  a  breakwater  of  cribs  20  feet  in  width,  closing 
the  opening  of  1,500  feet,  excepting  220  feet,  thus  leaving  space  for  the 
further  widening  of  the  cnannel.  The  water-level  from  which  the  sound- 
ings were  made  is  preserved  by  three  bench  marks,  the  position  and 
elevation  of  which  are  described  and  given  on  the  sheet  containing  the 
soundings  and  the  sketch  before  mentioned.  I  have  made  calculations 
of  the  excavations  required  to  obtain  14  feet  of  water,  and  also  13  feet, 
in  sections  of  10  feet  in  width,  parallel  to  the  target  range,  numbering 
from  east  to  west;  section  No.  1  being  55  and  65  feet  east  of  the  target 
range. 
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The  following  are  the  results: 


Excavation  to  14  feet 

depth. 

Excavation  to  13  feet  depth. 

Sec*n. 

Cubic  feet. 

Sec'n. 

Cubic  feet. 

Sec'n. 

Cubic  feet. 

Sec*n. 

Cubic  feet. 

1 

8,415 

12 

6,800 

1 

5,265 

12 

4,280 

2 

8.095 

13 

6,935 

2 

4,985 

13 

4,480 

3 

8,225 

14 

6,945 

3 

5,185 

14 

4,560 

4 

7,980 

15 

6,835 

4 

5,090 

15 

4,590 

5 

7,430 

16 

6,775 

5 

4,630 

16 

4,585 

6 

7,370 

17 

6,935 

6 

4,565 

17 

4,7K 

7 

7,620 

18 

7,065 

7 

4,730 

18 

4,930 

8 

7,680 

19 

6,865 

8 

4,755 

19 

4,735 

9 

7,310 

20 

7,055 

9 

4,435 

20 

5,035 

10 

7,010 

21 

7,960 

10 

4,215 

21 

5,540 

11 

6,840 

22 

9,010 

1 

11 

4,170 

22 

6,580 

The  original  plan  was  to  excavate  to  a  width  of  130  feet.  This  should 
at  some  future  day  be  carried  out. 

The  location  of  the  channel  adopted  is  fix)m  sections  10  to  17,  inclusive, 
80  feet  in  width. 

It  will  appear  from  the  above  table  that  this  will  require  2,039  -j^^ 
cubic  yards  of  excavation  for  the  14  feet  depth. 

This  location  requires  the  least  excavation  to  bring  80  feet  in  width 
to  the  required  base. 

The  least  excavation  required  for  130  feet  in  width  to  the  same  base, 
is  found  to  be  from  sections  No.  8  to  No.  20.  inclusive,  making  3,372  ^^ 
cubic  yards.  The  least  excavations  for  130  feet  in  width  to  the  depth 
of  13  feet  is  found  from  sections  No.  5  to  No.  17,  inclusive,  2,176  ^^ 
cubic  yards. 

The  only  part  of  the  work  let  is  the  removal  of  the  rock. 

Proposals  were  received  and  opened  according  to  advertisement,  July 
31JL867. 

The  following  is  the  abstract  of  the  bids  received : 


No. 

Names  of  bidders. 

Residence. 

Price  per 
cubic  yard. 

-  Remarks. 

• 

1 

John  A.  Bailv 

James  H.  Mallaroj 

David  Smoke 

Detroit,  Michigan 

Chicago,  Illinois 

Manitowoc,  Wisconsin. 

Chicago,  Illinois 

Manitowoc,  Wisconsin . 

$75  00 
59  40 
54  00 
58  00 
63  87 

Rejected  for  informalitj. 

4 

David  Ouinn 

5 

Packbard  &  Hoes 

The  contract  was  assigned  to  David  Quinn  as  the  lowest  responsible 
bidder,  at  $58  per  cubic  yard.  It  was  executed  August  10, 18G7.  Mr. 
Quinn  visited  Eagle  harbor  during  the  last  days  of  August  and  first  of 
September,  1867,  but  as  the  weather  proved  very  unfavorable,  no  work 
was  done  excepting  some  experiments  of  exploding  powder  on  the 
surface  of  the  rock  beneath  the  water,  which  were  unsatisfactory. 
Mr.  Quinn  visited  Eagle  harbor  again  about  the  26th  of  October,  and 
remained  but  a  few  days,  as  the  weather  was  constantly  boisterous. 
Nothing  could  then  be  done  till  the  harbor  should  be  frozen  over  in 
winter.  This  does  not  often  happen,  excepting  very  temporarily,  sooner 
than  the  middle  of  January. 
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In  1868  it  was  frozen  about  January  24,  and  after  breaking  and 
moving  out  several  times,  it  was  broken  up  for  the  season,  March  10, 
1868.  I  completed  my  survey  and  soundings  of  the  harbor  entrance 
February  9,  and  Mr.  Quinn  began  the  work  of  drilling  directly  after, 
having  previously  made  some  unsatisfactory  experiments  in  surface- 
blasting.  There  is  not  a  sufficient  depth  of  water  for  this  method. 
When  the  ice  broke  up  for  the  season,  March  10, 1868,  the  work  of  drill- 
ing, grappling,  &c.,  was  well  organized,  there  being  about  40  men 
employed.    One  hundred  cubic  yards  of  rock  had  been  removed. 

The  harbor  entrance  is  usually  well  frozen  for  more  than  two  months 
during  the  winter  and  spring,  and  often  more  than  three  months. 

The  work  was  suspended  till  Mr.  Quinn  arrived,  May  27, 1868,  when 
he  again  resumed  the  work  of  drilling  and  grappling  the  loose  rock. 
Experiments  on  this  work  have  proved  that  nitro- glycerine  is  the  best 
explosive  material  that  can  be  obtained,  and  Mr.  Quinn  contracted  for 
the  delivery  of  1,000  pounds,  or  more,  by  the  last  of  May. 

For  some  reason,  said  to  be  on  account  of  quarrels  between  the  manu- 
facturers, none  has  been  received,  and  I  fear  that  there  will  be  a  further 
delay  of  a  month  or  more.  This  delay  is  very  unfortunate,  as  we  are 
losing  the  best  of  the  season,  which  is  a  very  favorable  one.  A  large 
number  of  holes  have  been  drilled  to  at  least  six  inches  below  the  grade 
line,  so  that  short  work  may  bo  made  of  removing  the  rock  when  the  blast- 
ing oil  is  obtained.  A  pound  of  nitro-glycerine  in  a  2i-inch  hole  breaks 
the  rock  into  small  fragments  for  several  feet  distance,  breaking  it  much 
smaller  below  than  at  the  surface  of  the  rock.  It  is  easily  drilled  and 
fractured,  being  intersected  by  close  seams.  The  drilling  is  done  on 
rafts,  by  the  use  of  spring-poles  so  placed  as  to  use  the  drills  near  the 
centre  of  the  raft,  where  there  is  but  little  motion  to  the  raft  in  a  moderate 
sea.  It  has  proceeded  during  the  present  season  with  but  very  little 
interruption  by  storms. 

Mr.  Quinn  has  four  scows  and  a  large  amount  of  grappling  machinery. 
He  has  also  a  dredging  machine  of  a  simple  kind,  worked  by  a  small 
steam-engine. 

The  method  of  drilling  is  perhaps  primitive,  but  not  very  expensive, 
co8ting  not  more  than  $2  per  lineal  foot  for  2  J-inch  holes.  If  the  work  of 
constructing  the  breakwater  were  in  progress,  the  rock  removed  from 
the  channel  could  be  completed  during  the  season  of  1869. 

I  would  recommend  that  the  work  of  constructing  the  breakwater  be 
let  as  soon  as  the  appropriation  is  made  for  the  whole  w«rk. 

I  have  to  rei>ort  only  100  cubic  yards  of  rock  excavation  to  July  1, 1868. 
The  whole  work  can  be  completed  during  this  season  and  that  of  1869. 

One  hundred  thousand  dollars  can  be  profitably  expended  during  the 
year  ending  June  30, 1869. 

Responsible  parties  would  now  contract  to  do  the  rock  excavation  at 
140  per  cubic  yard.  • 

Eagle  harbor  is  in  the  collection  district  of  Mackinac.  It  is  a  port  of 
entry.  I  learn  from  Mr.  P.  C.  Bird,  the  deputy  collector  of  customs,  ^ 
and  keeper  of  the  light-house,  that  there  were  no  custom  duties  collecteci 
on  imjwrtations,  and  that  the  fees  for  reports  and  clearances  amounted 
to  $79  05  during  the  year  ending  June  30, 1868,  and  that  the  light  at 
Eagle  harbor  is  of  the  fifth  order,  revolving  F.  h.  F. 

'Hie  benefits  of  this  improvement  to  commerce  and  navigation  are 
mostly  locaL 

The  copi>er  mining  region,  which  is  tributary  to  this  place,  is  one  of 
the  richest  on  Lake  Superior.  The  present  is  a  time  of  great  depression 
in  copper  mining,  owing  to  the  low  price  of  copper  and  high  cost  of 
subfidstence. 
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The  annexed  tables  of  receipts  and  shipments  are  some  indicators  of 
its  importance.  When  this  improvement  is  finished  it  will  need  no 
repairs,  excepting  on  the  superstructure,  by  reason  of  the  natural  decay 
of  the  timber  in  the  breakwater. 

I  submit  herewith  the  following  estimate  of  the  whole  cost  of  the 
improvement,  the  sketch  of  the  entrance  to  the  harbor,  the  table  of 
soundings,  and  table  of  receipts  and  shipments. 
Very  respectfully,  your  obedient  servant, 

HENEY  BACON,  Assistant. 

Major  and  Brevet  Colonel  J.  B.  Wheeler, 

Corps  of  Engineers  JJ.  8.  A. 


Ustimate  of  the  cost  of  improving  Eagle  harbor,  Lake  Superior, 

Cost  of  one  crib  for  breakwater,  32'x20'  x  12'.    (Average:) 
24  pieces  of  timber,  12'' x  12'' x 32' =  768  lineal  feet,  for  sidewalk;   41 
pieces  of  timber,  12"  x  12"  x  20'  =  820  lineal  feet,  for  grillage  ties  and 
ends;  5  pieces  of  timber,  12" x  12" x 28' =  140  lineal  feet, 

for  grillage.    Total,  1,728  lineal  feet,  at  20  cents f  345  60 

288  feet  B.  M.  3"  x  12"  plank  for  walk,  at  $20  per  thousand.  5  76 

2,806  i>ounds  iron  bolts,  IJ-inch  square,  at  5  cents 140  30 

6  pounds  spikes,  at  7  cents 42 

210  cubic  yards  stone  for  ballast,  at  $1  75 367  50 

18  cubic  yards  slabs  or  brush,  at  80  cents 14  40 

Framing,  including  sinking,  and  placing  cribs,  1,752  lineal  feet, 
at  20  cents 350  40 

Total  cost  of  one  crib 1,224  38 


40  cribs,  making  1,280  feet  of  pier,  at  $1,224  38 $48,975  20 

2,040  cubic  yards  rock  excavated,  at  $58 118,320  00 

Total 167,295  20 

Add  10  per  cent,  for  contingencies 16,729  52 

Total  cost  of  80  feet  width  of  channel  and  breakwater 184,024  72 

Additional  cost  of  excavating  rock  to  130  feet  width  of  chan- 
nel, 1,332  ^  cubic  yards,  at  $40 53,296  40 

Total 237,321  12 


• 


United  States  Engineer's  Office, 
Milwaukee^  Wiscon^sin^  February  21, 1868. 

Genteral:  I  mentioned  in  my  report  of  monthly  operations  for 
January,  1868,  dated  Febraary  13,  that  I  had  required  Assistant  Henry 
Bacon  to  take  advantage  of  the  ice,  if  it  formed  over  the  entrance  of 
Eagle  harbor,  and  remeasure  the  amount  of  excavation  required  in  the 
channel  at  this  harbor.  He  has  completed  the  work,  and  I  attach  here- 
with his  report  and  computations.  These  latter  have  been  carefully 
examined  in  this  office,  and  found  to  be  an  excess  of  the  true  amount, 
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21.34  cabic  yards,  an  excess  arising  from  averaging  the  depths,  and  cal- 
culating each  column  instead  of  coufputing  the  cubic  contents  of  each 
square  by  itself.  I  attach  a  copy  of  the  tracing  furnished  me  by  General 
Keynolds,  and  is  a  copy,  I  suppose,  of  sketch  A,  referred  to  in  his  report 
of  October  13, 1866.  Mr.  Bacon  finds  a  diflference  in  the  position  of  the 
diannel,  in  the  general  depth  of  the  water,  and  in  the  contour  of  the 
surface  of  the  rock.  Locating  the  target  range  by  buoys  in  1865  may 
explain  the  first ;  the  surface  of  the  lake  being  lower  now  than  then, 
explains  the  second;  and  the  soundings  made  at  irregular  distances, 
affected  by  the  undulations  of  the  water,  and  these  approximated  for 
those  points  not  ascertained,  would  explain  the  third  difference.  .The 
peculiar  advantage  afforded  by  the  ice,  and  the  soundings  made  every 
10  feet,  render  Mr.  Bacon's  measurements  more  accurate  and  his  compu- 
tations more  reliable.  We  see,  then,  that  to  improve  this  harbor,  as  con- 
templated, we  must  remove  about  3,600  cubic  yards  of  rock.  It  seems 
a  waste  of  money  to  continue  the  work  if  Congress  should  fail  to  appro- 
priate an  additional  sum.  Mr.  Bacon  incurred  the  expense  of  $97  50  for 
payment  of  laborers  to  assist  him.  I  have  sent  him  pay-rolls  to  have 
sign^,  and  would  respectfully  ask  for  authority  to  pay  the  amount 
incurred  in  this  remeasurement. 

I  am,  general,  very  respectfully,  your  obedient  servant, 

J.  B.  WHEELEE, 
Major  of  Engineers  aiid  Brevet  Colonel  U.  8,  A. 

Major  General  A.  A.  Humphreys, 

Chief  of  En{jineer8j  Commanding  Corps  of  Engineers  U,  8.  A. 


Eagle  Harbor,  February  8, 1868. 

Sir:  Enclosed  I  transmit  the  result  of  my  surveys  and  soundings  of 
Eagle  harbor,  made  for  the  purpose  of  locating  the  channel  and  measur- 
ing the  rock  excavation  to  be  done.    I  also  enclose  the  voucher  of  Mr. 
Qumn  for  the  labor  furnished,  wliich  covers  the  whole  expense  aside 
from  my  own  services,  $97  50.    I  have  made  the  survey  and  soundings 
with  care  and  precision.    I  find  that  the  plan  or  sketch  which  was  fur- 
nished from  your  headquarters  is  not  correct  horizontally,  to  say  nothing 
of  the  soundings.    The  west  side  of  the  channel,  as  I  have  laid  it  for  13 
feetof  ^water,  105  feet  from  the  target  range,  is  further  (northeasterly) 
from  the  dock  than  the  represented  distance  on  the  sketch  from  the  dock 
to  the  west  side  of  the  channel,  (65  feet  from  range.)    You  will  see  by  the 
results  of  the  calculation  that  the  least  work  is  required  on  the  14-foot 
base  by  locating  the  channel  five  feet,  and  135  feet  west  of  the  target 
range,  while  on  the  base  a  foot  higher  the  lines  are  25  feet  east  and  105 
feet  west.    As  Mr.  Quinn's  contract  requires  him  to  cut  14  feet  below  low 
water,  I  have  directed  him  to  aim  for  that  depth  until  he  hear  from  you, 
but  to  work  only  on  the  80  feet  in  width  from  sections  No.  10  to  17  inclusive, 
25  to  105  west  of  range.    I  have  also  instructed  him  to  do  no  work  on 
rock  already  13  feet  below  till  your  decision  is  made.    The  water  must 
have  been  at  least  one  foot  higher  than  at  present  when  the  soundings 
were  made  in  1865.    I  suppose  it  is  out  of  the  question  to  cut  130  feet 
width  and  14  feet  below  the  present  level.    We  must  either  raise  the 
base  or  lessen  the  width.    If  there  is  never  less  than  13  feet  depth  it 
would  be  enough  for  any  vessels  which  can  pass  the  Sault  canal,  even 
allowing  something  for  undulating  in  rough  weather,  wliich  will  be  to 
some  extent  remedied  by  the  breakwater.    It  would  be  well  if  you  would 
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write  the  decision  to  Mr.  Quinn  at  Eagle  harbor  a«  well  as  to  me, 
especially  if  the  base  is  raised,  as  hh  instructions  are  to  cut  14  feet. 

I  expect  to  return  to  Ontonagon  next  week,  starting  10th.  I  have 
preserved  range  lines  on  shore  so  as  to  be  able  to  identify  the  various 
points  in  the  channel. 

Mr.  Quinn  has  tried  another  surface  blast  with  powder  since  my  monthly 
report,  but  without  perceptible  effect.  He  is  preparing  now  for  drilling 
extensively.  You  mil  notice  in  the  calculation  of  excavation  that  when 
the  cuttings  run  from  above  to  below  base  on  the  10-foot  sections,  they 
are  estimated  as  zero.  At  the  point  below  this  is  slightly  erroneous,  and 
will  be  corrected  on  flnal  estimate.  The  calculations  otherwise  are 
mathematically  correct.    The  work  is  laid  off  in  10-foot  squai'es. 

Very  respectfully,  your  obedient  servant, 

HENEY  BACON. 
Colonel  J.  B.  Wheeler, 

Major  of  Engineers  U,  S.  A.y  Milwaukee^  Wisconsin. 


X'. 


A  4. 

Office  United  States  Engineers, 

Milwauh€€y  June  30, 1868. 

Sm:  I  have  the  honor  to  submit  the  following  report  upon  the  harbc^^ 
of  Marquette,  Michigan: 

This  harbor  is  situated  upon  the  south  shore  of  Lake  Superior, 
distance  of  about  160  miles  to  the  westward  of  the  Sault  St  Ma3 
which  is  at  the  head  of  what  is  termed  the  St,  Mary's  river,  and  al 
125  miles  west  by  south  of  Whitefish  Point,  which  is    the   east 
extremity  of  Lake  Superior  proper.    The  harbor  on  the  south  sir 
Grand  island  is  the  only  place  wliich  offers  shelter  to  vessels  beti 
these  two  points;  and  as  the  natural  harbor  of  Marquette  is  expos 
the  heavy  seas  from  the  northeast,  it  has  heretofore  been  impractv 
for  vessels  to  receive  or  discharge  freight,  or  even  to  ride  at  ani 
during  the  prevalence  of  a  moderate  gale  of  wind  from  that  qus 
Under  such  circumstances  they  have  been  obliged  to  run  back  to^ 
island,  a  distance  of  about  35  miles,  or  to  beat  about  upon  the  lake  lui-' 
wind  has  subsided.    The  distance  from  the  harbor  of  Marquette 
nearest  safe  anchorage  in  Keweenaw  bay  is  about  70  miles  to  the 
west.    It  will  therefore  be  seen  that  for  a  distance  of  195  miles  of  si 
coast  line  there  has  heretofore  been  but  one  place  at  which  vesseh 
obtain  shelter  from  a  northeast  storm ;  so  that,  independent  of  the 
to  be  derived  by  the  local  interest  of  Marquette,  the  worth  of  ivcm^' 
ments  now  being  effected  at  this  point  will  be  of  the  first  imports — -^ 
the  general  commerce  of  the  lake.    It  is  unnecessary  for  me  to  dilal 
the  important  interests  which  are  being  develoi)ed  continually^ 
districts  which  are  dependent  upon  this  harbor  for  the  shipment 
erals  and  the  receipt  of  supplies. 

Appreciating  the  necessity  of  improving  this  harbor,  Brevet 
W.  F.  Reynolds,  corps  of  engineers,  was  instructed  by  the  chief 
engineer  department  to  examine  the  harbor  and  make  an  estimal 
cost  of  improving  it,  and  forward  the  same  to  the  bureau  at  Wasb^ 
which  he  did  in  October,  1866.    The  plan  he  proposed  was  adopt^^ 
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by  constructing  a  breakwater  to  the  heavy  seas  from  the  northeast,  of 
2,000  feet  in  length. 

His  estimate  of  the  cost  of  such  improvement  when  completed  was 
$385,129  58.  In  1867  the  Congress  of  the  United  States  appropriated 
$85,000  towards  the  carrying  out  of  this  project,  and  the  construction  of 
the  breakwater  was  commenced  under  your  direction  in  the  month  of 
August,  1867,  since  which  time  the  work  has  been  carefuUy  prosecuted 
with  a  view  to  securing  its  stability  and  permanency.  Five  cribs  were 
sank  during  the  &11,  each  of  32  by  20  teet,  and  were  filled  with  stone  to 
the  water  surface.  These  were  allowed  to  remain  through  the  winter 
without  additional  superstructure,  for  the  purpose  of  ascertaining  the 
effect  which  would  be  produced  upon  them  by  the  winter  storms.  In 
March,  1868,  it  was  found  that  the  water  alongside  the  cribs,  in  places 
where  it  had  been  previous  to  their  being  placed  at  the  respective  depths 
of  9, 10,  and  11  feet,  had  changed  to  the  relative  depths  of  13, 14,  and 
16  teet  on  the  side  exposed  to  the  sea;  and  also  on  the  inner  or  shore 
side  a  similar  effect  had  been  produced,  but  not  to  such  an  extent  as  on 
tiie  outer  side.  This  change  must  have  been  effected  by  the  combined 
forces  of  a  lateral  current  from  the  shore,  and  the  undertow  subsequent 
to  the  impact  of  the  wave  with  the  crib,  as  at  a  distance  of  50  feet  from 
the  pier  no  change  in  the  depth  of  the  water  was  perceptible.  This 
destructive  effect  was  checked  by  distributing  stone  along  the  side  of 
the  pier,  and  I  have  no  serious  apprehensions  in  regard  to  the  perma- 
nency of  the  work  hereafter,  if  it  is  shielded  by  an  apron  of  stone  to  the 
seaward.  On  the  14th  day  of  March  a  sixth  crib  50  by  25  feet  was  sunk 
through  the  ice,  and  the  superstructure  has  been  built  upon  the  six  cribs, 
forming  a  finished  length  of  crib-work  of  210  feet,  which,  in  connection 
with  IIK)  feet  of  loose  stone  pier- work  built  from  the  shore  to  the  inner 
crib^  forms  a  total  length  of  finished  pier  of  310  feet. 

Messrs.  Gelley  &  Weston,  who  were  the  original  contractors  for  framing 
the  cribs,  failing  to  fiilfil  the  conditions  of  their  contract,  left  the  work, 
which  was  afterwards  awarded  to  Mr.  WiDiam  Ferguson,  the  next  low- 
est responsible  bidder;  and  had  it  not  been  for  the  disastrous  conflagra- 
tion which  destroyed  the  entire  business  portion  of  the  town  the  prosecu- 
tion of  the  work  would  have  been  energetically  carried  on. 

None  of  the  government  property  was  destroyed,  although  the  ware- 
house upon  one  of  the  docks  was  burnt,  in  which  a  quantity  of  iron  bolts 
belonging  to  the  government  were  stored.  Unfortunately  the  public 
papers  relative  to  exports  and  imports,  &c.,  were  lost,  so  that  no  reliable 
information  can  be  obtained  in  regard  to  them. 

Mr.  Ferguson  is  now  prepared  to  conduct  the  work  vigorously,  and  it 
is  expected  that  two  more  cribs,  50  feet  by  25  feet,  which  will  complete 
the  second  section  of  crib-work,  and  six  cribs,  each  50  feet  by  30  feet, 
forming  the  third  section,  will  be  placed  out  this  season,  making  a  total 
length  of  pier  of  710  feet. 

Captain  B.  S.  Littlefield  has  been  acting  as  foreman  at  this  harbor 
since  the  closing  up  of  the  work  in  Green  Bay  last  fall.  The  fidelity 
with  which  he  has  discharged  the  duty  required  of  him  is  deserving  of 
tiie  highest  commendation. 

By  your  orders  I  made  a  plan  of  crib  50  by  30  by  27  feet  for  Marquette 
harbor ;  also  a  model  of  the  same  for  use  of  contractor,  the  bill  of  mate- 
rials required  for  which  is  as  follows: . 


\ 
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12-incti  fqnare  timber. 

li-inch  square  iron  bolts. 

Stone. 

Number  of  connei  firom 
bottom. 

Length  in  feet. 

Am't  in  lin- 
eal feet. 

Lengths. 

Weight    in 
pounds. 

m 

I 

20s. 

3011. 

23f. 

27«. 

461. 

20in. 

32-in. 

1 

1 

2 
2 

4 

15 
5 
5 
7 
7 
5 
5 
7 
7 
5 
5 
7 
7 
5 
5 
7 
7 
5 
5 
7 
7 
5 
5 
7 
7 
7 

A 

206 
536 
572 
296 
296 
296 
296 
296 
296 
296 
*   296 
296 
296 
296 
296 
296 
296 
296 
296 
296 
296 
342 

296 

ocws 
•nfO 

296 

296 

356 

44.00 

2 

32 
70 

"3" 

"16" 

**io*' 

**26'" 

"33" 

37 
37 
39 
37 
40 
39 
37 
40 
39 
37 
40 
39 
37 
40 
39 
37 
40 
39 
27 
34 
31 
27 
34 
31 

228.16 
875.30 
421. 80 
443.19 
444.60 
421.80 
456.00 
444.60 
421.80 
456.00 
444.60 
421.60 
456.00 
444.60 
421.80 
456.00 
444.60 
421.80 
456.00 
444.60 
307.80 
458.90 
353.40 
379.10 
387.60 
538.78. 

38.59 

3 

2 
2 

2 
2 

3L11 

4 

4a  88 

5 

2 
2 

4a  88 

6 

4a  88 

7 

2 

2 

2 
2 

4a  68 

8 

4a  88 

9 

2 
2 

4a  88 

10 

40.88 

11 

2 
2 

2 
2 

4a  88 

12 

4a  88 

13 

2 

2 

4a  88 

14 

4a  68 

16 

2 
2 

2 
2 

4a  88 

16 

4a  88 

17 

2 
2 

4a  86 

18 

4a  88 

19 

2 
2 

2 
2 

4a  88 

20 

4a  86 

2 
2 

44.88 

22 

3a  26 

2 
3 

2 
9 

40.88 

24 

4a  88 

2 
2 

4a  88 

26 

4a  88 

2 

2 

28 

170 

26 

26 

94 

8,524 

151 

910 

11,  450.  63 

1,046.32 

108  cubic  yards  of  brush,  slabs,  or  stone  to  be  placed  in  the  intervals 
between  cribs. 

450  feet  (board  measure)  of  3-inch  plank  for  foot  walk. 

9  pounds  of  6-inch  spikes. 

Cost  of  crib,  50  by  30  by  27  feet,  at  the  contract  prices  for  materials 
and  labor  at  Marquette : 

8,524  lineal  feet  of  timber,  12  inches  square,  at  14J  cents 

per  lineal  foot |1,221  77 

11,451  pounds  of  wrouglit-iron  bolts,  at  4|  cents  per  pound  558  23 

1,154  cubic  yards  of  stone  ballast,  at  $1  25  per  yard 1,442  50 

8,524  lineal  feet  of  framing,  at  12  cents  per  foot 1,022  88 

450  feet  (board  measure)  of  3-inch  plank  for  foot  walk,  at 

$16  per  thousand 7  20 

9  pounds  of  spikes 44 

4,253  02 
Add  10  per  cent,  for  contingencies 425  30 

Total  cost  of  one  crib 4,678  32 

6 


Total  cost  of  six  cribs  forming  3d  section  of  crib-work .       28,069  92 


Fifty  thousand  dollars  can  be  profitably  expended  at  this  harbor  during 
the  next  fiscal  year.  The  work  will  be  of  a  permanent  character,  requir- 
ing no  further  outlay  after  its  completion  than  such  as  is  incidental  to  the 
natuml  decajr  of  the  timber  forming  the  superstructure,  which  is  of 
the  best  quality  of  white  pine. 


Total  iron  ore  and  pig  iron  in  18C7 500,231 

enne  collected  in  1807,  89,000. 

qnette  is  situated  in  tlie  collection  district  of  Mackinac.    It  is  si 
f  entry.    The  nearest  lightlionse  is  situatexl  on  Ligbt-bouse  Point, 
mile  northwest  of  tlie  business  part  of  the  town, 
ave  the  honor  to  remain,  very  i-espectfullv,  your  obedient  ee^^'ant, 
W."H.  HEAEDING, 

Assistant  Engineer. 
■vet  Colonel  J.  B.  Wheeler. 
Major  Corps  of  Engineers  U.  «.  Armi/. 


Abstract  of  contracts  for  improving  Marquette  harbor,  Mtcbifian. 


_.  o Bniah,  per  cubic  yard 

awol'HpHon Punk,  peril,  board  inenaure 

^mFnpuon j  Framing, per  lineal  fool 

""H^il* ,  Iron  bolls,  per  pouud 

"nnliiie  ; I  e-incU  ivroughl  irou  dpikes,  per  pound  .. 


""tmetofmakrials  received,  labor  performed,  and  total  amovnt  paid  fro 
July  1, 1867,  to  June  30,  1808. 
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A  5. 

Office  United  States  Engineers, 

Milwaukee^  January  30, 1868. 

Sir  :  In  obedience  to  yonr  orders  of  June  20, 1868, 1  respectfully  submit 
the  subjoined  report  upon  the  harbor  at  Green  Bay  city,  Wisconsin : 

At  an  early  period  the  importance  of  this  harbor  as  a  governing  point 
in  the  commercial  interests  of  the  northwest  was  well  known  and  appre- 
ciated by  the  leading  business  men  of  the  country.  For  many  years  the 
North  American  Fur  Company  carried  on  a  lucrative  trade  with  the 
Indians  at  the  post  which  they  established  on  the  east  side  of  the  Fox 
river,  at  a  distance  of  one  and  one-fourth  mile  from  its  mouth,  and  where 
the  city  of  Green  Bay  now  stands. 

At  a  later  period  the  United  States  government  established  a  military 
post  on  the  west  side  of  the  river,  around  the  remains  of  which  the  town 
of  Fort  Howard  has  since  been  built.  Covering  the  d^bouche  of  the 
river,  and  at  a  right  angle  with  its  inland  course,  a  deposit  of  sand  has 
been  formed  in  the  bay  at  a  distance  of  one  and  a  half  mile,  which  has 
diverted  tiie  current  to  the  eastward  and  formed  a  tortuous  channel 
difficult  to  navigate  in  the  daytime,  and  which  it  is  almost  impracticable 
to  follow  in  the  night.  The  plan  which  has  been  adopted  for  the  improve- 
ment of  the  approach  to  this  harbor  is  the  cutting  of  a  direct  channel 
from  the  mouth  of  the  river,  across  the  bank,  and  extending  to  the  deep 
water  of  the  bay  outside. 

Two  or  three  estimates  have  been  made  of  the  cost  of  this  improve- 
ment, and  finishing  it  with  a  revetment  of  either  close-piling  or  crib- 
work,  which  have  differed  in  accordance  with  the  views  of  l£e  officers 
who  have  reported  upon  it. 

The  length  of  the  section  of  the  channel  requiring  protection  at  its 
sides,  and  the  character  of  the  required,  protection,  was  a  problem  difficult 
to  solve,  except  by  practical  experiment.  The  work  of  dredging  was 
commenced  in  the  autumn  of  1866 ;  but,  owing  to  the  incapacity  of  the 
dredge,  but  little  was  accomplished. 

In  the  sjmng  of  1867  new  machinery  was  applied,  and  at  the  close  of 
the  season  a  channel  of  nine  and  one-half  feet  in  depth  had  been  cut, 
from  the  old  channel  southwest  of  Grassy  island,  through  the  island,  and 
to  the  line  of  seven  and  three-fourths  feet  of  water  in  the  bay. 

After  the  dredge  was  laid  up  for  the  winter,  soundings  were  taken  in 
the  cut  on  cross-sections  25  feet  apart  for  its  entire  length,  and  a  plat  of 
the  same  was  forwarded  to  this  office  by  Captain  B.  S.  Littlefleld,  who  was 
foreman  at  the  harbor  during  the  working  season.  The  channel  banks 
remained  unprotected  during  the  winter,  and  before  dredging  was 
resumed  this  spring  similar  soundings  were  taken  and  a  plat  made,  for 
the  purpose  of  ascertaining  by  comparison  the  effect  produced  during 
the  winter  by  the  action  of  the  current  from  the  river  on  the  one  side, 
and  the  counter-current  from  the  bay  on  the  other,  which  is  produced  by 
the  rise  of  water  from  northeast  winds.  So  long  as  the  water  was  covered 
with  ice,  the  ebb  and  flow  of  these  currents  were  the  only  destructive 
forces  acting  upon  the  channel  banks;  the  change  effected  was  found  to 
be  so  slight  that  it  was  considered  expedient  to  continue  the  excavation 
by  dredging. 

Soon  after  the  ice  disappeared  a  portion  of  the  channel  bank  northeast 
of  the  island  was  removed  by  the  seas  from  a  succession  of  northeast 
storms,  and  a  portion  of  the  sand  deposited  across  the  channel,  which 
occupied  the  dredge  for  two  or  three  days  to  remove. 
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The  oldest  inhabitant  does  not  remember  a  season  when  the  wind  has 
prevailed  so  long  firom  that  quarter;  but  as  there  is  a  possibility  of  similar 
storms  recurring,  it  would  seem  to  be  advisable  to  secure  the  work  which 
is  already  done  by  protecting  the  banks  of  the  channel  through  and  in 
proximity  to  the  island.  At  the  present  time  the  cut  is  about  125  feet 
wide  at  its  southern  extremity,  carrying  the  same  width  to  a  distance  of 
100  feet  north  of  island.  Beyond  this  for  a  distance  of  280  feet  it  is 
about  100  feet  wide.  Another  section  extends  for  a  stretch  of  200  feet, 
which  is  65  feet  in  width,  and  a  single  cut  of  35  feet  in  width  extends 
from  this  to  the  natural  depth  of  nine  and  one-half  feet  of  water  in  the 
bay,  so  that  steamers  drawing  no  more  than  that  depth  of  water  find  no 
difficulty  in  passing  through  the  straight  cut  by  keeping  on  the  west  side, 
which  is  so  far  the  finished  or  straight  side  of  the  channel.  One  hundrea 
and  seven  thousand  eight  hundred  and  thirty-one  cubic  yards  of  earth 
have  been  taken  from  the  cut  and  dumped  at  a  distance  of  three- fourths 
of  a  mile  from  the  channel,  between  dates  July  1, 1867,  and  June  30, 1868. 

The  contractor  for  dredging  at  this  harbor  is  General  W.  S.  smith. 
The  price  paid  for  dredging  is  50  cents  per  cubic  yard.  The  cost  of  close- 
piling  1,000  feet  of  channel  on  either  side  (adopting  Lieutenant  J.  B. 
Quints  estimate  of  last  year  for  the  proportionate  length  of  channel) 
would  be  about  $37,000.  Sixty-five  thousand  dollars  could  therefore  be 
profitably  expended  at  this  harbor  during  the  next  fiscal  year  in  dredging 

the  channel  and  constructing  2,000  feet  of  close-piling. 

•  *  *  •  *  *  * 

Very  respectfiiUy,  your  obedient  servant, 

W.  H.  HEAEDING, 

Assistant  Engineer. 
Brevet  Colonel  J.  B.  Wheeler, 

Major  Corps  of  Engineers  U.  8.  Army. 


A  6. 

Office  United  States  Engineers, 

Mihcaukee^  June  30,  1868. 

Sib  :  In  compliance  with  your  instructions  of  June  20, 1  respectfully  beg 
to  present  you  with  a  report  upon  the  harbor  of  Manitowoc,  Wisconsin : 

Until  artificial  aid  was  rendered  to  the  harbors  on  the  west  shore  of 
Lake  Michigan,  there  was  not  one  along  the  entire  coast  to  the  southward 
of  Green  Bay  which  could  offer  the  requisite  facilities  for  carrying  on  a 
shipping  business.  With  the  exception  of  a  few  points,  where  deposits 
of  boulders  have  arrested  the  abrasion  of  the  banks  by  the  waves,  the 
shore  line  is  straight;  the  rivers  which  discharge  into  the  lake  are  small 
in  comparison  with  the  extent  of  the  watershed  of  their  surrounding 
districts;  generally  shallow  at  the  mouth,  which  defect  ^as  far  as  com- 
mercial interests  are  concerned)  is  chiefly  due  to  the  shitting  character 
of  the  soil,  which  is  loose  and  easily  disturbed  by  storms,  at  the  suc- 
cessive recurrence  of  which  a  deposit  is  invariably  left  in  the  natural 
channel  of  the  river,  which  remains  until  the  rain  freshets  have  acceler- 
ated the  velocity  of  the  river  current  to  such  an  extent  as  to  cut  out  a 
new  passage  at  their  outlet. 

One  of  3ie  most  prominent  of  these  points  juts  out  at  a  distance  of 
about  seven  miles  to  the  northeast  of  Manitowoc  river,  giving  it  protec- 
tion from  north  and  northeast  storms. 

The  harbor  of  Manitowoc,  which  is  at  the  mouth  of  the  river,  is  situated 
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at  the  innermost  part  of  the  bight  formed  by  the  point  in  question.  It  is 
about  equidistant  from  the  straits  of  Mackinac  and  the  southern  extremity 
of  the  lake,  90  miles  from  Manitou  islands,  and  the  same  distance  from 
the  entrance  to  Green  Bay,  which  are  the  nearest  natural  harbors.  It 
would  therefore  be  desirable  to  make  such  improvements  at  this  point 
as  would  secure  to  vessels  the  protection  necessary  to  their  safety  during 
the  heavy  gales  of  wind  which  are  prevalent  on  Lake  Michigan  in  the 
spring  and  fall  of  the  year. 

Independent  of  its  being  of  such  general  importance  to  the  lake 
navigation,  the  success  of  the  various  industries  in  the  vicinity  of  this 
harbor  is  dependent  upon  its  capacity  and  the  depth  of  the  channel 
leading  into  it. 

The  benefit  to  be  derived  fVom  its  comj)letion  may  be  approximately 
estimated  from  the  results  whicli  were  obtained  by  the  partial  improve 
ment  which  was  effected  last  season.  It  is  currently  stated  that  the 
farmers  sold  their  grain,  which  was  shipped  dii-ectly  from  this  harbor, 
at  an  advance  of  six  cents  per  bushel  over  the  rates  of  sales  which  were 
made  subject  to  the  former  distance  of  land  carriage.  Three  hundred 
and  fifty-three  thousand  nine  hundred  and  forty-two  bushels  of  wheat 
alone  were  exported  last  year^  which  yielded  an  extra  profit  to  the  farmer 
(assuming  that  such  extra  price  was  realized)  of  821,236  52,  and  a  pro- 
portionate gain  was  made  on  other  articles  of  export.  An  idea  of  the 
increasing  business  and  prosperity  of  this  section  of  the  country-  may  be 
formed  from  the  statement  of  one  of  the  reliable  business  men  of  Mani- 
towoc, that  whereas  it  is  now  exporting  large  quantities  of  agricultural 
and  various  other  products,  it  is  but  ten  years  since  breadstuffs  and 
other  necessary  supplies  were  imported. 

Taking  these  facts  into  consideration  in  connection  with  extensive 
interests  which  are  now  in  process  of  development,  it  would  appear  that 
the  government  was  more  than  justified  in  finishing  this  work  which 
has  thus  far  been  so  satisfactorily  prosecuted.  It  is  capable  of  being 
made  a  permanent  harbor  of  refuge.  The  adopted  method  of  improve- 
ment is  by  the  construction  of  parallel  piers,  one  on  each  side  of  the 
channel,  ranning  from  the  mouth  of  the  river  in  an  easterly  direction, 
to  a  sufficient  depth  of  water  in  the  lake.  Sixty  thousand  dollars  coiUd 
be  profitably  expended  at  this  harbor  during  the  next  fiscal  year,  which 
would  without  doubt  insure  its  success  as  a  permanent  work.  Twenty- 
five  cribs  were  sunk  last  year,  and  the  superstructure  finished ;  60  feet 
of  superstructure  was  also  built  upon  the  old  crib-work,  commenced 
under  Lieutenant  Colonel  J.  D.  Graham,  topographical  engineers,  iu 
1855,  forming  a  total  of  finished  crib- work  of  866  feet. 

An  extension  of  the  pier  was  also  made  by  close  piling  inside  the  river 
for  a  distance  of  130  feet.  This  work  was  all  done  on  the  north  side  of 
the  channel. 

Thirteen  cribs  have  been  sunk  on  the  south  side  during  the  present 
season,  each  32  by  20  feet,  and  filled  with  stone  to  the  water  surface, 
upon  which  the  superstructure  will  be  built.  So  that  the  amount  of 
crib-work  and  close  piling  constructed  from  July  1,  1867,  to  June  30, 
1868,  is  as  follows:  866  feet  of  finished  crib-work;  416  feet  of  cribs  built 
to  water  surface;  130  feet  of  close  piling  inside  river;  total,  1,412  feet 
lineal  of  pier. 

Manitowoc  is  situated  in  the  collection  district  of  Milwaukee,  which 
is  also  the  nearest  port  of  entrj'. 

Nearest  light-house,'  at  the  harbor ;  order  of  light,  the  fifth. 

Mr.  G.  S.  Rand  has  acted  as  foreman  at  this  harbor,  and  it  gives  me 
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easnre  to  state  that  he  has  perforineil  his  dut}'  faithfully  and  to 
re  satisfaction  of  the  inspector. 

avid  Smoke,  the  contractor  for  framing,  &c.,  has  taken  pains  to 
perfect  alignment  of  the  piers,  and  the  work  generally  has  been 
ed  in  a  creditable  manner  both  to  the  contractors  and  to  the 
lent. 

^  the  honor  t3  remain,  verv  re';p.?3tfally,  your  obedient  servant, 

W.  H.  HEARDrNTG, 

Assistant  Engineer. 
t  Colonel  J.  B.  Wheeler, 

Major  Corps  of  Engineers. 


Ira^t  of  contracts  for  improving  Manitowoc  harbor ^  Wiscomin. 


ctractors. 

Nature  of  contract 

Prices  paid. 

>ke 

12iDch  square  pine  timber,  per  lineal  foot 

r2-inch  hemlocK  timber,  per  lineal  foot 

Stone,  per  cord,  12S  cubic  feet,  in  cribs 

Brash,  per  cord,  128  cubic  feet,  in  intervals 

Framincr.  ner  lineal  foot  of  timber. .... .... .... 

$0  15 

>ke 

14 

)ke 

9  50 

>ke 

^  00 

>ke 

15 

)ke 

Driviner  niles.  each ...... ...... ...... .... .... 

3  00 

dko.. .... ...... 

PiacinfiT  and  sinkincr  cribs,  each ............... 

90  00 

ftckard 

Plank  f  oak)  ner  M.  i' board  measure) 

25  00 

Bckard 

Plank  (nine)  ner  M.  (board measure). ..... .... 

18  00 

ack&rd 

ScantlinfiT  oer  M,  (board  measure) 

16  00 

e......  

Dredcrincr.  oer  cubic  vard 

20 

e...... .... .... 

Pile  timber,  ner  foot. ...... ...... ...... ...... 

15 

as. ...... ...... 

Iron  bolts,  ner  nound ...... ...... ...... ...... 

7i 
12 

^ ^   - 

Iron  soikes.  ner  nound 

f  mtt:riali  receioad,  lihtrp;rform'A,  an  I  total  am  tun".  p2ii,from  July  I,  1837,  to 

June  30,  1868. 


«m)ock — lineal 
fe<t. 


13,039 


lank,  feet, 
b.  in. 

"3 
it 

• 

e 
o 

Filling. 

• 

Q  a 

4 

« 

a 
g 

go 
Xi 

•c 

Stone. 

Brnsb 

P« 

NH 

cords. 

u 

O 

cord$. 

10,320 

7,649 

64,424 

2,0U2 

326 

62,092 

84,813 

38 

^      Amount  paid. 


$8),  936  32 


'  346  piles  driven. 

A  7. 

Office  United  States  Engineers, 

Milwaukee^  June  30, 1868. 

I  res]>ectfally  begto  submit  the  following  report  upon  the  harbor 

Dygan,  Wisconsin : 

liarbor  is  situated  upon  the  west  shore  of  Lake  Michigan,  at  a 

5  of  25  miles  south  of  Manitowoc. 

n  the  collection  district  of  Milwaukee,  which  place  is  also  thei 

port  of  entry.    The  nearest  light-house  is  about  one  mile  north 

larbor,  with  a  fixed  white  light  of  the  fifth  order. 

»lan  adopted  for  the  improvement  of  this  harbor  is  similar  to  that 
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which  has  been  adopted  at  all  the  harbors  on  the  west  shore  of  Lake 
Michigan,  viz :  by  constructing  parallel  piers  from  the  mouth  of  the  river 
fix)m  which  the  city  of  Sheboygan  takes  its  name,  to  the  navigable  water 
of  the  lake,  and  dredging  between  them  to  the  requisite  depth. 

The  work  will  be  of  general  benefit  to  the  commerce  of  the  lake  when 
it  is  completed,  as  well  as  of  great  importance  to  the  section  of  country- 
westward.  The  projected  railroad  to  St.  Paul,  Minnesota,  via  Fond  du 
Lac,  (20  miles  of  which  is  already  finished,)  will  increase  tlie  business  of 
Sheboygan  largely ;  130,049  tons  of  freight  were  transported  over  the 
completed  section  during  the  past  year.  The  trade  of  the  harbor  has 
largely  increased  within  that  period,  as  will  be  seen  by  refemng  to  the 
list  of  exports  and  imports,  which  increase  is  chiefly  attributable  to  the 
improvement  which  has  been  already  made  to  the  harbor  by  the  govern- 
ment. Ten  cribs,  each  32  feet  in  length  by  20  feet  in  width,  were  sunk 
on  the  south  side  of  the  channel,  and  four  on  the  north  side — one  of  which 
was  25  feet  in  width  and  32  feet  in  length — makingatotal  length  of  finished 
pier-extension  of  448  feet,  upon  which  the  superstructure  has  been  built. 
Forty -five  thousand  dollars  could  be  judicious!}'  expended  at  this  harbor 
during  the  next  fiscal  year,  which  would,  without  doubt,  insure  its 
I)ermanency  as  a  harbor  of  refuge. 


Abstract  of  contracts  for  improving  Sheboygan  Mrbor^  1867. 


i 

Contractors.                                          Nature  of  contract. 

1 

1 

Price. 

Dillincrham  &>  Co 

r2-incli  square  timber,  (oak,)  per  lineal  foot  ... 
12-incb  square  timber,  (pine,)  per  lineal  foot.. . 
Plank  aoa  scantling,  per  M,  (board  measure).. 

Piles,  ( wbite  oak, )  per  lineal  foot 

Stone,  ner  cord  of  1^8  cubic  feet 

$0  27 

DilliDfirham  &  Co 

24 

Dillincrbam  &.  Co 

25  00 

Dillinirbam  &  Co 

16 

Locklin  &  Jenkins 

10  00 

Sanger,  Ledlie  &  Corse 

Sanger,  Ledlie  &■  Corse 

Sanger,  Ledlie  &  Corse 

Sanger,  Ledlie  &  Corse 

Sanger,  Led  lie  Ar,  Corse 

Sanger,  Ledlie  &  Corse 

Sanger,  Ledlie  &  Corse 

9 

Brueb.  oer  cord  of  128  cubic  feet 

6  00 

Iron  bolts,  ner nound 

10 

Iron  spikes,  ner  nound 

10 

Framinor  timber,  ner  lineal  foot 

19 

Placincr  cribs,  each ...... ...... ...... .... .... 

49  00 

Dredifincr.  ner  cubic  vard 

49 

Drivincr  niles.  ner  lineal  foot 

19 

% 

Abstract  of  material  received ,  labor  performed,  and  total  amount  paid,  from  July  1,  1867,  to 

June  ;iO,  1868. 


Timber. 

Plank. 

Pileu. 

Iron 
spikea. 

Pilling. 

Dredging.  Framing. 

1 

• 

1 

H 

Q 

Amount 

Pine. 

other. 

Stone. 

BruHh. 

paid. 

Lin.  feet. 
9,589 

Lin.feet. 

3,418 

Feet,  (b.m.) 
1,026 

Lin.feet. 
♦.•J3J 

Lb$. 
95 

Corde. 
498 

Cord$. 
49 

Cub.  yds.    Lin.  feet. 
28, 928        29, 237 

14 

130,761  31 

1,470  feet  driven. 


A  new  contract  was  entered  into  by  Lucius  R.  Muzzy,  on  the  16th  day 
of  May,  agreeable  to  the  terms  of  advertisement  dated  April  23, 1868,  for 
dredging  at  the  harbor  at  Sheboygan.  Mr.  Muzzy  being  the  lowest 
bidder,  the  contract  was  awarded  him  at  23^  cents  per  cubic  yard ;  the 
county  of  Sheboygan  furnishing  the  dredge. 
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Abstract  of  bids  for  dredging  at  Sheboygan  harbor^  1868. 


Bidders. 


Residence  ^"*^  ^^ 

icesiaence.  cubic  yard. 


John  Schrage . 

O.  B.  Green 

B.  B.  Lockliu  .... 
E.  W.  Diercks.... 
Benjamin  F.  Price. 
Lncius  R.  Muzzy . 


Sheboygan $0  24 

Chicago 50 

Sheboygan 27 

Milwaukee 3Ji 

Kenosha 36 

Sheboygan 23i 


The  dredging  under  this  contract  is  to  be  done  outside  of  and  in 
between  the  piers,  the  present  depth  of  water  not  being  sufficient  to 
admit  vessels  which  draw  more  than  nine  and  a  half  feet  of  water. 
I  have  the  honor  to  remain,  very  respectfully,  your  obedient  servant, 

W.  H.  HEAEDDsG, 

Assistant  Engineer. 
Brevet  Colonel  J.  B.  Wheeler, 

Major  Coi^^s  of  Engineers  U.  S.  Army. 


Office  United  States  Engineers, 

Milicaukeej  June  30, 18C8. 

Sir  :  I  herewith  respectfully  submit  a  report  upon  the  harbor  of  Mil- 
waukee, Wisconsin : 

Next  to  that  of  Chicago,  this  harbor  is  of  the  greatest  commercial  im- 
portance of  any  upon  the  west  shore  of  Lake  Michigan. 

By  a  comparison  of  the  soundings  which  were  taken  at  the  entrance 
to  the  harbor  in  June,  1867,  with  those  which  were  taken  in  April,  1868, 
it  was  found  that  the  "  bar^'  in  front  of  the  harbor  (which  is  common  to 
all  the  rivers  discharging  into  Lake  Michigan)  had  considerably  increased. 

In  June,  1867,  the  12  feet  line  of  curve  on  the  north  side  of  the  chan- 
nel was  tangent  to  the  prolongation  of  the  inner  line  of  the  north  pier, 
80  that  vessels  could  steer  a  straight  course  out  of  or  into  the  harbor ; 
but  the  storms  during  the  winter  extended  the  bank  further  to  the 
southward,  so  that  the  bar  inclosed  by  the  curv^e  line  of  12  feet  depth  of 
water  extended  at  the  date  of  the  last  survey  almost  across  the  channel. 

It  is  proposed  to  place  out  six  cribs  during  the  present  season,  in  exten- 
sion of  the  piers,  each  of  which  to  be  50  feet  in  length  by  25  in  width, 
three  on  either  side  of  the  channel,  forming  an  extension  to  each  pier  of 
150  feet. 

The  piers  should  be  extended  to  a  still  further  distance  of  250  feet  on 
each  side,  which  would  insure  a  safe  entrance  to  the  harbor  for  many 
years. 

The  timbers  above  the  water  surface  on  a  portion  of  the  old  crib- work 
are  decayed,  and  a  considerable  outlay  will  be  necessary  to  be  made  in 
repairs  next  season ;  $50,000  coidd  be  profitably  expended  at  this  harbor 
.during  the  next  fiscal  year,  in  building  the  pier-extension  and  making 
repairs.  By  your  instructions,  I  made  a  plan  of  a  crib  to  be  used  at  this 
harbor,  50  by  25  by  21  feet.  The  center  longitudinal  timbers  of  this 
crib  are  built  up  solid  to  the  water  surface,  above  which  they  alternate 
with  the  end  timbers  to  the  top,  dividing  the  width  of  the  crib  into  three 
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equal  spaces.  The  center  tier  of  cross-ties  is  solid  to  the  top  of  the 
crib.  In  each  case  the  solid  timber- work  is  bolted  in  the  same  manner 
as  the  sides  and  ends. 

Bill  of  materials  proposed  for  a  crib  50  by  25  by  21  feet ;  47  yards  of 
brush  or  slabs,  to  be  placed  in  intervals  between  cribs ;  24  yards  of  stone, 
to  be  plaeed  over  the  brush ;  450  feet  (board  measure)  of  3-inch  plank,  for 
foot-walk ;  9  pounds  of  six-inch  spike. 

BUI  of  materials  proposed  fur  a  crib  bO  by  2o  by  21  feet. 


h 

Timber, 

12inct 

\  t^quarc. 

U-inch 

square  iron  bolts. 

:i 

®  a 

Lengths,  in  feet. 

Amonnts. 

1q  lineal 

ft-et. 

Lengths. 

Weight, 
pounds. 

Stone, 
cubic 
yards. 

o 
5C 

20i. 

2 
2 

308. 

238.      27a. 

25i. 

464. 
G 

1 

1 
1 

44.. 

196 
471 

20-inch. 

32-inch. 

I  .^ 

0 
2 

2 
13 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

i 

5 
5 
5 
5 
5 
5 
7 

..... 

35.85 

o 

58 

n 

8*' 

8" 

**"28" 

***'36" 
16 
49 
45 
22 
49 
43 
22 
49 
45 
22 
49 
45 
20 
37 
35 
20 
37 
35 

413.54 
855.36 
182.40 
558.60 
513.00 

250.  eo 

55a  60 
513.00 
250.80 
558.60 
513.00 
*     250.80 
55a  60 
51.3. 00 
228.00 
47a  84 
399.00 
2ft5.04 
421.80 
S9&64 

26.48 

3 

23.51 

4 

0 

2 

271 

271 

33.29 

5 

2 
2 

0 

5 

33.29 

6 



271 
271 
271 
271 

33.29 

7 

2          2 
0            2 

33.29 

8 

33.29 

9 

o 
2 

2 
2 

33.29 

10 

271 

33.29 

11 

2          2 

2       y 

271 
271 
271 
271 
271 
271 
271 
271 

33L29 

12 

3-3.29 

13 

'2" 
2 

2 
2 

33.29 

14 

33.29 

15 

2 

*       — 

0 

1     1 

33.29 

16 

0       0 

33.29 

17 

2 
2 

0 

2   - 

33.29 

18  ...: 

33.29 

19 

0 
0 

2 

I      271 

1      271 

1      321 

1 

33.29 

20 

33.29 

ai 

0 

m0 

2  * 

"  1 

33.29 

1 

1 

Total 

22 

22 

20 

20 

112 

26 

1 

6,140 

174 

672 

8.901.42 

■     651.77 

1 

Cost  of  crib  50  by  25  by  21  feet  at  the  awarded  contract  j^rices, 

(>,1401ineal  feet  of  timber,  at8l6  75  per  M.,  (board  measure).  $1,234  14 

8,901  pounds  of  wrought-iron  bolts,  at  4  cents  per  pound . .  356  04 

676  cubic  yards  of  stone  ballast,  at  $2  26  per  cubic  yard. .  1, 527  76 

6,140  lineal  feet  of  framing,  at  13  cents  per  lineal  foot 798  20 

47  cubic  yards  of  brush,  at  81  04  per  cubic  yard 48  88 

450  feet  (board  measure)  of  plank,  at  $16  75  per  M 7  04 

9  pcmnds  of  6-inch  spikes,  at  4  cents  per  pound 36 

Total 3, 972  24 

Add  10  per  cent,  for  contingencies 397  24 

Total  cost  of  1  crib 4, 369  66 

Total  cost  of  6  cribs 26, 217  96 


The  only  work  which  was  done  at  this  harbor  from  July  1, 1867,  to 
June  30, 1868,  was  the  filling  of  the  old  cribs  with  stone,  which  was 
finished  on  the  12th  day  of  September,  1867.  On  the  2d  day  of  June, 
1868,  bids  were  received  and  opened  for  the  work  of  improvement  at  this 
harbor  dui'ing  the  present  season,  an  abstract  of  which  is  herewith 
appended.    The  nearest  light-house  is  situated  at  the  north  point  of 
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Milwaukee  bay,  which  is  three  miles  distant  from  the  channel  leading  to 
the  harbor — ^with  a  lens  of  the  fouth  order,  flashing  at  intervals  of  two 
minutes.  It  is  at  an  elevation  of  102  feet  above  the  water  level  of  the 
lake.  There  is  also  a  beacon  on  the  north  pier  at  its  present  extremity, 
with  a  fixed  red  light;  the  lens  is  of  the  sixth  order;  its  height  above 
lake  level  is  48  feet,  and  is  visible  at  adistance  of  about  eight  and  a  half 
miles. 

Xumber  of  arrivals  and  departures  of  vessels  (fee,  at  Milwaukee  harbor  for 

the  fiscal  year  ending  June  30,  1868. 

Arrivals,  6,078;  tonnage,  2,209,513.  Departures,  6,014;  tonnage, 
2,187,669.  Duties  on  imports  collected,  $44,198  42.  Tonnage  duty  col- 
lected, $10,421  bS. 

I  have  the  honor  to  remain,  veiy  respectfully,  your  obedient  servant, 

W.  H.  HEAEDIXG, 

Assistant  Engineer, 
Brevet  Colonel  J.  B.  Wheeler, 

Major  Corps  Engineers  U,  S.  Anny, 


Abstract  of  contract  for  improving  Milwaukee  harbor  in  1867. 


Contractor. 

Nature  of  contract. 

Price. 

Vftlentind  Kahlmiin ...... ...... 

Stone  Der  cubic  vard 

12  70 

V"*    ■  ^ 

Abstract  of  materials  received  and  used^  labor  performed^  and  total  amount 
paidjfrom  July  1, 1867,  to  June  30, 1868,  at  Milwaukee  harbor j  Wiscon- 


sin, 


Contractor. 

Stone  received  and  used. 

For  what  paid. 

Am't  paid« 

* 
Valentine  Knhlman .... 

Culnc  yards, 
3, 677. 38 

Stone 

$9,928  90 
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A  9. 

Office  United  States  Engineers, 

Milwaukee^  June  30,  18G8. 

Sir:  The  harbor  of  Hacine,  upon  which  I  have  the  honor  to  report,  is 
situated  at  a  distance  of  23  miles  S.  by  E.  from  Milwaukee.  This  harbor 
occupies  quite  an  important  position  in  the  commercial  interests  of  Wis- 
consin. 

It  is  in  direct  communication  with  the  Mississippi  river,  and  with 
both  branches  of  the  Union  Paeific  railroad;  the  railroad  from  Kacine 
forming  a  junction  with  the  Mississippi  and  Missouri  railroad  at  Rock 
Island. 

The  improvement  at  this  harbor  will  be  of  general  benefit  to  the  lake 
commerce.  The  value  of  foreign  and  domestic  imports  and  exports 
received  and  shipped  during  the  fiscal  year  ending  June  30, 1868,  at  this 
harbor,  wa«  $6,700,000. 

During  the  season  of  1867, 17  cribs  were  sunk,  eight  on  the  south  side 
of  the  cbamiel  and  nine  on  the  north  side.  Late  in  the  fall  one  of  the 
cribs  was  destroyed  by  a  severe  storm,  the  timbers  above  the  grillage 
bottom  being  twisted  off.  A  new  crib  was  constructed  in  the  early  part 
of  this  month,  (June,  1868,)  and  after  the  foundation  was  leveled  up 
with  stone,  was  placed  in  the  position  formerly  occupied  by  the  crib 
which  was  carried  away.  A  crib  32  feet  square  is  in  process  of  construc- 
tion, which  will  be  sunk  shortly  at  the  extremity  of  the  north  pier,  and 
which  will  complete  the  work  as  far  as  the  available  means  will  admit. 
When  this  crib  is  sunk,  and  the  superstructure  is  built  upon  the  north 
pier-extension,  there  will  have  been  constructed  576  feet  total  length 
of  pier-extension.  At  present  the  work  accomplished  is  as  follows :  25() 
feet  of  pier-extension  have  been  finished  on  the  south  side;  160  feet  of 
pier-extension  have  been  finished  on  the  noith  side;  128  feet  of  pier- 
exteusion  require  finishing  with  superstructure.  Total,  544  feet  of  pier- 
work  finished  and  in  process  of  completion. 

The  32  feet  square  crib,  when  placed,  will  make  the  above-mentioned 
total  length  of  576  feet.  It  is  expected  that  the  whole  will  be  finished 
by  the  15th  day  of  August  next.  Captain  D.  P.  Heap,  corps  engineers, 
under  whose  immediate  8ui)er\ision  the  improvements  at  this  harbor 
w^*  made  last  year,  recommended,  in  his  annual  report  to  you,  that  the 
south  pier-extension  should  be  carried  out  as  far  as  the  north ;  stating, 
as  his  reason  for  his  making  such  recommendation,  that  if  such  exten- 
non  was  made  the  harbor  would  not  probably  need  additional  improve- 
ment of  magnitude  for  years.  I,  therefore,  respectively  indorse  his 
recommendation,  believing  that  such  improvement  would  i)lace  the  har- 
bor in  such  a  condition  as  to  meet  the  requirements  of  trade  for  many 
years  to  come.    His  estimate  for  doing  this  work  is  842,817  42. 

Bacine  is  in  the  revenue  district  of  Milwaukee,  which  is  also  the  near- 
^  port  of  entry.    The  nearest  light-house  is  situated  on  the  pier  on  the 
north  side  of  the  harbor  channel,  with  a  lens  of  the  fifth  order,  white  fixed 
light,  47^  feet  above  lake-level. 
1  bave  the  honor  to  remain,  very  respectfullj',  vour  obedient  servant, 

W.  H.  HEAEDING, 

Assistant  Engineer, 
Brevet  Colonel  J.  B.  Wheeler, 

C&rps  Engineers  United  States  Army. 
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Ahstraet  of  contract  for  improving  tJte  Jiarbor  ofBdcine^  Wisconsin^  August 

1806. 


Contractors. 


James  V.  Sanger.  James 
H.  Ledlie,  and  John  M. 
Corse 


Nature  of  contract. 


White-oak  piles,  per  lineal  foot 

Plank,  per  thousand,  (board  measure,)  3-incb 

Scantling,  per  thousand,  (board  measure) 

Twelve-inch  square  timber,  per  lineal  foot 

Iron  bolts  and  spikes,  per  pound 

Brush,  placed  in  intervals  between  cribs,  per  cord 

Stone,  in  cribs,  per  cord 

Placing  cribs,  each 

Driving  piles,  per  lineal  foot 

Framing,  per  lineal  foot 

Dredging,  per  cubic  yard 

Repairs  to  be  paid  at  engineer's  estimates. 


Price. 


$0  ] 

:iu  a 

30  0 

2 

J 

6  0 

13  8 

39  0 

J 

I 

4 


Contractors. 


P.  M.  Danaher . 

P.  M.  Danaher . 
P.  M.  Danaher . 
Ledlie  and  Corse 
Ledlie  and  Corse 
R.  Nelson  Gere . 
R.  Nelson  Gere . 


Contracts  ofJune^  1867. 


Nature  of  contract. 


Twelve- inch    square  timber,   per  thousand,  (board 

measure) 

Three-inch  plank,  per  thousand,  (board  measure)... 

Framing,  per  lineal  foot  of  timber 

Stone,  per  cubic  yard 

Brush,  per  cord  of  12d  cubic  feet 

Wrought-iron  bolts,  per  pound 

Wrought-iron  spikes,  per  pound 


Price. 


$14  97 

J4  97 

13 

2  69 

5  40 

5 


Abstract  of  materials  received^  labor  performed ^  and  total  amount  paid,  at  Racine  harbor,  July  ] 

1867,  to  June  30,  1868. 


Timber. 

Plank. 

Pilea. 

Iron. 

Filling. 

Dredging. 

Framing. 

• 

M 

a 

s 

OB 

•c 
o 

Amoant  paid 

Bolts. 

Spikea. 

Stone.     Bruih. 

Lift.  feet. 
44,555 

Ft.{B.M.) 
2,602 

Lb». 
43, 618 

Lbs. 
260 

Cords.     Cords. 

1,841        139 

1 

Cuh.  yds. 
6,912 

Lin.  f 6a. 
46,  111 

17 

$46, 589  "i 

A  10. 


KENOSHA  HARBOR. 

Kenosha,  Wisconsin,  is  a  thriving  town  on  the  west  shore  of  Lak 
Michigan,  34  miles  south  of  Milwaukee;  it  is  in  the  collection  district  o 
Milwaukee.    Kacine  is  the  nearest  port  of  entry. 

The  light-house  is  situated  on  Warrenton  island,  on  the  north  bank  o 
the  river.  The  light  is  fixed,  varied  by  flashes  at  intervals  of  one  minut 
and  thirty  seconds,  and  is  \isible  14  nautical  miles.  The  color  of  th 
tower  is  yellow,  and  the  tower  is  55  feet  high.  The  light  is  76  feet  abov 
the  sea  level ;  the  lens  is  of  the  fourth  order.  The  light-house  was  buil 
in  1848,  and  was  rebuilt  in  1866. 
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The  commerce  aud  navigation  benefited  are  both  local  and  general. 
There  is  a  hirge  basin  at  a  short  distance  from  the  month  of  the  river, 
perfectly  protected  from  all  winds.  If  this  basin  was  dredged  ont  to  a 
depth  of  12  feet,  it  wonld  make  a  most  excellent  and  spacious  harbor  of 
refhge. 

The  present  plan  of  improvement  is  to  dredge  out  the  channel  between 
the  piers  to  a  depth  of  12.feet,  to  exten<l  the  north  pier  192  feet,  and  the 
south  pier  352  feet.  Owing  to  bad  weather  last  year  this  improvement 
was  not  entirely  finished ;  the  superstructure  of  the  north  pier  is  yet  to  be 
built.  This  can  easily  be  done  this  year.  I  would  recommend  that  each 
pier  be  further  extended  224  feet,  aud  that  the  old  pier-work,  especially 
that  on  the  south  side,  be  repaired.    The  cost  will  be — 

44S  feet  of  pier  extended §50, 000 

1,200  feet  of  old  pier  repaired 20, 0(K) 

Total 70, 000 


This  amount,  I  think,  will  suffice  to  j)ermanently  complete  the  work, 
with  the  exception  of  occasional  dredging  between  the  piers,  unless  it 
be  deemed  advisable  to  dredge  out  the  basin,  which  would  cost  $20,000. 
I  append  abstract  of  contracts,  work,  &c. 
V^erv  respectfidly,  vour  obedient  servant, 

D.  P.  HEAP, 
Captain  of  Engineers. 


Abstract  of  contracts  for  improving  the  harbor  of  Kenosha^  Wisconsin. 


Contractors. 


JaniM  V.  Sanger.  James 
H.  Ledlie,  and  John  M. 
Corse 


C«iebH.  Parker. 
Cifeb  H.  Parker. 


Nature  of  contract. 


Piles,  per  lineal  foot 

Oak  plank,  per  thousand,  (board  measure) 

Pine  plank,  per  thousand,  (board  measure) 

Twelve-inch  squaie  timber,  pine,  per  lineal  foot 

Twelve-inch  square  timber,  oak.  per  lineal  foot 

Iron  bolts  and  spikes,  per  pound 

Brush,  in  cribs,  per  cord 

Stone,  in  cribs,  per  cord 

Drivinjj^  piles,  per  lineal  foot 

Framing,  per  lineal  foot 

Placing  cribs,  each 

(Repairs  to  be  paid  for  at  rates  fixed  bj  engineer  officer 
in  charge.) 

Dredging  between  piers  and  for  foundation  of  cribs, 
per  cubic  yard 

Dredging  on  bars  or  points  outside  of  proposed  exten- 
sion   


Price. 


19 

:?5  00 

30  00 

29 

39 

10 

5  00 

13  S7 
13 
10 

39  00 


37 
74 


Aktract  of  material  received  and  work  done  at  Kenosha  harbor  fram  July 

1,  1867,  to  June  30, 1868. 

36,607  lineal  feet  of  timber ;  7,900  feet  (board  measure)  of  plank ;  50 
cords  of  brash ;  1,027 J  cords  of  stone ;  76,257  pounds  of  iron ;  207  pounds 
of  spikes;  40,750  lineal  feet  of  timber  framed;  17  cribs  placed;  68,420 
cable  yards  of  dredging. 
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The  resulting  length  of  pier  is  that  proposed  by  the  plan.  Both  piera 
are  now  of  equal  length.  The  depth  of  water  between  the  piers  is  1^ 
feet. 


All. 

CHICAGO  HARBOR. 

Chicago,  Illinois,  is  situated  in  Cook  county,  at  the  mouth  of  the  Chi- 
cago river;  it  is  in  the  collection  district  of  Chicago,  and  is  itself  a  port 
of  entry. 

Number  of  vessels  arriving  at  this  port  from  July  1, 1867,  to  July  1, 
1868, 12,194;  tonnage,  2,790,446;  seamen,  113,561. 

Number  of  vessels  cleared  from  this  port  from  July  1, 1867,  to  July  1, 
1868,  13,026;  tonnage,  2,789,116;  seamen,  114,095. 

Atnount  of  revenue  collected  during  fiscal  year  ending  June  30, 1868. 

Duties  paid  in  coin $659, 409  48 

Revenue  paid  in  currency 36, 139  56 

Total 695, 549  04 


Mr.  Walter  B.  Scates,  collector  of  customs  at  Chicago,  was  kind  enough 
to  furnish  me  with  the  above  information. 

The  light-house  is  placed  on  the  pier,  near  the  outer  end,  in  latitude 
N.  410  53/  25"',  longitude  W.  87o  36'  56'^  The  light  is  fixed,  and  is  visi- 
ble 15  nautical  miles.  The  tower  is  built  of  iron ;  is  black,  and  72  feet 
high.  The  height  above  sea  level  is  83  feet.  The  lens  is  of  the  fourth 
order.    The  tower  was  built  in  1859. 

The  commerce  and  navigation  benefited  are  very  general^  as  this  is 
the  port  from  which  a  great  proportion  of  the  grain  grown  in  the  west 
is  shipped  to  the  east,  and  as,  also,  it  is  one  of  the  few  harbors,  near  the 
southern  end  of  Lake  Michigan,  in  which  shelter  can  be  obtained  during 
a  storm. 

The  original  plan  of  improvement  was  to  extend  the  north  pier  600 
feet,  and  to  do  such  dredging  as  necessity  should  require.  Instead  of 
commenciog  this  extension  immediately  at  the  end  of  the  old  north  pier, 
it  was  commenced  300  feet  from  the  pier,  leaving  this  opening  as  an 
entrance  to  the  basin  now  being  built  by  the  Chicago  Dock  and  Canal 
Company.  Tbe  Chicago  Dock  and  Canal  Company,  in  consideration  of 
this  opening  being  left  for  their  benefit,  agreed  to  assume  any  expense 
which  might  accrue  to  the  contractors  through  the  departure  from  the 
original  plan. 

The  same  benefit  will  be  obtained  now  by  extending  the  pier  300  feet 
as  by  adopting  the  old  plan  of  a  600  feet  extension ;  consequently  I  do 
not  think  it  would  be  advisable  at  present  to  build  more  than  300  feet  of 
pier  on  the  north  side. 

The  bar  at  the  mouth  of  the  harbor  increased  considerably  last  winter, 
owing,  in  a  great  measure,  to  the  Chicago  Dock  and  Canal  Company  not 
inclosing  their  basin  in  time,  according  to  agreement.  I  have  me<asured 
the  amount  of  increase  and  find  it  to  be  a  little  over  4,000  cubic  yards. 
The  company  agree  either  to  pay  for  its  removal  .or  have  it  removed 
themselves. 


BEPOBT  OF  THE  SECRETARY  OP  WAR. 


Ill 


Other  dredging  should  be  done^  and  if  it  is  determined  that  the  gov- 
ernment is  to  do  it,  and  also  to  extend  the  south  pier,  then  $60,000  could 
be  expended  during  this  fiscal  year. 

The  plan  of  improvement  at  this  harbor,  as  well  as  at  every  other,  can 
be,  from  its  nanire,  but  transient  in  its  effect.  We  can  hope  for  no 
permanent  improvement  until  we  accomplish  the  impossibility  of  arrest- 
ing or  changing  the  action  of  the  wind  on  the  waves.  Until  we  do  this, 
the  inevitable  bar  will  form  sooner  or  later  at  the  mouth  of  every  harbor. 
All  that  is  in  our  power  to  do  is  to  retard  its  formation  as  long  as  pos- 
sible. 
I  append  abstracts  of  contracts,  work,  &c. 
Very  respectfully,  your  obedient  servant, 

D.  P.  HEAP, 
Captain  of  Engineers. 


Ahftra^t  of  material  received  and  work  done  at  Chicago  harbor  from  July 

1, 1867,  to  June  30, 1868. 

54,555  lineal  feet  of  timber;  865^  cords  of  stone ;  76  piles ;  20,946  lineal 
feet  of  timber  framed ;  76  piles  driven  •,  4,319  iron  bolts  used ;  865^  cords 
stone  of  used. 

Ninety-six  feet  of  pier-work  have  been  finished.  This  small  amount  ot 
pier-work  finished  is  due  to  the  delay  occasioned  to  the  contractors  by 
the  building  of  the  Chicago  Dock  and  Canal  Company's  basin.  As  this 
delay  was  not  the  fault  of  the  contractors,  they  were  allowed  one  year 
longer  to  fulfill  their  contract. 

There  were  3,152  cubic  yards  of  dredging  done. 


Abstract  of  contract  for  improving  harbor  at  Chica^o^  Illinois. 


Contractor. 


John  M.  Corse. 


Nature  of  contract. 


Twelve-inch  square  timber,  per  lineal  foot 

Three-inch  plank,  per  thousand  feet,  (board  measure) 

Brush,  per  cord 

Stone,  per  cord 

Delivering  and  driving  white-oak  piles,  each 

Framing  and  sinking  cribs,  per  lineal  foot 

Iron  bolts,  per  pound 

Iron  spikes,  per  pound 

Dredgmg  inside  of  piers,  per  cubic  yard 

Dredging  outside  of  piers,  per  cubic  yard 


Price. 


$0  28 

31  75 

5  74 

8  74 


11 


98 

lU 

14i 

44 

74 


A  12. 


MICHIGAN   CITY   HAHBOB. 

Michigan  City,  Indiana,  is  situated  at  the  southern  end  of  Lake  Mich- 
igan, and  is  the  only  lake  port  of  Indiana. 

It  is  in  the  collection  district  of  Chicago,  Illinois,  which  is  also  the 
nearest  port  of  entry.  The  light-house  is  in  latitude  41°  43'  23'' ;  longi- 
tude west,  860  54'  20".  The  light  is  fixed,  and  is  visible  11  nautical 
miles;  the  tower  is  yellow,  and  is  34  feet  high;  the  light  is  52  feet  above 
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sea  level;  the  lens  is  of  the  fifth  order.  The  tower  was  built  in  1837. 
and  rebuilt  in  1858;  the  light  is  on  the  keep^r^s  dwelling.  The  commerce 
and  naAigation  benefited  are  both  local  and  general.  Large  amounts  of 
iron  ore  have  been  brought  here  lately  from  Lake  Superior ;  there  is  a 
respectable  lumber  trade  carried  on;  and,  besides,  wl\en  this  harbor  is 
completed  it  will  make  an  important  harbor  of  refuge. 

The  present  plan  of  improvement  is  to  extend  the  east  pier  288  feet, 
and  the  west  pier  320  feet,  thus  making  both  of  equal  length. 

The  government  is  dredging  out  the  channel.  The  present  appropria- 
tion, $75,000,  is  sufftcient  to  complete  this  plan  of  improvement,  and 
this  sum  can  properly  be  expended  during  this  fiscal  year.  The  work 
was  let  on  the  7th  of  Aiigust,  1867. 

The  contract  for  timber  and  framing  w-as  awarded  to  Francis  C.  Slater, 
of  Chicago.  By  his  contract  he  was  required  to  place  four  cribs  last 
year;  up  to  7th  of  February,  18C8,  he  had  delivered  no  timber  and  done 
no  framing.  On  this  date  the  contract  was  taken  from  Slater  and  given 
to  J.  D.  Dolan,  of  Milwaukee.  The  district  attorney  of  Chicago,  Hon. 
Jesse  O.  Norton,  has  been  directed  to  prosecute  Mr.  Slater  for  the  non- 
fulfillment of  his  contract.  I  do  not  think  it  advisable  to  extend  the 
piers  any  farther  than  contemplated  by  the  present  plan;  no  matter  how 
long  they  may  be,  they  will  not  prevent  the  sand,  brought  by  the  Adolent 
northerly  storms,  from  being  washed  in  between  them.  An  expense  of 
from  $2,000  to  $5,000  will  probably  have  to  be  incurred  each  year  to  pay 
for  the  dredging  necessary  to  keep  the  harbor  open.  I  would  recom- 
mend that  the  north  bank  of  the  river  be  sheath-piled  from  the  bend  to 
above  the  bridge,  a  distance  of  1,350  feet,  and  the  river  dredged  to  a 
depth  of  12  feet  for  this  same  distance.  If  this  be  done  it  will  improve 
the  harbor  greatly,  making  it  more  roomy,  and  aftbrding  a  safer  anchor- 
age for  vessels  than  now  exists  between  the  piers,  as  the  channel  there 
is  directly  exposed  to  northerly  winds,  and  as  being  an  unsafe  place  for 
vessels  of  heavy  draught  to  lie  during  a  storm.  I  have  made  estimates 
of  the  cost  of  sheath-piling  and  dredging,  and  find  them  to  be  : 

Sheath-piling 810, 672 

Dredging . .    24,  750 

Total 35, 422 


If  this  sum  was  appropriated  it  could  be  profitably  expended  during 
this  fiscal  year.  The  amount  of  earth  dredged  last  year  by  the  govern- 
ment was  17,744  cubic  yards,  at  a  cost  of  $4,674  66,  being  32  cents  per 
cubic  yard.  The  following  extracts  from  a  letter  written  to  me  by  Mr. 
Ensign  Bennett  will  show  the  expenses  up  to  1st  of  July  this  year: 

"You  will  notice,  in  the  returns  of  work  done  at  Michigan  City,  that 
the  amount  of  material  actually  removed  and  deposited  in  Lake  Michi- 
gan up  to  the  Ist  of  Jidy,  is  20,940  cubic  yards,  and  that  the  exi>enses 
attending  the  dredging,  up  to  the  same  date,  had  been  $4,801  57,  or 
nearly  23  cents  per  cubic  yard.  Of  this  sum  $1,750  is  fairly  chargeable 
for  the  repairs  of  the  dredge  and  dump-scows,  thus  reducing  the  actual 
expenses  of  dredging  to  a  fraction  over  14  cents  per  cubic  yard. 

'^  Still  another  deduction  ought  to  l)e  made  for  time  lost  in  dredging  a 
channel  of  sufficient  depth  to  load  scows,  and  also  for  the  time  consumed 
in  opening  a  cut  for  the  passage  of  the  dredge  from  the  plac^  where  it 
was  laid  up  last  winter  to  deeper  water  near  the  mouth  of  the  harbor, 
where  the  dump-scows  could  be  used.    The  dredge  commenced  work  on 
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this  cut  on  the  Ist  of  April,  and  it  was  not  nntil  the  afternoon  of  the 
20th  of  April  that  the  scows  could  be  usedj  meantime  the  material 
dredged  was  necessarily  cast  to  the  side  of  the  cut.  It  is  probable  that 
not  less  than  8,500  cubic  yards  were  moved  in  this  manner,  for  which 
DO  credit  is  given/ 

When  it  is  borne  in  mind  that  at  least  one-third  of  the  material  dredged 
has  been  tough  clay,  the  cost  may  be  considered  as  within  reasonsH^le 
limits.  I  desire  to  bear  testimony  to  the  efficiency  of  Mr.  Ensign  Bennett, 
United  States  foreman  at  Michigan  City  and  New  Buffalo.  He  has  super- 
iutended  the  government  work  at  those  places  with  great  care  and  ability, 
and  has  given  satisfaction  both  to  his  employers  and  to  the  citizens  of 
those  towns. 

I  append  abstracts  of  bids,  contracts,  &c. 
Very  respectfully,  your  obedient  servant, 

D.  P.  HEAP, 
Captain  of  Engineers. 


Abstract  of  bids  for  improving  the  harbor  at  Michigan  City^  Indiana, 


Contractor. 


Francis  A.  Slater,  Chicago. 


J.D.Dolan,  Milwaakee 


Nature  of  contract. 


Galen  Eastman,  Grand  Ha- 
Ten. 


GeoT^  Hannahs,  South  Ha- 
ven. 

H.  0.  Sherman,  Michigan 
City. 


Cbapm  &-  Wells,  Milwau- 
kee. 

Haabronck  &  Conro,  Mil- 
waukee. 


8  w— Part  n 


]  2  inch  square  timher 

Iron  bolts 

Stone 

Framing 

12-inch  square  timber 

3-inch  plank 

Iron  bolts 

Iron  spikes 

Stone 

Brush 

Framing 

12-inch  square  timber. 

3  inch  plank 

Iron  bolts 

Iron  spikes 

Stone 

Brush 

Framing 

12-iuch  square  timber 

Framing 

J  2-inch  square  tim- 
ber,(piue) 

12-inch  square  tim- 
ber, (other) 

3-inch  plank 

Iron  bolts 

Iron  spikes 

Stone 

Brush 

Framing 

Iron  bolts 

Iron  spikes 

12-inch  square  timber 

Iron  bolts 

Stone 

Brush 

Framing 


Price  paid. 


14  cents  per  lineal  foot. 
7^  cents  per  pound. 

$2  66|  per  cubic  vard. 
13  cents  per  lineal  foot. 

15  cents  per  lineal  foot. 

16  cents  per  lineal  foot. 

6  cents  per  pound. 
8  cents  per  pound. 

|2  62^  per  cubic  yard. 
75  cents  per  cubic  yard. 

17  cents  per  lineal  foot. 
$17  9  per  lineal  foot. 

$1^  75  per  1,000  feet,  (board  measure.) 
5.9  cents  per  pound. 
7.9  cents  per  pound. 
$2  90  per  cubic  yard. 

60  cents  per  cubic  yard. 
24  cents  per  lineal  foot. 
16f  cents  per  lineal  foot. 
14f  cents  per  lineal  foot. 

19  cents  per  lineal  foot. 

17  cents  per  lineal  foot. 

$16  per  1,000  feet,  (board  measarei.) 

5  cents  per  pound. 

8i  cents  per  pound. 

$3  18  per  cubic  yard. 

$  I  25  per  cubic  yard. 

17  cents  per  lineal  foot* 

4|  cents  per  pound. 

61  cents  per  pound. 

20  cents  per  lineal  foot. 

7  cents  per  pound. 
$15  per  cord. 

$6  per  cord. 

15  cents  per  lineal  fo«t* 
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Abstraet  of  hids^  tfce. — Continued. 


1 

Contractor. 

Nature  of  contract. 

Price  paid. 

James  H.  Mallory.  El^inn, 
Kane  county,  Illinois. 

12-inch  square  timber- 

3  inch  plank 

Iron  bolts .--..- .... 

2I|  cents  per  lineal  foot. 

$24  per  1,000  feet,  (board  measure.) 

5 J  cents  per  pound. 

1 3  cents  per  pound. 

$15  90  per  cord. 

$6  per  cord. 

13^  cents  per  lineal  foot. 

18  cents  per  lineal  foot. 

5^  cents  per  pound. 

$15  75  per  cord. 

I9i  cents  per  lineal  foot. 

18  cents  per  lineal  foot. 

$16  per  1,000  feet,  (board  measure.) 

4.9  cents  per  pound. 

8  cents  per  pound. 

$15  50  per  cord. 

$3  per  cord. 

18  cents  per  lineal  foot. 

Iron soikes ... ...... 

Stone .............. 

Brush  ............. 

Silver  Ar,  Bower,  Michigan 
City. 

Framing 

12- inch  square  timber- 
Iron  bolts 

Stone 

Barker  <&  Roberta,  Michi- 
gan City. 

Framing 

12-inch  square  timber- 

3-inch  plank 

Iron  bolts 

Iron  soikes ......... 

Stone 

Brush .* 

FraminsT  ....  ...... 

Abstreict  of  contraet  for  improving  harbor  of  Michigan  City^  Indiana^ 

August,  1867. 


Contractors. 

Nature  of  contract. 

Price. 

J.  D.  Dolan ...... .... ..... 

Stone,  ner  cubic  yard 

$2  62| 
75 

J.  D.  Dolan. .............. 

Brush  or  slabs,  ner  cubic  vard 

F.  A.  Slater 

12-inch  sQuare  timber,  ner  lineal  foot 

14 

F.  A.  Slater 

Framing,  including  placing,   sinking,  and  filling 
cribs  -..--. ...... . 

13 

Chanin  &  Wells 

Iron  bolts,  per  pound 

on 

Chanin  &  Wells 

Iron  soikes.  ner  oound ......  ....  ........ .... 

• 

Abstract  of  eontract  for  improving  harbor  of  Michigan  City,  February  7, 

1868. 


Contractor. 

Nature  of  contract. 

Price. 

J.  D.  Dolan 

12-inch  SQuare  timber,  ner  lineal  foot.......... 

CtntB. 

15 

3-<inch  olank,  per  lineal  foot 

IG 

Framinr,  per  lineal  foot ..........  ..'............. 

17 

Abstract  of  material  received  and  work  done  during  tJie  last  fiscal  year. 

Four  hundred  and  fifteen  cords  of  stone;  24,193  pounds  of  iron;  38,684 
.cubic  yards  dredging,  ^o  timber  has  been  received,  and  no  framing  has 
been  done. 

The  dredging  has  opened  and  kept  open  a  channel  12  feet  deep  the 
whole  length  of  the  piers. 
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Milwaukee,  Wisconsin,  February  8,  1868. 

Gexeral  :  I  have  the  honor  to  submit  this  as  a  supplementary  report 
ui)on  Michigan  City  harbor,  to  be  ackled  to  those  already  on  lile  at  head- 
quarters of  the  corps  of  engineers.  In  making  this  report  I  kept  in  view 
that  tlie  improvement  of  this  harbor  is  merely  for  the  trade  of  Michigan 
Cit}',  and  shelter  for  those  vessels  accidentally  caught  by  stress  of  weather 
in  its  vicinity. 

The  commerce  of  Michigan  City  is  increasing,  and  will  grow  rapidly 
if  this  improvement  should  be  made,  and  the  large  number  of  vessels 
sailing  on  this  lake  assures  us  that  a  storm  rarely  happens  during  tbe 
season  of  navigation  that  does  not  catch  some  of  them  in  the  vicinity  of 
this  harbor.  A  harbor  of  sufficient  capacity  and  safety,  where  they 
might  seek  refuge  under  such  circumstances,  would  be  essentially  neces- 
sary for  them.  I  have  confined  my  plans  and  estimate  in  previous  re- 
|)orts  to  deepening  the  straight  channel  from  the  lake  to  the  river  to  12 
feet,  and  extending  the  piers  to  the  same  depth  of  water  in  the  lake. 
The  experience  of  the  pa.st  autumn  and  present  winter  has  shown  the 
necessity  of  further  improvements  to  be  made  in  order  to  make  this  a 
safe  barber. 

I  found  last  fall  that  vessels  lying  hi  the  straight  channel  between  the 
piers  were  subject  to  injury  caused  by  the  heax-j'  swell  of  the  lake  run- 
ning in  the  harlM>r  during  northerly  storms,  and  to  secure  the  dredge  and 
scows,  we  brought  them  around  the  point,  near  B,  on  the  attached  sketch, 
in  the  bend  of  the  river.  To  seciu^e  those  vessels  in  the  harbor,  or  those 
rnnning  into  this  harbor  for  safety,  it  is  necessary  that  they  should  round 
this  point.  A  channel  of  not  less  than  10  feet  was  nmde  by  dredging 
(luring  the  past  year  between  the  piers.  At  present  a  depth  of  about 
Heven  feet  exists.  This  blocking  up  or  filling  of  the  channel  has  been 
caused  by  the  sand-drift  from  ^i^  northeast,  partially  deposited  by  the 
littoral  current  behind  the  weather  pier,  but  dejiosited  mostly  by  the  cur- 
rent of  the  river,  that  brings  down  all  that  is  blown  over  by  the  force  of 
the  \nnd  and  that  part  worn  from  the  bank  by  the  stream.  To  make 
this  harbor  useful  we  must  cut  off  this  point,  as  marked  b}"  the  dotted 
red  hue  on  the  sketch  from  B  to  F,  sheath-pile  along  the  north  bank  of 
the  river  for  1,350  feet,  and  deepen  the  river  by  dredging  throughout  its 
full  width,  from  it«  mouth  to  the  upper  end  of  the  piling,  near  E. 

Tliis  will  allow  vessels  to  sail  around  the  bend  and  be  secure  during  a 
northerly  gale.  The  piling  will  prevent  in  a  great  measure  the  filling  up 
of  the  channel,  and  if  board-fencing  be  placed,  or  shrubbery  and  grass 
l)emade  to  grow  on  the  ridge  of  sand  running  parallel  to  the  river,  the 
drift  caused  by  the  northerly  winds  may  be  checked  and  the  channel 
migfht  be  kept  open  for  a  long  time.  This  point  was  partially  removed 
and  a  portion  of  the  sheath-piling  driven,  under  the  direction  of  either 
Colonel  Graham  or  Mr.  Bowes.  The  estimated  cost  of  these  is  as  fol- 
lows: 

Eemoving  point  and  deepening  channel  of  river $24,750  00 

Per  1,350  feet  sheath-piling 10,G72  50 

Total ' 35,422  50 


I  would,  therefore,  respectfully  request  that  this  additional  amount  be 
asked  for  in  order  to  make  Michigan  City  harbor  suitable  for  the  pur- 
lK)ses  intended,  viz :  suitable  for  its  particular  commerce,  and  a  refuge 
tor  those  vessels  caught  in  a  storm  when  in  its  vicinity. 
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For  detail  estimates,  I  would 'refer  to  the  report  of  Captaiu  D.  P.  Heap, 
Unitod  States  engineers,  herewith  attached. 

I  am,  general,  very  respectfully,  your  obedient  servant, 

J.  B.  WHEELER, 
Major  of  Engineers  and  Brevet  ColoneU 

Major  General  A.  A.  Humphreys, 

Chief  of  Engineers^  Cwn^dg  Corps  of  Engineern  U.  8.  A., 

Washington^  D.  C. 


Milwaukee,  Wisconsin,  February  4, 1868. 

.  Colonel  :  I  have  the  honor  to  submit  the  following  report  on  Michi- 
gan City  harbor: 

During  last  summer  the  straight  cut  A  B,  (see  accompanying  tracing,) 
was  dredged  sufficiently  deep  to  allow  large  Vessels  to  enter  ^e  harbor 
and  lie  at  either  pier.  There  was  also  dredging  done  from  B  to  C  to  se- 
cure the  dredge  and  scows  a  safe  place  to  lie  during  the  winter.  After 
the  dredging  was  stopped,  the  channel  A  B  filled  up  considerably, partly, 
I  think,  from  the  sand  being  washed  in  the  mouth  of  the  harbor,  but  also, 
in  a  great  measure,  from  sand  being  carried  down  by  the  creek.  The 
whole  north  bank  of  this  creek  is  composed  of  fine  sand,  is  but  very  slightly 
protected  by  shrubbeiy,  and  is  continually  being  cut  away  by  the  action 
of  the  water.  There  use<l  to  be  a  few  trees  growing  to  the  north  of  the 
Michigan  Central  railroad  round-house,  but  these  have  been  removed  to 
give  air  to  the  work-shops. 

So  long  as  the  north  bank  is  left  unprotected,  just  so  long  will  the 
creek  continue  depositing  its  sand  between  the  piers,  thus  necessitating 
dredging  every  year.  To  obviate  this  I  would  propose  that  this  bank  be 
sheath-piled  from  the  point  B  Jo  E,  and  the  creek  dredged  to  a  depth  of 
12  feet  for  the  same  distance ;  the  point  A  should  be  cut  off  on  the  dot- 
ted line  shown  in  the  tracing  from  B  to  F.  The  distance  from  B  to  E  is 
1,350  feet;  the  average  depth  of  water  at  present  is  two  feet.  The  citi- 
zens propose  to  use  the  bank  from  B  to  D  for  docks,  and  will  probably 
commence  building  these  docks  as  soon  as  the  channel  is  dredged  to 
the  proper  depth ;  if  they  do  so  it  will  only  be  necessary  to  sheath-pile 
from  the  bridge  to  E,  a  distance  of  600  feet.  As  the  harbor  is  at  pres- 
ent, even  with  a  proi>er  depth  of  water  between  the  piers,  vessels  cannot 
lie  with  safety  alongside  of  them,  as  the  piers  afford  no  protection  to 
northerly  wind«,  which  are  the  most  violent  that  this  harbor  is  exposed  to. 

If  the  creek  is  dredged  the  distance  proposed,  a  safe  anchorage  for  a 
lai'ge  number  of  vessels  is  at  once  obtained,  and  until  this  is  done,  and 
the  sand  prevented  from  coming  down  the  creek,  the  harbor  will  be  con- 
tinually getting  choked  up,  and  will  not  be  of  much  use  when  open. 

I  append  estimates  of  the  probable  cost  of  the  dredging  and  sheath- 
piling. 

Very  respectfully,  your  obedient  servant, 

D.  P.  HEAP, 
Captain  of  Engineers, 

Major  and  Brevet  Colonel  J.  B.  Wheelee, 

Corps  of  Engineers. 
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eo/tkecost  of  1,31)0  feet  of  sheatk-pilhig  at  Michigan  City,  Indiana. 

3, 12  inches  square  and  30  feet  long  =s  4,080  lineal  feet, 

^nte $612  00 

tplanks,  4  by  8  inches  by  26  feet  =  126,256  feet,  (board 

re,)  at  $18 2,272  60 

eal  feet  of  12-inch  square  timber  for  land  ties ;  1,360 
feet  of  12-inch  square  timber  for  groundsills;  1,360 
feet  of  12-inch  square  timber  for  caps  5  1,360  lineal 
f  12-inch   square  timber,  for  stringers=6,800  lineal 

2-inch    square  timber,  at  20  cents 1,360  00 

mds  9-inch  spikes,  at  10  cents 380  00 

mds  of  l^-inch  square  bolts,  20  inches  long,  at  6  cents,        391  68 

136  piles,  at  $4 544  00 

1,821  sheath  piles,  at  $2 3,642  00 

f. framing. 500  00 

9,  702  28 
>er  cent,  for  contingencies 970  22 

10, 672  50 

D.  P.  HEAP, 
Captain  of  Engineers. 

of  amount  of  dredging  required  at  Michigan  City  harbor,  Indiana,, 
in  accordance  with  the  foregoing  report. 

proposed  to  be  dredged,  1,350  feet ;  average  depth 
er  at  present,  2  feet ;  proposed  width  of  channel,  100 
lepth  to  be  obtained,  12  feet ;  number  of  cubic  yards 
erial  to  be  removed,  50,000  5  cost  per  cubic  yard,  45 

total  cost $22, 500  00 

)er  cent,  for  contingencies 2, 250  00 

rand  total 24, 750  00 

D.  P.  HEAP, 
Captain  of  Engineers, 


A  13. 

NEW  BUFFALO  HARBOR, 

arbor  is  situated  in  Michigan,  about  nine  miles  to  the  east  of 
I  City. 

»ufiOalo  is  in  the  collection  district  of  Chicago,  Illinois,  which  is 
nearest  port  of  entry ;  the  nearest  light-house  is  at  Michigan 
vessels  sail  to  or  from  this  harbor ;  if  it  were  put  in  a  suitable 
1  it  would  make  a  good  harbor  of  refuge,  but  stiU  would  neces- 
eat  expense. 

resent  improvement  consists  of  cutting  through  the  low  sand- 
reen  Lake  Pottawatomie  and  Lake  Michigan,  extending  the  cut 
0  the  former  lake,  and  close  sheatb-piliag  the  sides  of  the  cut. 
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The  cost  of  this  improvement  was  estimated  to  be  $384,000 :  $60,00 
was  appropriated,  of  which  about  $30,000  have  already  been  expeudeti 

If  it  is  determined  to  continue  this  work,  the  remainder  can  properfj 
be  expended  during  this  fiscal  year. 

'  On  the  30th  of  last  June  the  cut  had  been  carried  through  to  the  lalce 
three  times,  and  each  time  its  mouth  vas  closed  up  again  by  the  action 
of  the  waves. 

I  think  that  the  best  way  to  remedy  this  is  to  build  two  piers,  each 
100  feet  long,  extending  into  Lake  Michigan  from  both  sides  of  the  cut. 
A  pile-pier,  similar  to  that  used  at  St.  Joseph,  Michigan,  would  be  most 
economical. 

To  permanently  improve  the  harbor  these  piers  would  each  have  to  be 
fiuther  extended  500  feet,  so  as  to  reach  12  feet  water  in  the  lake,  aud 
the  channel  would  have  to  be  dredged  to  this  depth ;  after  this  is  done 
it  would  be  necessary  to  dredge  a  basin  in  Lake  Pottawatomie  of  suffi- 
cient size  to  admit  a  number  of  vessels,  so  as  to  render  the  harbor  useful 
as  a  harl)or  of  refuge.  These  imx)rovements  would  cost  in  the  neighbor- 
hood of  $500,000.  As  the  waves  would  be  continually  filling  the  moutb 
of  the  harbor  with  sand,  from  $3,000  to  $8,000  would  have  to  be  spent 
yearly  in  dredging  out  the  channel. 

In  view  of  these  facts  I  would  recommend  that  the  work  be  stopped, 
and  that  the  material  bought  by  the  government  be  sold. 

I  append  abstracts  of  work,  contracts,  &c. 
Very  respectfully,  your  obedient  servant, 

D.  P.  HEAP, 
Captain  of  Engineers. 


Abstract  of  worJc  done  and  matm'lal  received  at  Xeic  Bnfhlo,  from  July  1. 

1807,  to  June  30,  1868. 

Work  done :  dredging,  70,563  cubic  yards. 

Material  received:  63,288  feet  timber,  board  measure;  40,500  linea] 
feet  piles;  14,659  pounds  iron. 

Note. — The  dredging  done  consists  of  a  cut  through  the  sand-hill  to 
Lake  Michigan  and  extending  back  into  Lake  Pottawatomie,  making-  iu 
all  a  cut  about  1,400  feet  long,  40  feet  wide,  and  six  feet  deep. 

None  of  the  materials  received  have  as  vet  been  used. 


Abstract  of  contract  for  improving  harbor  of  Xew  Buffalo^  Michigan. 

Contractors. 

Nature  of  contract. 

Price. 

Caikin  &,  Kimball  . . . .  -  - . 

Dredeinir,  per  cubic  vard.  in  soft  material ........ 

$0  .34 

OS 

Piles,  ner  lineal  foot .-.. ...... .... ...... 

Timber,  per  M,  (board  measure) 

Piank.  ner  M.  (board  measure) 

15  00 

16  00 

Stone,  nor  cord  of  VZ^  cubic  feet 

15  75 

Slabs,  ner  cord  of  1 2H  cubic  feet 

2  90 

Framiuer,  ner  lineal  foot 

08i 
06^ 
70 

Driviner  piles,  per  lineal  foot 

Dredffinc  per  cubic  yard,  in  hard  material 

R.  Nelson  Gere  ... ...... 

Iron  bolts,  per  pound - 

04r^o 
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A  14. 


ST.  JOSEPH  HARBOR,  MICHIGAN. 

St.  Joseph  is  situated  on  the  east  sbore  of  Lake  Michigan.  It  is  in 
the  collection  district  of  Grand  Haveu,  and  the  nearest  port  of  entry  is 
Grand  Haven. 

The  light-house  is  placed  at  the  mouth  of  St.  Joseph's  river,  south  side. 
The  light  is  fixed,  varied  by  flashes  at  intervals  of  one  and  a  half  minute, 
aud  is  visible  15  nautical  miles.  It  is  placed  on  the  keeper's  wooden 
dwelling,  which  is  painted  w  hite.  The  lieight  of  the  tower  is  35  feet, 
and  it^  height  above  sea  level,  90  feet.  It  was  first  built  in  1831 ;  rebuilt 
in  1859.    The  lens  is  of  the  fourth  order. 

The  commerce  and  navigation  benefited  are  both  local  and  general. 
St.  Joseph  is  the  port  from  which  an  immense  amount  of  fruit  is  shipped 
yearly,  and  the  harbor  when  imi)roved  w  ill  make  a  fine  haibor  of  refuge. 

The  north  pier  is  1,100  feet  loug.  During  last  fiscal  year  the  south 
pier  was  extended  200  feet.  This  extension  consists  of  a  pile  pier,  and 
is  now  finished,  with  the  exception  of  filling  the  last  two  sections  with 
stone.  These  sections  were  nearly  filled  once,  but  a  violent  storm  arose 
while  the  men  were  at  work,  and  the  stone  was  washed  out.  I  would 
recommend  that  the  south  pier  be  extended  700  feet  furthex,  thus 
making  it  equal  in  length  to  the  north  pier.  If  this  extension  be  built 
on  piles,  it  will  cost  $50,000 ;  if  built  of  cribs,  the  cost  will  be  $80,000. 
If  this  work  is  commenced  soon  one-half  of  it  could  easily  be  finished 
during  this  fiscal  year.  The  channel  now  is  close  to  the  south  pier.  On 
leariug  the  end  of  this  pier  it  tends  nearly  due  south,  and  a  bar  has 
extended  from  the  end  of  the  north  pier  nearly  across  the  mouth  of  the 
harbor,  thus  making  the  entrance  very  difticult,  especially  to  sailing-ves- 
sels, which  is  to  be  deplored,  for  with  an  easy  entrance  this  would  make 
a  tine  harbor  of  refuge.  When  both  piers  are  of  equal  length  this  bar 
will  be  in  a  great  measure  removed  by  the  current,  which  is  quite  rapid. 

I  api)end  abstracts  of  contracts,  niaterial  received,  &c. 
Very  respectfullv,  your  obedient  servant, 

D.  P.  HEAP, 
Captain  of  Engineers, 


Ahstract  of  contract  for  improving  the  harbor  at  St.  Joseph^  Michigan, 


Contractor. 


Hasbrouck  &  Conro. 


Nature  of  contract. 


Oak  piles,  each 

Pine  timber,  per  cubic  foot 

Brush,  per  cord 

Stone,  per  cord 

Iron  bolts,  per  pound 

Iron  bolts  with  nut  and  screw,  per  pound, 


Price. 


$16  00 
35 

3  00 

15  00 

10 

18 


KoTE. — All  material  to  be  considered  as  received  must  have  been  used 
in  the  work. 

Ahtracf  of  materials  received  and  \ised  and  kibor  performed  at  the  harbor 

of  1st.  Joseph^  Michigan, 

17,088  cubic  feet  timber;  904  cords  stone;   324  cords  brush;  24,330 
pounds  drift  bolts ;  6,991  i)Ounds  screw  bolts ;  187  piles  driven. 
The  resulting  length  of  pier  is  200  feet. 
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A  15. 
SOUTH  HAVEN  HARBOR,  MICHIGAN. 

South  Haven,  Michigan,  is  25  miles  north  of  St.  Joseph.  It  is  in 
collection  district  of  Grand  Haven,  which  is  also  the  nearest  por 
entry.  The  nearest  light-house  is  at  Kalamazoo,  Michigan.  Prii 
enterprise  maintains  a  beacon-light  on  the  south  pier. 

The  commerce  benefited  by  improving  this  harbor  is  mainly  lo 
South  Haven  being  the  outlet  of  the  lumber  districts  of  the  countic 
Allegan  and  Van  Buren,  there  is  a  large  quantity  of  fruit,  especi 
peaches,  shipped  from  here  each  year.  South  Haven  is  an  enterprii 
place,  and  has  nearly  doubled  in  size  within  the  last  twelve  months, 
pre^sent  plan  of  improvement  consists  in  extending  the  piers  until  i 
reach  12  foot  water,  which  requires  each  pier  to  be  extended  320  feet 
would  recommend  that  each  pier  be  further  extended  128  feet, 
thousand  dollars  of  the  appropriation  are  still  on  hand.  This  sum 
properly  be  expended  this  summer  and  fall. 

The  piers  are  now  in  good  condition,  though  the  cribs  have  sett 
rather  irregularly.  This  spoils  their  appearance,  but  does  not  injure  tl 
efficacy. 

The  channel  varies  in  depth  according  to  the  direction  of  the  w 
During  a  storm  from  the  north  the  sand  is  brought  around  the  end  of 
north  pier  and  deposited  in  the  mouth  of  the  river.  When  the  north  ] 
is  equal  in  length  to  the  south  pier,  I  think  that  this  deposit  will 
materially  lessened. 

While  the  weather  is  calm  the  river  current  deei)en8  the  channel  i 
siderably,  but  not  entirely  across  between  the  piers,  so  I  think  it  a<l 
able  after  the  piers  are  built  that  about  $5,000  be  expended  in  dredg 

I  append  abstracts  of  contracts,  &c. 

Very  respectfuUy,  your  obedient  servant, 

D.  P.  HEAP, 
Captain  of  Engineer 


Abstract  of  contract  for  improving  harbor  at  South  Haven,  Michigar 


Contractors. 


Galen  Eastman.. 
Galen  Eastman.. 
Galen  Eastman.. 
Galen  Eastman.. 
Galen  Eastman.. 
R.  Nelson  Gere.. 
R.  Nelson  Gere.. 
George  Hannahs 


Nature  of  contract. 


12-inch  square  timber,  perM,  (board measure), 

3-inch  plank,  per  M,  (board  measure) 

Piles,  per  lineal  foot 

Stone,  per  cord 

Brush 

Iron  bolts,  per  pound 

Iron  spikes 

Framing,  per  lineal  foot 


Pr 


$13 
1.5 

14 
2 


Abstract  qf  materials  received  and  work  done  from  July  1, 1867,  to  J 

30, 1868. 

Material  received :  Stone,  1017  cords  j  timber,  44,488  lineal  feet ;  bn 
135  cords;  iron,  69,516  pounds. 

Work  done  and  material  used :  Timber  framed,  29,657  lineal  feet ;  bri 
135  cords;  stone,  1017  cords;  iron,  39,141  pounds. 
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There  are  now  12  cribs  placed,  8  of  them  on  the  south  side ;  on  this 
side  the  superstructure  has  been  commenced.  The  contractor  is  rapidly 
extending  the  north  pier. 


A  16. 

BLACK  LAKE,  MICHIGAN. 

Black  lake  is  22  miles  south  of  Grand  Haven.  Holland,  the  only  vil- 
lage on  the  lake,  is  six  miles  from  the  mouth.  It  is  in  the  collection  dis- 
trict of  Michigan,  and  the  nearest  port  of  entry  is  at  Grand  Haven.  The 
nearest  light-house  is  at  the  mouth  of  the  Kalamazoo  river,  eight  miles 
to  the  south ;  it  is  a  fixed  light  of  the  sixth  order.  The  amount  of  revenue 
collected  for  this  year  is  $091  31.  Number  of  an'iyals  and  departures 
of  vessels  is  1,082,  The  benefits  to  commerce  and  na\igation  arising  from 
this  improvement  will  be  both  general  and  local.  The  country  around 
Black  lake  is  thickly  settled  by  industrious  Hollanders,  who  are  building 
up  for  their  village  a  fine  trade.  A  company  has  been  organized  to  build 
a  railroad  from  Holland  to  Kalamazoo,  Michigan,  connecting  with  the 
Michigan  Central  and  Southern  railroads.  It  is  to  be  completed  by  July 
4, 1869.  This  will  open  a  new  channel  of  communication  between  the 
east  and  west,  and  render  the  harbor  of  Black  lake  of  considerable  im- 
portance. The  plans  for  the  improvement  of  this  harbor  were  given  in 
full  in  October,  1866.  They  were,  to  extend  north  pier  250  feet  and 
south  pier  275  feet;  at  entrance  to  Black  lake  the  channel  was  to  be 
close-piled,  1,125  feet  on  north  side  and  425  feet  on  south  side ;  a  row  of 
close-piling  was  to  be  driven  in  front  of  old  brush-work  through  cut,  and 
the  whole  channel  was  to  be  dredged  to  a  depth  of  12  feet.  The  cost  of 
entire  work  was  estimated  at  $106,615  31.  This  amount  has  been  appro- 
priated and  will  be  sufficient  to  complete  the  work  in  a  permanent  manner. 

Dredging  was  commenced  August  6, 1867,  and  during  last  season 
81,945  cubic  yards  were  removed.  During  same  time  893J  square  yards 
(30  feet  wide  and  268  feet  long)  of  sink-pieces  were  placed,  and  three 
cribs  sunk ;  one  crib  not  being  properly  filled  with  stone  washed  into  the 
channet,  where  it  now  remains.  Work  was  resumed  March  19, 1868,  and 
np  to  date  the  following  work  has  been  done:  There  have  been  placed 
on  north  side,  in  addition  to  the  three  placed  last  year,  four  cribs,  and 
one  in  place  of  the  crib  washed  into  channel  on  the  south  side;  four  cribs 
hare  been  sunk,  and  in  the  gaps  of  old  piers,  made  by  the  ice,  two ;  882 
square  yards  of  sink-pieces  have  been  placed,  and  22,650  cubic  yard 
(^ged.  No  superstructure  has  yet  been  built.  The  cribs  on  north 
side  stand  well,  and  when  built  up  will  present  a  very  creditable  appear- 
ance. On  the  south  side  the  first  three  cribs  are  placed  on  the  sand  and 
not  on  sink-pieces.  Nos.  1,  and  2  have  settled  unevenly  and  are  a  little 
out  of  line.  Nos.  3  and  4  are  level.  The  channel  continues  to  deepen  as 
the  work  progresses,  and  vessels  drawing  seven  or  eight  feet  can  enter 
withea«e. 

The  close  piling  at  Black  lake  and  of  channel,  especially  that  on  north 
side,  is  very  necessary  to  prevent  a  wash  of  sand.  The  point  thus  to  be 
protected  is  the  one  from  which  the  sand  heretofore  obstructing  the 
channel  has  been  washed. 

This  work  will  be  completed  by  end  of  August  this  year. 
I  am,  very  respectfully,  your  obedient  servant, 

A.  MACKEKZIE, 
Captain  United  States  Engineers. 

Brevet  Colonel  J.  B.  Wheeler, 

Major  of  Engineers  U.  8,  Army. 
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Abstract  of  contract  for  Improving  Iiarhor  of  Black  lake,  Michigan. 


Contractors. 


John  Roost... 
John  Roost... 
John  Roost... 
S.  N.  Kimball 
S.  N.  Kimball 
J.  H.  Ledlie. . 
J.  H.  I^edlie. . 
J^  E.  Miller  . . 
J.  E.  Miller  .. 
J.  E.  Miller  . . 
J.  E.Miller.. 


]2-iucb  timber,  per  line  foot 

3-inch  plank,  per  M,  (board  measure) 

Sink -pieces  placed,  per  square  yard 

Stone,  per  cord  of  128  cubic  feet 

Brush,  per  cord  of  1 28  cubic  feet 

Iron  bolts,  per  pound 

Iron  spikes,  per  pound 

Framing,  per  lineal  foot  of  timber 

Filling  with  stone,  per  cord 

Dredging  in  ordinary  material,  per  yard 

Dredging  in  hard-pan  or  stiff  clay,  per  yard 


$0  20 

25  00 

3  70 

13  40 

3  00 

06.9 

15 

09 

80 

34i 

()9 


Abstract  of  materials  received,  used,  and  labor  performed,  at  Blnck  lake, 

Michigan,  from  June  30,  1867,  to  JUne  30, 1868. 

• 

Material  received  and  labor  performed :  Timber,  55,296;  plank,  4,608'. 

stone,  571;  brush,  80;  iron,  56,012;  dredging,  104,595 ;  framing,  22,650 ' 

sink-pieces  placed,  1,775^;  cribs  placed,  11. 

Materials  used :  Timber,  22,650;  stone,  545;  brush,  80;  iron,  31,779. 

Piering  built,  (11  cribs,)  352  running  feet;  repairs  of  breaks,  72  run- 
ning feet. 

Amount  paid  for  labor  and  material. 

Timber $11, 059  2?) 

Phmk 115  20 

Stone,  (includes  putting  in) 8, 087  40 

Emsh 240  00 

Iron 3, 864  82 

Dredging 36, 085  27 

Framing 2, 038  50 

Sink-pieces 6, 568  73 

Total 68,059  12 


A  17. 

GRAND  HAVEN,  3IICHiaAN. 

Grand  Haven  is  on  the  east  shore  of  Lake  Michigan,  directly  east  from 
Milwaukee.  It  is  the  port  of  entry  for  the  district  of  Michigan,  em- 
bracing all  the  harbors  on  tlie  east  shore. 

The  revenue  collects  during  past  year  amounted  to  $13,506  05. 

Grand  Haven  has  a  light-house  with  light  of  fourth  order,a  pier-light, 
range-lights,  and  a  fog- bell.  The  improvement  of  this  harbor  is  of  great 
iuiportance,  and  the  benefits  to  commerce  and  navigation  will  be  both 
general  and  local.  It  is  the  outlet  for  the  country  bordering  on  Grand 
river  along  which  foundries,  mills,  and  factories  of  all  kinds  are  being 
built,  indicating  that  the  tra^e  is  not  only  on  the  increase,  but  is  to  be 
permanent. 

It  is  the  terminus  of  the  Detroit  and  Milwaukee  railroad,  and  the 
success  of  this  line  of  communication  between  the  east  and  west 
depends  upon  the  condition  of  the  harbor.  During  stermy  weather 
Grand  Haven  is  eagerly  sought  for  by  vessels  on  account  of  its  easy 
access  and  complete  protection.    The  plans  proposed  for  improving  this 
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harbor  were  as  follows:  To  extend  south  i^er  600  feet ;  to  build  a  uortli 
pier— giving  channel  a  width  of  200  feet;  to  dose-pile  the  bend  in  the 
river.  The  ai)propriation,  $105,000,  will  be  sufficient  to  complete  asmucli 
of  south  pier  as  it  is  thought  necessary  to  build  at  present. 

A  north  pier  is  needed  and  will  cost  $200,000.  Seventy-five  thousand 
dollars  can  be  used  during  the  coining  year.  A  breach  is  being  made 
in  old  pile-pier  near  the  shore  line.  There  will  probably  be  enough 
mouey  left  to  repair  this  after  completing  crib-work.  An  estimate  for 
cost  of  tliis  improvement  is  added. 

Pier- work  was  commenced  in  June,  1867.  During  last  season  six  cribs 
(32  feet  each)  were  placed.  This  season  two  cribs  (50  feet  each)  have 
l)een  sunk,  and  two  more  of  same  dimensions  will  be  put  in  a  few  da^s. 
The  superstructure  has  been  put  on  last  year's  <;iibs  and  looks  very  well. 
In  putting  it  on  the  cribs  were  so  irregular  it  was  necessary  to  drive  some 
piles.  The  close-piling  in  bend  of  river  was  commenced  last  July,  and 
liuished  (excei)t  part  of  filling)  iiii  November.  Nineteen  hundred  and 
fortv-three  feet  have  been  driven.  A  short  time  after  the  work  was  com- 
pleted  the  schooner  Hungarian  ran  into  it,  and  did  considerable  damage. 
It  was  repaired,  but  gave  way  again  when  used  a  few  months  since,  as  a 
receptacle  for  large  quantities  of  gypsum.  The  parties  interested  intend 
making  the  necessary  repairs.  In  filling  the  close-piling  with  slabs  a 
iwition  of  them  were  so  i)laced  that  they  will  not  settle  to  the  bottom,  no 
matter  how  much  stone  is  put  on  them.  This  allows  the  current  to  run 
through,  and  it  may  in  time  undermine  some  of  the  piles,  although  most 
of  them  are  driven  in  deep  water.  The  work  done  on  the  old  railroad 
pier  by  Captain  Heber  Sq\iier  is  as  solid  as  when  first  built.  The  fen- 
der piles,  a  part  of  the  original  plan,  liave  been  omitted  as  unnecessary. 
The  end  of  this  work,  under  the  light,  has  been  filled  in  with  slabs  and 
atones. 

In  addition  to  above  work,  269  old  piles  in  river  have  been  pulled  out 
during  the  year.  This  work  was  attended  with  some  difficulty,  as  the 
piles  were  firmly  imbedded  in  the  clay. 

There  has  been  some  difficulty  in  settling  up  with  Mr.  E.  A.  Conolly 
for  work  done  last  year.  Through  mistakes  in  measurement  he  was  over- 
imd.  When  the  mistake  was  discovered  it  was  found  to  be  a  very^diffi- 
eult  task  to  correct  it.  The  material  in  work  was  correctly  measured, 
but  more  material  had  been  delivered  and  accepted  than  had  been  used 
in  work.  Only  a  portion  of  the  material  could  be  found,  although  Mr. 
Conolly  proved  conclusively  that  he  had  delivered  the  amount  claimed. 

The  amounts  paid  for  originally  are  as  follows :  Timber,  13,519  cubic 
feet;  piles,  71,118  cubic  feet 5  stone,  701  cords;  brush,  2,263  cords;  iron, 
52,235  pounds;  framing,  15,020  lineal  feet;  piles  driven,  1,804. 

Tlie  error  in  timber  and  framing  arose  from  estimating  timber  by 
lineal  feet,  instead  of  cubic  feet.  The  amounts  for  which  Mr.  Conolly 
should  have  been  paid  are  as  follows :  Timber,  8,104  cubic  feet ;  piles, 
67,774  cubic  feet;  stone,  701  cords;  brush,  2,263  cords;  iron,  52,235 
IK)und8;  framing,  9,440  cubic  feet;  piles  driven,  1,555. 

The  differences  between  above  amounts  are  to  be  returned  by  Mr. 
C^uoUy.    They  will  be  as  follows : 

Timber,  5,415  feet,  at  24  cents  per  cubic  foot $1, 299  60 

Piles,  1,344  feet,  at  10  cent«  per  lineal  foot 134  40 

Framing,  5,580  feet,  at  9  cents  per  cubic  foot 502  20 

Driving  piles,  249  feet,  at  $1  75  each 435  75 

Total 2, 371  95 
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To  offset  this,  Mr.  Conollf  has  claims  against  the  goTemment  for 
pulling  269  piles,  at  $4  50  each,  $1,310  50 ;  repairs  on  close-piling,  $900. 
The  first  claim  is  perfectly  just  and  has  been  allowed,  leaving  a  balance 
due  from  Mr.  ConoUy  of  $1,061  45.  The  second  claim  for  the  repairs  is 
entirely  too  large,  and  cannot  be  settled  until  a  bill  is  presented  allowing 
material  used  and  labor  performed.  The  following  material  is  still 
unaecount^  for:  Piles,  23,124  lineal  feet;  iron,  11,716  iK)unds.  Of  these 
amounts,  all  that  is  left  is  4,800  feet  of  piling,  left  between  piling  and 
shore. 

The  stone  was  also  short  43  cords ;  this  amount  has  been  delivered  this 
year.  Other  small  amounts  are  unaccounted  for,  but  the  exact  number 
of  cords  cannot  be  ascertained. 

The  discovery  of  the  disappearance  of  government  material  naturally 
excited  suspicion,  and  an  investigation  into  the  case  disclosed  the  fact 
that  certain  parties  had  been  stesding  from  the  government  on  a  grand 
scale. 

During  the  past  season,  owing  to  the  number  of  harbors  under  my 
charge,  it  was  impossible  to  be  present  at  all  the  points  when  stone  and 
other  material  was  being  delivered.  I  had  no  means  of  measuring  the 
stone  accui*ately,  as  it  was  scattered  along  the  dock  in  irregular  piles^ 
and  often  unloaded  directly  into  the  cribs ;  consequently  I  was  obliged 
to  depend  upon  the  weekly  reports  of  the  foreman,  who,  being  constantly 
on  the  ground,  should  have  been  able  to  detect  any  attempt  on  the  part 
of  the  contractors  or  their  agents  to  defraud  the  United  States.  The 
reports  of  the  foremen  at  the  harbors  of  Grand  Haven  and  Muskegon 
having  given  much  trouble  last  year,  it  was  determined  at  the  ox)ening 
of  present  season  to  appoint  new  men  to  take  immediate  charge  of  these 
harbors.  Captain  John  F.  Sanders,  known  from  his  former  services  to 
be  well  fitted  for  the  position,  was  appointed  to  superintend  both  har- 
bors. When  appointed  he  was  ordered  to  examine  into  all  the  work 
done  previous  to  taking  charge.  He  discovered  the  following  facts : 
that  his  predecessors  had  taken  in  all  cases  the  bills  of  lading  as  evi- 
dences of  the  quantity  of  stone  delivered ;  that  they  had  been  deceived 
by  these  bills,  the  cargoes  for  which  they  had  receipted  being  at  times 
enough  to  sink  the  vessels  to  the  bottom  of  the  lake ;  that  captains  of  ves- 
sels had  admitted  that  they  commenced  discharging  their  cargoes  when 
they  left  Chicago,  and  when  they  reached  Grand  Haven  they  had  not  more 
than  one- third  of  their  cargo  on  board.  Captai  n  Sanders's  investigations, 
and  certain  disclosures,  brought  to  light  the  fact,  that  not  only  had  the 
government  been  defrauded  by  bills  of  lading,  but  that  property  received 
and  paid  for  had  been  used  and  sold  by  certain  parties  in  Grand  Haven 
and  Muskegon.  He  found  stone  scattered  through  Grand  Haven  similar 
to  that  furnished  for  cribs.  Inquiry  showed  that  said  stone  had  been 
sold  to  parties  by  Mr.  P.  A.  Woolly,  foreman  for  Mr.  ConoUy  on  his 
contract  work  at  Grand  Haven.  Investigation  showed  the  stone  had 
been  paid  for  by  the  United  States  and  stolen  by  Mr.  Woolly.  These 
facts  were  reported  immediately  to  the  United  States  district  attorney 
for  the  western  district  of  Michigan,  and  he  was  requested  to  examine 
into  all  the  work  on  the  east  shore,  to  unearth  all  swindling,  and  cause 
the  arrest  of  every  party  in  any  way  concerned. 

At  Grand  Haven,  Mr.  Woolly  is  the  only  man  against  whom  there  is 
any  evidence  at  present.  He  was  arrested  upon  the  charge  of  stealing 
stone,  and  subsequently  the  charge  of  stealing  iron  was  added.  The 
iron  charge  is  a  very  plain  one,  as  it  was  sold  by  him  after  pointing  it  out 
as  government  material.    Since  his  arrest  I  have  discovered  conclusive 
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exidenee  of  his  selling  government  piles ;  the  same  has  been  forwarded 
through  Captain  Sanders  to  the  district  attorney. 

When  arrested,  Mr.  Woolly  stated  that  Messrs.  Ledlie  and  Corse, 
Messrs.  Squier  and  White,  and  Mr.  Conolly  had  defrauded  the  govern- 
ment to  an  enormous  extent,  but  he  has  not  famished,  nor  have  we  been 
able  to  obtain  from  other  sources,  any  proof  that  there  is  guilt  on  the 
part  of  any  one  but  himself.    When  his  trial  takes  place,  all  the  facts 
in'  the  case  will  be  brought  to  light.    At  Muskegon^  Messrs.  Brown  & 
Co.  used  a  quantity  of  stone  and  1,100  cubic  feet  ol  timber.    Mr.  Ste- 
phanson  also  used  some  stone.    These  parties  claimed  they  had  x>ermis- 
sion  from  the  foreman  to  take  the  material,  and  Captain  Sanders  reports 
it  has  all  been  returned.    Messrs.  Jpnes  &  Co.  took  some  stone  without 
pemfission,  and,  probably,  without  the  intention  of  returning  it.    The 
district  attorney  is  acquainted  with  the  facts  in  the  case.    A  certain 
John  Gregory  was  arrested  for  stealing  stone;  he  was  brought  before  the 
United  States  court,  reprimanded,  and  discharged,  on  account  of  his 
extreme  youth,  (age  unknown.)    There  may  be  other  cases  both  at  Grand 
Haven  and  Muskegon,  but  they  are  not  yet  discovered.    Upon  the 
slightest  intimation  of  fraud  on  the  part  of  any  one  connected  with  the 
harbor  work,  the  district  attorney  has  been  notified  and  requested  to 
examine  the  case  thoroughly. 

I  am,  very  resi)ectfully,  your  obedient  servant, 

A.  MACKENZIE, 
Captain  United  States  Engineers. 
Brevet  Colonel  J.  B.  Wheeler, 

Major  of  Engineers  U.  8.  Army. 


EtUmated  cost  of  repairing  pier  between  fog-hell  and  pier-light — length  490 

feet. 

» 

50  oak  piles,  40  feet  long,  at  11  cents  per  foot $220  00 

Driving  50  piles. at  $1  50each 75  00 

Bedriving  191  piles,  at $1  50  each. 286  50 

Taking  down  2,680  running  feet  of  whaling,  at  10  cents 268  00 

Taking  down  1,338  running  feet  of  ties,  at  10  cents . 133  80 

Putting  on  980  running  feet  of  whaling,  at  12  cents 117  60 

Putting  on  1,118  running  feet  of  cross-ties,  at  12  cents. .....  134  16 

250  cords  of  stone,  at  $12 3, 000  00 

380  cords  of  slabs,  at  $1 50 570  00 

Total 4, 805  06 

Add  20  per  cent,  for  contingencies 961  01 

5, 766  07 
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Abstract  of  contract  for  improinng  liarhor  of  Chrand  Haven j  Midiigi 

ferib'Work.J 


£loDtractor. 


Nature  of  contract. 


James  H.  Ledlie 12-inch  timber,  per  lineal  foot 

Do 3-inch  phink,  per  M,  (board  measure) 

Do I  Piles,  pine,  per  lineal  foot 

Do j  Piles,  oak,  per  lineal  foot 

Do I  Stone,  per  cord  of  128  cubic  feet , 

Do I  Bru#h,  per  cord  of  128  cubic  feet    

Do Iron  bolts,  p^r  pound 

Do I  Iron  spikes,  per  pound 

Do ,  Framing,  p«r  lineal  foot  of  timber 

Do I  Driving  piles,  per  lineal  foot 


Pric 


90 
25 


16 


Abstract  of  contract  for  improving  Grand  Saven  harbor  ^  (close-piling 


Contractor. 

Nature  of  contract. 

Pri( 

R.A.ConoUv 

12-inch  timber,  ner  lineal  foot. ................ 

80 

Do 

Piles,  nine,  ner  lineal  foot. ................... 

V  ^ 

Do 

^'tone.  ner  cord  of  128  cubic  feet .... .... ...... 

18 

Do 

Brush,  ner  cord  of  128  cubic  feet 

I 

Do 

Iron  bolts  and  snikes.  ner  nound  .... ...... .... 

Do 

Drivini?  niles.  each 

1 

Do  

Framincr.  ner  cubic  foot 

Abstract  of  materials  received  and  used ^  and  labor  perform ed^  at  harbor  of  Grand  Havens  Mi 

gan^  from  June  30,  1867,  to  June  30,  ]86rj. 


Contractor. 

C 
-J. 

s 

• 

■    1 

. 

K 
V 

g 

9.30 
69,774 

• 

o 

a 

2 

CO 

• 

•s 

H 

n 

• 

a 
1 

2 

Cribti  placed. 

Janies  H.  Ledlie.. ..• 

32,682 

8,104 

11,088 

889 
701 

71 
2,263 

43,672 
52,235 

95,907 

26,987 
9,440 

10 

R.  A.  ConoUv 

] 

Total 

40, 786 

11.088 

70, 704 

1,590 

2,334 

36,427 

10 

1 

Material  used. 


Contractor. 


J.  H.  LedlifS.. 
R.  A.  ConoUy. 

Total.. 


Timber. 


27, 947 
8,104 


Piles. 

Stone. 

Brush. 

930 
46,650 

889 
701 

71 
2,263 

47,580 

1,590 

2,334 

Iroi 


36, 

48, 


84, 


Lengtli  of  i)ier  built,  292  lineal  feet;  length  of  close-piling  built,  1,1 
lineal  feet. 
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Abstract  of  amounts  paid  out  for  material  and  labor  at  harbor  of  Grand 
Haven^  Michigan,  from  June  30,  18G7,  to  June  30, 1868. 


Material. 


Timber. 
Plank.. 
Pilea.  . 
StoDe.. 
Bnuh.. 
Iron ... 


Amount  paid  to 
CoDolly. 


$1,944  96 


Amount  paid 
to  Ledlie. 


$7, 190  04 


Total. 


$9,1  :^  00 


6,977  40 

13,143  75 

3,281  35 

4,701  75 


550  80 

15,059  66 

156  20 

3, 930  48 


7,528  20 

28,203  41 

3, 437  55 

8,631  63 


Dred^ng 

Fnuning 

Driving  piles. 


849  60 
2,721  25 


2  968  57 
69  75 


3,818  17 
2,791  00 


Total 


33, 619  46  I        29, 925  50     63, 544  96 


A  18. 
MUSKEGON,  MICHIGAN. 

The  city  of  Muskegon  is  on  Muskegon  lake,  six  miles  from  the  harbor 
and  entrance  from  lake  Michigan.  It  is  in  the  collection  district  of 
Michigan,  and  the  nearest  port  of  entry  is  Grand  Haven,  13  .miles  from 
mouth  of  Muskegon  lake..  The  amount  of  revenue  collected  for  last 
fiscal  year  was  $3,242  50. 

The  nearest  light-house  is  at  mouth  of  harbor;  it  is  small,  with  light 
of  sixth  order.  The  number  of  vessels  arriving  and  departing  during 
past  year  amounted  to  4,560.  The  exports  are  almost  entirely  lumber, 
and  the  imports  general  merchandise.  Both  the  local  and  general  inter- 
ests are  benefited  by  keeping  this  harbor  in  good  condition. 

Muskegon  is  one  of  the  largest  if  not  the  largest  lumber  market 
(primary)  in  the  world.  It  possesses  the  same  advantages  as  a  harbor 
of  refuge  as  the  other  points  on  the  shore.  The  plan  for  improving  this 
harbor  was  given  in  last  year's  report,  as  follows: 

To  extend  south  pier  on  a  line  with  inner  face  of  old  slab  i)ier;  to 
build  a  north  i)ier  in  extension  of  present  north  pier  and  parallel  to 
south  pier.  700  feet  of  piering  extended  the  piers  into  17  feet  of  water, 
and  crossed  all  the  bars.  The  estimated  cost  was  $58,450.  $59,000 
was  appropriated,  and  will  be  sufficient  to  do  all  the  work  at  present 
contemplated. 

Work  wa«  commenced  in  July,  1867,  and  during  last  season  six  cribs 
were  placed  on  south  side,  and  two  on  north  side.  A  triangular  crib 
was  placed  in  angle  between  new  and  old  work,  but  the  violent  seas 
broke  it  to  pieces  last  fall;  a  part,  of  the  superstructure  on  south  side 
was  built.  The  cribs  stood  very  well  during  winter,  with  exception  of 
outer  crib  on  south  side,  the  nortliwestern  corner  of  which  settled  badly. 
The  cribs  on  north  side  settled  under  water,  but  remained  level.  This 
season  four  cribs  have  been  placed,  and  the  superstnicture  almost  com- 
pleted. The  breach  between  ohl  and  new  south  pier  has  been  closed  by 
a  pile  structure;  it  will  stand  well. 

There  is  at  present  12  feet  of  water  in  channel,  and  13  feet  on  the 
outer  bar. 

I  am,  very  respectfully,  your  obedient  servant. 

A.  MACKENZIE, 
Captain  United  States  Engineers. 

Brevet  Colonel  J.  B.  Wheelee,  U.  S.  A., 

Major  of  Engineers. 
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Ahstraet  of  cantraicts  for  improving  harbor  of  Muskegon^  Michigan. 


Contractors. 


Galen  Eastman 
Galen  Eastman 
Galen  Eastman 
Ledlie  &,  Corse 
Ledlie  Sl  Corse 
R.  Nelson  Gere 
R.  Nelson  Gere 
Heber  Sqoier.. 


Nature  of  contract. 


Twelve-inch  timber,  per  M,  (board  measnre) 
Three-inch  plank,  per  M,  (board  measure).. 

Piles,  per  lineal  foot 

Stone,  per  cord  of  128  cubic  feet 

Brush;  per  cord  of  128  cubic  feet 

Iron  bolts,  per  pound 

Iron  spikes,  per  pound « «... 

Framing,  per  lineal  feet  of  timber 


Price. 

$12  8.3 

14  00 

08 

13  88 

2  00 

04.9 

04.9 

12 

Abstract  of  material  received^  used^  and  labor  performed j  at  Muskegon,  from 

June  30, 1867,  to  June  30, 1868. 

Material  received  and  labor  performed :  Timber,  496,123 ;  stone,  1,358; 
iron,  69,161 ;  ^ming,  25,116 ;  cribs  placed,  12. 
Material'used:  Timber,  301,392;  stone,  706;  iron,  23,167. 
Length  of  pier  built:  384  lineal  feet,  (12  cribs.) 

Amounts  paid  out  for  material  and  labor. 


Material. 


Timber.. 
Piles.... 
Stone.... 
Brush . . . 

Iron 

Framing^. 


AmH.  paid. 


16,365  25 


Am*t  due. 


Total. 


16,365  25 


18, 849  04 


18,849  04 


1,135  18 
2,756  64 


$2,253  70 

257  28 


3,3^  88 
3, 013  92 


Total. 


31,617  09 


A  19. 
WHITE  RIVEE,  MICHIGAN. 

White  river,  or  White  lake,  is  25  miles  north  of  Gmnd  Haven.  It  is 
in  the  collection  district  of  Michigan,  and  the  nearest  poii)  of  entry  is  at 
Grand  Haven;  the  nearest  light-house  is  at  Muskegon,  12  miles  south. 
No  collections  were  made  up  to  April  15, 1868 :  since  that  time  a  deputy 
collector  has  been  stationed  at  Whitehall,  ana  has  collected  $136  85. 

The  number  of  vessels  arriving  and  departing  for  year  was  2,234.  The 
imports  amounted  in  value  to  $525,000;  and  the  exports  to  $1,150,000. 
The  benefits  to  commerce  and  navigation  will  be  both  general  and  local. 

The  following  is  the  plan  that  was  adopted  for  improving  this  harbor: 
To  make  a  new  cut  .from  White  lake  into  lake  Michigan,  and  by  this 
means  avoid  the  long  and  narrow  channel  connecting  the  lakes.  The 
cut  was  to  be  200  feet  wide,  and  its  sides  close-piled;  piers  were  to  be 
extended  into  lake  Michigan.  The  work  was  commenced  in  July,  1867. 
Last  season  75,000  cubic  yards  were  taken  out,  leaving  a  narrow  strip 
between  the  two  lakes.  The  communication  was  made  about  May  1, 
1868,  and  the  current  soon  washed  out  a  four  foot  channel.  Dredging  was 
stopp^  June  6, 1868,  all  the  money  that  could  be  used  for  that  purpose 
being  exhausted.    The  cut  is  almost  completed  and  close  piled.    There 
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is  nine  or  ten  feet  of  water  in  chjinnel,  between  piers,  and  a  bar  outside 
is  the  only  obstruction;  vessels  drawing  five  and  a  half  feet  of  water 
can  enter  with  ea«e.    This  is  a  greater  depth  of  water  than  they  have 
ever  had  in  the  old  channel.    The  cost  of  work^  as  shown  by  previous 
estimates,  will  be  $170,530  80.    This  amount  will  be  sufficient  to  com- 
plete work;  $75,000  will  be  required  duiing  next  fiscal  year^    Until  a 
sufficient  amount  is  appropriated  to  complete  outside  piers,  this  harbor 
will  be  of  but  little  service. 

When  they  are  built  it  will  make  one  of  the  best,  if  not  the  best  har- 
bor, on  the  shore.    To  render  efficient  and  preserve  what  has  already 
been  done,  the  work  must  be  completed  according  to  proposed  plans. 
I  am,  very  respectfully,  your  obedient  servant, 

A.  MACKENZIE, 
Captain  Engineers  U.  IS,  Army. 
Brevet  Colonel  J.  B.  Wheeler,  U.  S.  A., 

Major  of  Engineers. 


Abstract  of  contracts  for  improving  White  River  harbor,  Michigan. 


Contractors. 


Thomag  S.  White... 
Thomas  S.  White... 
Thomas  S.  White... 
Carkin  &  Kimball.. 
Ctrkin  &  Kimball . . 

R.  N.Gere 

UN.  Gere 

Carkin  &  KioibaU.. 
Carkin  &  Kimball.. 
Fox  &  Howard 


Nature  of  coutracts. 


Price. 


Twelve-inch  timber,  per  lineal  foot 

Three-inch  plank,  per  M,  (board  measure) 

Piles,  per  lineal  foot 

Stone,  per  cord  of  1*28  cubic  feet 

Bru.Hh,  per  cord  of  128  cubic  feet 

Iron  bolts,  per  pounil 

Iron  spikes,  per  pound 

Framing,  per  lineal  foot  of  timber 

Diiving  piles,  per  lineal  foot 

Dredging,  per  cubic  yard 


|]  41 

14  no 

07 
14  90 
]  42 
04.9 
04.4) 
07 
05i 
28 


Abstract  of  material  received,  used,  and  labor  performed,  at  White  river, 
Michigan,  from  June  30,  1867,  to  June  30, 1868. 

Material  received  and  labor  performed:  Timber,  lineal  feet,  15,574; 
plank,  board  measnre,  1,620;  piles,  lineal  feet,  36,690;  iron,  pounds, 
20,772;  dredging,  cubic  yards,  105,377;  framing,  lineal  feet,  4,506;  piles 
driven,  lineal  feet,  30,630. 

Material  used:    Timber,  11,068;  piles,  6,060;  iron,  11,000. 

Close  piling  built,  1,000  feet. 

Amounts  paid  for  material  and  labor. 


Material. 


Tiinber 

Plank 

Piles 

Iron 

l^redg^ng.... 

Framinp 

Driving  piles. 

Total. 


Amounts  paid. 


12, 195  93 

23  49 

2,568  30 

1,017  82 

29,505  56 

177  52 

1,072  50 


Amounts  due. 


$137  90 
612  15 


Total. 


|2, 195  93 

23  49 

2,568  30 

l,0J7  82 

29, 505  56 

315  42 

1,684  66 


37,311  17 


9  w— Part  U 
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A  20. 
PENTWATER,  MICHIGAN. 

Pentvvater,  on  the  east  shore  of  Lake  Michigan,  is  12  miles  south  of 
Pere  Marquette,  and  eight  miles  north  of  Petit  Point  au  Sable, the  most 
westerly  point  of  the  southern  peninsula  of  Michigan.  It  is  in  the  col- 
lection district  of  Michigan,  and  the  nearest  port  of  entry  is  at  Grand 
Haven.  The  nearest  light-house  is  at  Grand  Point  au  Sable,  20  miles 
north.  A  deputy  collector  ha«  been  stationed  at  this  point  since  April 
15,  1808,  and  the  amount  of  revenue  collected  since  that  time  amounts 
to  $136  85.  The  number  of  arrivals  and  departiu^es  of  vessels  for  the 
year  ending  Jidy  30,  18G8,  is  2,234.  The  exports  for  the  year,  consist- 
ing of  lumber,  shingles,  staves,  ship  timber,  fish,  &c.,  amounted  in 
value  to  about  $900,000.  The  imports  for  same  time  are  estimated  at 
$800,500  and  consisted  of  general  merchandise.  The  benefits  to  com- 
merce and  navigation  from  this  improvement  will  be  both  general  and 
local.  The  village  of  Pentwat^r  is  improving  rapidly,  and  its  shix)piDg 
interests  and  tra<ie  are  on  the  increase.  Like  Pere  Marquette,  it  is 
located  between  Grand  and  Petit  Points  au  Sable,  and  wuU  give  shelter 
to  many  vessels  when  storms  prevent  them  from  rounding  either  point. 

The  plans  for  improving  this  harbor  were  given  and  discussed  in  the 
report  of  last  year.  They  were :  to  throw  aside  the  old  slab  piers,  to 
widen  the  channel  to  150  feet,  to  close-pile  the  sides  of  cut,  to  extend 
piers  across  the  outer  bar  a  distance  of  1,280  feet,  to  dredge  the  whole 
channel  to  a  depth  of  12  feet.  The  dii^ection  of  piers  was  to  be  N.  70 
W.  (magnetic.)  This  plan  was  slightly  modified  when  work  was  com- 
menced ;  the  south  pier  was  commenced  at  end  of  old  slab  pier,  leaving 
a  strip  of  slab-work  30  feet  wide  to  be  removed.  It  was  found  imx>ossi- 
ble  to  give  the  channel  a  width  of  200  feet  without  great  expense.  The 
estimated  cost  of  w^ork  was  $327,713  40.  This  amount  is  sufficient  to 
complete  the  work  as  proposed ;  $50,000  can  be  used  during  the  next 
fiscal  year.  Work  was  commenced  the  latter  part  of  July,  18G7.  Six 
cribs  were  placed  during  last  season.  The  cribs  were  built  at  Pere  Mar- 
quette and  towed  to  Pentwater,  this  caused  great  delay,  and  the  con- 
tractors failed  to  complete  the.  amount  of  work  required  last  year.  The 
cribs  placed  were  poorly  put  in,  and  present  a  very  uneven  foundation 
for  the  superstructure ;  the  outer  crib  settled  four  feet  under  water. 
Four  cribs  have  been  put  in  this  year,  making  10  cribs  (320  feet)  in  all 
on  the  south  side.  The  foreman  reports  that  the  last  cribs  are  well 
placed  and  are  settling  evenly.  The  superstructure  has  been  commenced 
on  the  cribs  put  in  last  season,  and  improves  their  appearance.  In  addi- 
tion to  the  pier- work,  dredging  has  been  done  to  the  amount  of  15,944 
cubic  yards.  The  people  of  Pentw  ater  have  expended  sevenal  thousand 
dollars  in  filling  the  bridge  pier  on  north  side  with  slabs.  The  old  boiler 
of  propeller  Mary  Stuart  has  been  removed  from  channel.  A  brake  was 
made  in  bridge  pier  by  the  ice ;  this  has  been  repaired  by  M.  C.  Mears, 
proprietor  of  the  pier.  Mr.  F.  iiutzel,  foreman  of  works  at  Pentwater, 
Vecommends  pla^^ing  one  or  two  cribs  at  end  of  north  pier  to  protect  it 
The  permanency  of  this  work  depends,  as  at  other  points,  upon  the  time 
the  superstructure  will  last  and  the  rate  at  w hich  the  shore  line  follows 
out  the  piers. 

I  am,  very  respectfully,  your  obedient  servant, 

A.  MACKENZIE, 
Captain  United  States  Engineers. 

Colonel  J.  B.  Wheeler, 

Major  of  Engineers  U.  8.  Army. 
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Abstract  of  contract  for  improving  Pentwat^r  harbor  j  Michigan, 


CoDtractors. 

Nature  of  contract. 

Prices. 

P.  M.  Danaher 

12'inch  timber,  per  lineal  foot 

$0  J2 

Do 

3-inch  nlank.  Dcr  M.  (board  measure) 

12  00 

Do 

Piles.  Der  liucal  foot .-.. ...... 

08 

P.  D.  Van  Waamer 

Stone,  oer  cord  of  1 28  cubic  feet 1 

16  00 

Do 

Brush.  Der  cord  of  128  cubic  feet 

&  00 

B. Nelson  Gere. •.--. .... .... 

Iron  bolts,  ner  Dound ...... .-,. 

04.9 

Do 

Iron  snikes.  ner  nound 

04.9 

Hasbrouck  &  Conro .... . .... 

Framini?.  ner  lineal  foot,  (timber) 

14 

Dredcrin&r.  ner  cubic  yard 

36 

\ 

Abstract  of  material  received^  iisedj  and  labor  performed^  at  FentwateTy 
Michigan^  from  June  30,  1867,  to  June  30, 1868. 

Material  received  and  labor  performed :  Timber,  41,666 ;  plank,  7,000 ; 
stone,  967 ;  iron,  69,059 ;  dredging,  15,94:4 ;  framing,  20,470 ;  cribs 
placed,  10. 

Material  used :  Timber,  20,470 ;  stone,  550 ;  iron,  23,025. 

Length  of  pier  built,  320  lineal  feet,  (10  cribs.) 


Materials  paid  for. 

Amount  paid. 

Amount  due. 

Total. 

Timber 

$5,000  00 
84  00 

15,  AVZ  00 
1,439  13 
5, 739  84 
l.^b'i  80 

$5,000  00 

Plank 

84  00 

Stone 

15.472  00 

Iron 

$1,944  76 

3, 383  89 
5,739  84 
2.865  84 

Ihtdfirincr 

VM^lUg   ......................... 

t  ranilncr 

1,013  04 

•  lauJIUg    ......................... 

Total 

32,505  57 

A  21. 

PfeRE   MARQUETTE,  MICniGAN. 

Pere  Marquette,  or  Luddington,  as  it  is  now  called,  is  on  the  east  shore 
of  Lake  Michigan,  30  miles  south  of  Manistee.  It  is  in  the  collection 
district  of  Michigan,  and  the  nearest  port  of  entry  is  at  Grand  Haven; 
The  nearest  light-house  is  at  Grand  Point  au  Sable,  eight  miles  to  the 
north. 

The  plans  adopted  for  the  improvement  of  this  harbor  were  to  build  a 
south  pier,  commencing  at  point  20  feet  south  of  present  slab  pier,  and 
extending  into  Lake  Michigan  640  feet;  to  bnild  a  noith  pier  in  extension 
of  present  pier  450  feet  long;  to  remove  old  slab  pier  on  south  side,  and 
tocut  down  slab- work  on  north  side,  replacing  it  by  timber  8ui)erstructure. 
The  direction  of  piers  was  to  be  three  degrees  north  Of  west,  and  the 
channel  was  to  be  200  feet  wide  after  the  old  slab-work  was  removed. 

For  the  improvement  of  this  harbor  it  was  estimated  $270,082  would 
^  required.  Seventy-five  thousand  dollars  was  asked  for  last  year;  a 
portion  of  this  amount  could  now  be  used  as  the  present  appropriation ; 
Io0,000  is  almost  expended.  The  same  amount  can  be  used  diuing  the 
next  fiscal  year. 
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Work  was  commenced  last  June,  (1867.)  The  contractors  expected  to 
complete  the  entire  work  last  season,  but  failed  in  the  attempt.  Nineteen 
cribs  were  placed ;  17  on  south  side  and  two  on  the  north  side,  but  no 
superstructures  were  built.  Dredging  was  commenced  this  ye^ir,  and 
8,900  3  ards  have  been  removed.  A  crib  25  feet  square  is  almost  com- 
pleted ;  it  will  probably  be  finished  and  placed  at  end  of  present  south 
pier. 

The  work  remains  as  it  wa«  at  close  of  last  season ;  the  cribs  have 
settled  very  unevenly,  and  the  line  is  not  good.  The  three  outer  cribs 
are  some  distance  under  water,  the  last  one  being  nine  feet  below  surface. 
Three  courses  were  toni  off  these  cribs  by  a  vessel. 

The  channel  has  been  greatly  improved  by  the  work  already  done; 
there  is  now  from  8.5  to  9.5  feet  of  water.  The  benefits  to  commerce 
and  navigation  will  be  more  general  than  local  in  their  character.  Lud- 
dington  is  as  yet  but  a  small  ijlace,  with  but  little  trade.  As  a  harbor 
of  refuge  it  will  be  of  importance,  being  in  the  bay  between  Grand  and 
Petit  Points  au  Sable.  It  does  not  admit  of  permanent  completion  as 
at  other  i>oiuts;  the  plans  adopted  require  wooden  piers,  the  superstruc- 
ture of  which  must  be  replaced  every  few  years.  The  piers  will  require 
extension  in  time.  Annexed  you  will  find  abstract  of  contractors  and 
prices  paid  for  material,  and  abstract  of  materials  received  and  used. 
Unless  another  appropriation  is  made  this  harbor,  will  be  left  in  an 
unfinished  condition.  No  superstructure  can  be  built  on  the  cribs 
already  i)laced,  although  the  timber  is  on  hand  for  the  purpose. 
1  am,  very  respectfully,  your  obedient  servant, 

A.  MACKENZIE, 
Captain  Unit^  States  Engineers. 

Brevet  Colonel  J.  B.  Wheeler, 

Major  of  Engineers  U.  8.  Army, 


Abstract  of  contract  for  improving  P^re  Marquette  luirhor. 


Contractors. 

Nature  of  contract. 

Price. 

P.  M.  Danaher 

12  foot  timber,  ner  lineal  foot .... 

10  12i 

18  00 

P.  M.  Danaher 

3  foot  nlank.  oer  M.  f board  measured     ... 

P.  M.  Danaher 

Piles,  per  lineal  foot 

08 

Ledlie  &  Corse 

Stone,  ner  cord  of  128  cubic  feet ...... 

13  ds 

Ledlie  &  Corse 

Brush,  ner  cord  of  128  cubic  feet 

1  49 

R.  Nelson  Gere 

Iron  bolts,  ner  nound 

04.9 

R.  Nelson  Gere 

Iron  snikes.  ner  nound......           .  .... 

04  9 

Hasbrouck  &  Couro 

Framincr.  ner  lineal  foot  of  timber 

14 

Hasbrouck  &  Couro 

Dredirinfir.  ner  cubic  yard .........   . 

36 

Abstract  of  material  received^  usedy  and  labor  performed,  at  Pdre  Marquette, 

Michigan,  from  June  30, 1867,  to  June  30,  1868. 

Material  received  and  labor  performed :  Timber,  lineal  feet,  67,679 ; 
plank,  board  measure,  7,000;  stone,  cords,  1,483;  brush,  cords  40;  iron, 
pounds,  68,786 ;  dredging,  cubic  yards,  8,900;  framing,  lineal  feet,  52,320 ; 
cribs  placed  19. 

Material  used :  Timber,  52,320 ;  stone,  1,483 :  brush,  40 ;  iron,  68,786. 

Length  of  pier  built,  608  feet,  (19  cribs.) 
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Amounts  paid  out  for  materials  and  labor. 


Material. 

Amounts  paid. 

Amounts  due. 

Total. 

Tmber 

$2,862  12 

126  00 

20,732  34 

$8,462  12 
126  00 

Plauk 

Ssone 

20,732  34 

^9  60 

3,370  51 

Brvii 

$59  60 

lion 

3, 370  51 

2,988  00 
7, 324  80 

Drtdjring 

2.988  00 

Fnunb^ 

7,324  80 

ToUl 

43,063  37 

A  22. 


MANISTEE,  MICHIGAN. 


Manistee  is  situated  on  the  east  shore  of  Lake  Michigan,  in  latitude 
W°  20"  north.  It  is  in  the  collection  district  of  Michigan,  and  the 
ijwst  port  of  entry  is  at  Grand  Haven.  The  nearest  lighthouse  is  at 
Grand  Point  au  Sable,  18  miles  south,  and  consists  of  a  tower  100  feet 
%li,  with  lens  of  third  order,  showing  a  fixed  white  light.  It  was  lighted 
for  tlie  first  time  November  1, 1867.  A  light-house  is  to  be  built  at  Man- 
k^  u  ijoon  as  title  to  poin  t  selected  is  obtained.  The  amount  of  revenue 
filmed  for  the  ye^r  ending  June  30, 1868,  was :  Internal  revenue  $8,000 ; 
«wtoni8  $1,293  f  making  a  total  of  $9,293.  The  number  of  vessels  arriv- 
al;? anil  departing  for  the  same  time  was  2,016. 

The  imports  for  the  year  amount  to  $900,000,  and  consist  of  merchan- 
&7  agricultural  instruments,  and  machinery.    The  exports  amounted, 
«i  valae,  to  $1,320,000,  and  consisted  of  lumber,  &c.    The  beneiits  arising 
^na  the  improvement  of  this  harbor  will  be  both  general  and  local. 
A  daily  line  of  fine  propellers  run  from  Manistee  to  Milwaukee,  and 
other  steamboats  and  sailing  vessels  connect  Manistee  with  points  along 
^  shore.    These  vessels  carry  large  numbers  of  passengers  and  great 
quantities  of  freight.    All  vessels  going  or  coming  around  the  lakes  run 
D<^  to  Manistee,  and  would  at  times  find  it  a  convenient  harbor  of 
rpfage. 
The  plans  proposed  for  improving  this  harbor  are  as  follows :  To  extend 
tie  south  pier  in  its  present  direction  960  feet,  (30  cribs;)  to  commence 
aorth  pier  at  point  opposite  present  extremity  of  south  pier,  and  run  it 
to  the  12-foot  curve,  a  distance  of  960  feet,  (30  cribs;)  to  cut  oft*  the 
pwnt  inside  south  pier  and  widen  the  channel ;  to  cut  down  all  the  old 
•^b  piers  to  the  surface  of  the  water,  and  build  a  timber  superstructure. 
For  the  completion  of  the  work  it  was  estimated  $180,949  would  be 
required;  $60,000  was  appropriated,  and  $60,000  was  asked  for  in  the 
h«t  report.    This  amount  was  not  appropriated,  and  the  work  has  pro- 
gressed more  slowly  in  consequence.    The  same  amount  can  be  used 
dnring  the  next  year. 

Work  was  commenced  July  1, 1867,  but  no  cribs  were  placed  until  the 
niddle  of  August.  Fourteen  cribs  were  placed  last  year ;  10  on  north 
ade  of  channel  and  four  on  the  south  side.  Since  the  opening  of  navi- 
gation this  year  no  cribs  have  been  placed,  owing  to  the  delay  in  deliv- 
oing  timber.  The  superstructure  of  cribs  on  north  side  has  been  com- 
pleted and  the  cribs  filled  up  with  stone.    Mr.  Starke,  the  contractor  for 
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•  framing  the  work,  hiis  been  anxious  to  commence  the  work  this  year, 
and,  had  the  timber  been  delivered,  would  have  completed  as  much  of 
the  south  pier  as  it  is  contemplated  can  be  built  with  the  present  appro- 
l>riation.  Eight  cribs  can  probably  be  built  and  placed  on  south  side, 
making  this  pier  384  feet  (12  cribs)  long.  In  addition  to  pier  work, 
18,,996  cubic  yards  have  been  dredged,  removing  the  bar,  between  the 
piers  at  the  mouth,  which  was  formed  by  the  opening  left  in  north  i)ier 
last  yeiir.  There  are  still  several  bars  in  the  river,  some  distance  above 
moi\th,  that  give  the  proi^ellers  much  trouble,  and  often  detain  them  for 
hours.    The  crib  work  is  well  built;  the  cribs  are  level  and  in  line. 

A  serious  obstruction  to  the  navigation  of  Manistee  river  is  a  dock 
and  boom  for  logs ;  this  occupies  half  the  width  of  the  river  and  the 
deepest  water ;  it  shoidd  be  removed.  As  at  other  points,  this  harbor 
cannot  be  said  to  admit  of  permanent  completion.  If  the  proposed  plans 
are  carried  out  the  channel  will  be  good  for  many  years;  but  in  time  the 
piers  must  be  extended  to  cut  the  bars  that  will  form  at  the  mouth. 
Manistee  river  has  the  strongest  current,  at  certain  seasons  of  the  year, 
of  any  on  the  shore,  and  w  ill  prevent  the  formation  of  bars  for  a  long 
time.  All  the  work  to  be  done  at  this  harbor,  with  present  appropriation, 
will  be  completed  within  six  weeks. 

I  am,  very  respectfully,  your  obedient  servant, 

A.  MACKENZIE, 
Captain  United  States  Ungineers. 

Brevet  Colonel  J.  B.  Wheeler, 

Major  of  Engineers  U,  8.  Army. 


Abstract  of  contract  for  improving  Manistee  harbor. 


Contractors. 

Nature  of  contract. 

Price. 

Gellv  &  Weston 

12  foot  timber,  per  M,  (board  measure) 

:?  foot  plank  per  M,  (board  measure) 

Piles oer  lineal  foot. 

$12  90 
14  00 

Gelly  &  Weaton 

Gellv  &  Webton 

08 

Galen  Eastman -- 

Stone,  ner  cord  of  128  cubic  yards .- 

14  88 

Galen  Eastman 

Brush,  ner  cord  of  1*28  cubic  yards 

2  00 

R.  Nelson  Gere - ■ 

Iron  bolts,  oer nound 

04.9 

R.  Nelson  Gere - 

Iron  spikes,  ner  pound 

04.9 

Henry  Starke , 

Framinsr.  per  lineal  foot  of  timber 

15 

Abstract  ofmateri^il  received^  used ^  and  labor  performed  at  Manistee^  Michi- 

ganyfrom  June  30, 1807,  to  June  30, 18G8. 

Material  received  and  labor  performed :  Timber,  37,252  ;  stone,  898 ; 
ibioish,  318;  iron,  51,353;  dredging,  18,320;  framing,  25,500;  cribs 
placed,  14. 

Material  used:  Timber,  25,500;  stone,  898;  brush,  318;  iron,  33,027. 

Length  of  north  x)ier  built,  320  feet,  (10  cribs;)  length  of  south  pier 
.built,  128  feet,  (4  cribs;)  total,  448  feet,  (12  cribs.) 
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AmoxmU  paid  out  for  material  and  labor. 


Material. 

AmoaDts  paid. 

Amounts  due. 

Total. 

Timber 

|5, 766  60 

13, 362  24 

6:<6  00 

1.618  32 

6, 458  60 

3,807  45 

$5,766  60 

13.362  24 

636  00 

Stone  

Brash 

IroQ 

|H97  97 

2.516  29 

Dred^g 

6, 458  60 
3,834  00 

Fnmio? 

26  55 

^         ....X., , . .. 

Total 

1 

32,573  73 

1                            1 

AUX   BEC 


A  23. 

SCEEg, 


>ncniGAN. 


i 


Airx  Bee  Scies,  on  Frankfort  harbor,  is  on  the  east  shore  of  Lake 
Michigan,  near  the  Manitou  islands,  and  not  far  from  the  northern 
extremit}  or  foot  of  the  lake.  It  is  30  miles  north  of  Manistee,  and  226 
mile*  fit)m  Milwaukee,  Wisconsin.  It  is  in  the  collection  district  of 
Michigan,  and  the  nearest  port  of  entry  is  at  ( Jmnd  Haven;  100  miles 
«0Qth.  The  nearest  lighthouse  is  at  Pointr  Aux  Bee  Scies,  or  Point  Bet- 
^y.asit  is  known  on  the  lakes,  4A^  miles  north. 

Tlie  light  is  fixed,  varied  by  fiasues,  and  of  the order.    No  reve- 

fiae  was  coUect^l  here  during  the  past  year,  and  no  record  was  kept  of 
^eanivals  and  departures  of  vessels.  The  imports,  consisting  of  gen- 
eral merchandise,  amounted  in  value  to  $125,000,  and  the  exports,  cord 
»oo(I,  fi«h,  &c.,  to  $1,250. 

The  benefits  to  commerce  and  navigation  arising  from  the  improve- 
^^i  of  this  harbor,  will  be  general  for  some  time  to  come.  The  country 
^•k  of  Frankfort  is  goo<l,  and  is  being  settled  quite  rapidly;  but  the 
i^I  trade  at  present  amounts  to  but  little.  As  a  harbor  of  refuge  it 
*ill  be  of  importance. 

The  plans  lor  the  improvement  of  this  harbor  are  to  make  a  through 
«itfri)m  Frankfort  lake  to  Lake  Michigan;  close-pile  the  sides  of  cut, 
'Hjuiring  525  feet  of  piling,  and  build  1,504  feet  of  piering  (47  cribs) 
-I  on  the  north  side,  and  20  on  the  south  side.    The  amount  requiied 
for  the  entire  work,  as  shown  in  last  report,  was  $140,000,  requiring  an 
additional  appropriation  of  $47,859.    This  amount  w  ill  be  required  the 
pre^nt  seiisou,  if  the  work  is  completed  a<5Cordhig  to  proposed  plans. 
The  work  was  not  commenced  until  July  1,  1867,  although  the  con- 
tactors were  getting  out  material  the  jn^evious  winter  and  spring.    Up 
toclo«e  of  navigation  last  year  the  following  work  was  done:   The  cut 
k^ween  the  two  lakes  was  made,  in  doing  which  76,153  cubic  yards  were 
<b«dged;  the  close-piling  on  south  side  was  completed,  except  filling; 
ftpte  cribs  were  placed  on  south  side.    During  the  winter,  cribs  were 
hiilt  OD  the  ice.     Since  the  opening  of  navigation  nine  cribs  have  been 
itoced  on  south  side,  and  the  superstructure  of  eight  cribs  completed ; 
the  north  side  of  cut  has  beljn   close-piled,  and  44,390  cubic  yards 
(Irwlged.    The  12  cribs  placed  are  well  filled  with  stone.    It  has  been 
decided  to  extend  the  south  pier  to  12  feet  of  water  before  commencing 
north  pier.    When  this  is  done  but  little  money  will  be  left,  and  not  more 
than  two  or  three  cribs  can  be  placed  on  north  side. 

There  is  now  nine  feet  of  water  in  the  channel ;  this  will  be  reduced 
at  times  by  hard  blows  from  the  northwest,  but  the  current  will  wash 
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out  the  sand  again,  and  keep  open  at  most  times  a  good  channel.  For 
the  permanent  protection  of  the  channel  the  north  pier  is  necessary. 
The  work  is  well  done,  and  presents  the  best  appearance  of  any  on  the 
east  shore.  The  amount  of  dredging  done  greatly  exceeds  estimate. 
Owing  to  the  very  exposed  position  of  Frankfort,  before  building  the 
south  pier,  every  blow  filled  up  the  mouth  of  cut,  and  dredging  over  the 
same  ground  that  had  been  previously  dredged  was  frequently  neces- 
sary. This  was  done  to  obtain  a  channel  through  which  cribs  could  be 
floated  to  their  place.  This  harbor  admits  of  as  permanent  completion 
as  any  on  the  east  shore.  There  will  be  no  wash  of  sand  from  Frankfort 
lake,  and  all  that  gets  into  channel  must  come  from  outside.  As  at 
other  points,  the  shores  of  Lake  Michigan  will  probably  follow  out  along 
the  piers,  and  at  some  future  time  require  more  piering  to  be  built.  All 
the  work  to  be  done  at  this  harbor,  with  present  appropriation,  will  be 
completed  within  a  month. 

Messrs.  Whitwood  &  Hubbell  will  probably  wish  to  close  out  their  con- 
tract, and  move  away  all  their  dredges,  scows,  tools,  &c. 

The  work  is  left  in  good  condition,  and  will  stand  until  another  appro- 
priation is  made  and  the  work  completed. 

I  am,  very  resi)ectfully,  your  obedient  servant. 

A.  MACKENZIE, 

Captain  U,  IS.  Engineers. 

Brevet  Colonel  J.  B.  Wheeler, 

Major  of  Engineers  U.  8.  Artny. 


Abstract  of  contract  for  improving  harbor  Aux  Bee  Scies,  Michigan. 


Contractors. 


Whitwood  Sl 
Whitwood  & 
Whitwood  & 
Whitwood  & 
Whitwood  & 
Whitwood  & 
Whitwood  & 
Whitwood  & 
Whitwood  & 
Whitwood  & 
Wiiiiwood  & 
Whitwood  & 
Whitwood  & 


Hubbell. 

Hubbell , 

Hubbell 

Hubbell. 

Hubbell . 

Hubbell. 

Hubbell 

Hubbell . 

Hubbell . 

Hubbell 

Hubbell. 

Hubbell, 

Hubbell. 


Whitwood  &  Hubbell. 


Nature  of  contract. 


12-inch  timber,  per  lineal  foot ,-. 

3-inch  plank,  per  M,  (board  measure) 

Piles,  3U  feet  long,  oak,  each 

Piles,  30  feet  long,  elm,  each 

Stone,  per  cord  of  128  cubic  feet 

Hrush,  per  cord  of  128  cubic  feet 

Slabs,  per  cord  of  128  cubic  feet 

Wroug^nt-iron  bolts,  H  inch  square,  per  pound 

Wrought-iron  spikes,  per  pound 

Driving  piles,  each 

Framing  and  building  cribs,  each 

Placing,  sinking,  and  tilling  cribs,  each 

Dredging  in  common  earth,  sand,  or  soft  clay,  per 

cubic  yard 

Dredging  in  hard  clay  or  hard-pan,  per  cubic  yard. . 


Price, 


^  18 

20  00 

5  75 

2  75 

17  00 

4  50 

2  50 

06 

m 

6  00 

168  00 

30  00 

35 

70 

Abstract  of  material  received,  used,  and  labor  performed,  at  Frankfort,  from 

June  30, 1867,  to  June  30,  18G8. 

Material  received  and  labor  performed:  Timber,  t54,117;  jMles,  634; 
stone,  662;  brush,  508;  iron,  122,441;  dredging,  117,573 ;  piles  driven, 
527 ;  cribs  i>laced,  12. 

Material  used:  Timber,  28,944 ;  piles,  527;  stone,  662;  bnish,  508; 
iron,  52,600. 

Length  of  pier  built,  384  lineal  feet;  length  of  close-i^iling,  525  lineal 
feet. 
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Amounts  paid  out  for  labor  and  material. 


Material. 


Timber 

Piles 

Stone 

Bnuh 

Iron 

Dredfriogf 

DriTinfi^  piles  . 
Boiidio^  cribs 
Pltcing 


Total. 


Amount  paid. 


$9,741  06 
3. 645  50 
2,261  00 
] , 622  25 
7.346  46 

35, 508  55 

3, 162  00 

336  00 


Amount  due. 


$8,993  00 
663  75 

"5,"642"o6" 


1,680  00 
360  00 


Total. 


$9,741  06 
3, 645  50 

11,254  00 
2, 286  00 
7, 346  46 

41,150  55 


2,016  00 
360  00 


77, 809  57 


A  24.     ' 

PtRE  MARQUETTE  HARBOR, 

June  30,  1868. 

Colonel  :  In  compliance  with  your  orders  of  the  22d  ultimo,  I  have 
the  honor  to  present  you  a  report  of  the  amount  of  work  performed 
in  the  field  and  office  since  the  30th  June,  18G7,  to  June  30,  1808. 

On  the  3d  of  July,  1807,  I  received  orders  from  you  to  organize  a 
surveying  party,  and  proceeded  on  the  5th  to  Saugatuck  harbor,  situated 
at  the  mouth  of  Kalamazoo  river,  to  make  a  survey  of  that  place  with  a 
new  of  ascertaining  the  feasibility  of  improving  the  same.  This  survey 
was  completed  on  the  13th  of  July,  and  on  the  following  djiy  I  reported 
to  you  in  Milwaukee,  Wisconsin,  for  further  orders. 

The  computations  and  plotting  was  done  at  the  office  in  July,  and  the 
maps  projected  in  pencil  on  a  scale  of  1  inch  to  200  feet,  from  which  a 
tracing  wa^  made  to  accompany  your  report  of  1807. 

On  the  29th  of  July,  1807,  Assistant  W.  H.  Hearding  organized  a  party 
and  proceeded  to  Frankfort,  Michigan,  situated  at  the  mouth  of  Riviere 
aux  Bees  Scies,  for  the  purpose  of  ascertaining  the  changes  made  since 
tie  improvement  on  the  harbor  had  commenced,  and  also  ascertain 
whether  the  plans  adopted  required  any  alterations  or  not. 

Assistant  Hearding  completed  his  survey  on  the  8th  of  August,  and 
reported  to  Milwaukee  immediately. 

Assistant  Hearding,  on  his  return  to  the  office,  computed  and  plotted 
his  field  notes  on  a  scale  of  200  feet  to  1  inch  in  pencil,  and  a  tracing 
of  it  was  made  to  accompany  your  last  year's  report. 

On  the  15th  of  August  I  received  instructions  from  you  to  prepare  a 
report  and  tracings  of  la^st  year's  surveys  and  have  the  same  ready  for 
your  annual  report.  Accordingly  I  occupied  the  time  from  August  20 
to  September  10  in  making  this  report  and  preparing  the  tracings 
required,  which  were  drawn  by  the  draughtsman. 

On  the  5th  of  August  I  received  orders  from  you  to  go  to  Menomonee 
river,  Green  Bay,  to  examine  the  work  of  Mr.  J.  W.  Judson,  who  had  been 
engaged  in  making  a  survey  of  the  mouth  of  Menomonee  river  since 
May  8,  1807,  and  close  the  work  as  soon  as  possible.  Accordingly  I  left 
Milwaukee  on  the  evening  of  August  5  and  returned  to  the  office  on  the 
8th,  same  month,  having  inspected  and  closed  the  work  at  that  point. 

Assistant  W.  H.  Hearding  was  engaged  during  the  month  of  August 
in  plotting  the  work  done  by  Mr.  Judson  in  pencil,  to  enable  the  draughts- 
man to  make  a  tracing  of  it. 
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The  scale  on  which  this  map  is  drawn  is  200  feet  to  one  inch,  or  y^. 

On  the  18th  of  September,  1867,  a  surveying  party,  consisting  of  one 
assistant  in  charge,  one  rodman,  one  leadnian,  and  six  laborers,  was 
organized  for  the  purpose  of  making  a  thorough  hydrographical  and 
topographical  survey  of  Milwaukee  l)ay  and  harbor,  commencing  at  the 
North  Point  lighthouse,  three  miles  norih  of  the  entrance  to  the  harbor, 
and  extending  to  South  Point,  four  miles  south  of  the  harbor. 

A  base  line  2,945  feet  long  was  selected  and  carefully  graded.  Dupli- 
cate measurements  were  accurately  made  with  wooden  rods  provided  for 
that  purpose.  The  maximum  difference  between  these  measiu*ements 
was  If  of  one  inch. 

On  the  18th  November,  CaptJiin  D.  P.  Heap,  corps  of  engineers  United 
States  army,  made  a  reconnoissance  of  the  harbor  of  Kenosha,  Wiscon- 
sin, to  ascertain  the  depth  of  water  between  the  piers  and  outside  of 
them.  A  sketch  of  this  reconnoissance  was  drawn  in  this  office,  which 
Shows  the  changes  that  have  taken  place  since  last  surveyed,  also  the 
nature  of  the  improvement  made  during  the  season. 

Assistant  Hearding  made  a  similar  reconnoissance  on  the  2l8t  of 
November,  at  Manitowoc  harbor,  and  furnished  a  sketch  of  the  same, 
which  is  now  on  file  at  this  office. 

All  the  above-described  work  completed  the  field  operations  for  the 
season  of  18G7,  and  the  computations,  plotting,  and  drawing  of  maps  of 
these  several  surveys  occupied  the  winter  months,  which  work  was 
executed  in  the  office. 

Early  in  May,  1868,  a  reconnoissance  was  made  at  the  harbor  of  Mil- 
waukee. 

The  soundings  between  the  piers  and  on  each  side  of  them,  also 
abreast  of  them,  to  the  dei>th  of  21  feet,  were  taken  to  ascertain  the  accre- 
tions which  for  nearly  two  years  have  been  forming  abreast  of  the  light- 
house crib.  A  detailed  map  on  a  scale  of  100  feet  to  one  inch  was  also 
projected  and  drawn  in  May  last,  to  facilitate  the  improvements  at  this 
point. 

Office  icorJc. — After  completing  the  surveys  of  Saugatuck  and  Meno- 
monee.  Assistant  Hearding  and  myself  made  estimates  of  the  cost  and 
plan  of  improvement  for  each  of  the  harbors  mentioned,  also  several 
I)lans  and  estimates  for  erecting  a  breakwater  on  Raeine  reef,  the  survey 
of  which  had  been  made  in  May,  18G7.  All  these  estimates  were  given 
to  you  in  my  report  of  September  10,  1867.  The  draughtsman,  Mr.  E. 
Dumais,  was  engaged  in  June  and  July  on  projecting  the  maps  of  R^icine 
harbor  and  reef;  in  August  he  drew  the  map  of  Saugatuck  harbor,  and 
was  engaged  on  it  until  the  10th  of  September.  During  the  months  of 
October  and  November  a  map  of  Frankfort  harbor  was  drawn  on  a  scale 
of  200  feet  to  one  inch,  and  all  the  details  on  a  scale  of  100  feet  to  one 
inch.  Tracings  of  each  of  these  maps  were  also  made  fo^  office  use,  and 
the  original  put  on  file. 

The  month  of  December  was  occupied  in  making  the  computations  of 
survey  of  Milwaukee  bay  and  harbor,  and  preparing  sheets  .of  antiqua- 
rian paper  to  plot  the  same.  January,  February,  March,  and  April,  1868, 
were  devoted  to  the  finishing  of  the  following  maps:  Menomonee  river; 
White  Lake  map,  (unfinished  last  year;)  one  map  of  Milwaukee  bay, 
on  a  scale  of  400  feet  to  one  inch^  or  ^^\^;  one  map,  details  of  Milwaukee 
harbor,  scale  of  200  feet  to  one  mch,  ^^Vo  5  and  a  tracing  of  two  of  these 
maps. 

The  months  of  May  and  June  were  principally  devoted  to  making  new 
plans  of  cribs  and  tracings  of  the  same.    Four  of  these  new  plans  were 
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Hiade;  and  a  map  of  Milwaukee  harbor,  survey  of  May,  1868,  was  also 
completed. 

There  now  remains  but  two  more  tracings  to  be  made.    These  are  of 
the  two  sheets  of  Milwaukee  harbor  and  bay.    Duplicates  of  all  the 
others  have  l)eeu  made  to  refer  to,  and  thereby  preserve  the  originals. 
I  am,  colonel,  very  respectfully,  your  obedient  servant, 

WM.  T.  CASGRAIN, 
Assistant  Engineer,  and  Superintendent  of  Surveys, 

Brevet  Colonel  J.  B.  Wheeler, 

Major  Corps  of  Engineers,  Milwatikee,  Wisconsin, 


APPENDIX  B. 

iBAtioZ  report  upon  the  several  civil  works — improvement  of  hurhors  and 
rivers — under  ilie  charge  of  Brevet  Major  General  T,  J,  Cram,  colonel 
of  engineers,  for  the  fiscal  year  commencing  1st  July,  18G7,  and  ending 
^th  June,  1868. 

1. — ^I^IPROVING  ST.  MARY'S  RIVER,  MICHIGAN. 

At  the  commencement  of  this  year  there  was  available  for  this  work 
tie  sum  of  $99,995  44 ;  and  the  work  during  the  year  has  been,  under 
the  contract,  confined  to  dredging  the  middle  channel.  Lake  George,  and 
it  has  been  the  intention  to  complete  this  channel  thoroughly  to  the 
^dai-d  fixed  for  the  improvement,  before  moving  the  machinery  to 
Mother  place  in  the  river. 

From  July  1  to  November  8,  1867,  the  close  of  the  season,  one 
"Osgood"  dredge  worked  on  21  days,  and  two  worked  on  87  days,  for  a 
?reater  or  less  number  of  hours  in  the  day,  which,  according  to  my  rule 
k  keeping  the  dredging  time,  consists  of  24  hours.  To  simplify  the 
lesnlts,  I  reduce  the  total  time  for  which  the  dredges  actually  worked 
to  the  number  of  hours  one  dredge  would  have  worked  continually  to 
produce  the  same  result  that  both  did,  and  find  the  equivalent  total 
Bomber  of  hours'  work  for  the  one  dredge  to  have  been  2,408J  hours, 
and  the  amount  dredged,  towed  away,  and  dumped,  for  the  same  time, 
109J34  cubic  yanLs  soft  clay,  highly  favorable  for  dredging. 

The  operations  recommenced  12th  May,  1868,  with  one  dredge,  and 
ftmtinued  with  that  until  17th  of  June,  when  another  was  added  to  the 
force. 

To  30th  of  June,  the  end  of  the  fiscal  year,  the  results  have  been 
Hnced  as  above  to  the  equivalent  performance  of  one  dredge,  as  fol- 
lows: total  number  of  hours,  555^,  and  the  amount  of  the  same  kind  of 
Soft  clay  dredged,  towed  away,  and  dumped,  for  the  same  time,  28,691 
cnbic  yards. 
1  now  aggregate  for  the  whole  fiscal  year,  embracing  all  the  days, 
except  Sundays,  on  w^hich  it  was  practicable  to  work,  and  find  the  num- 
ber of  hours  during  which  the  work  was  being  done  3,024,  and  the 
amount  removed  from  the  channel  138,415  cubic  yards.    The  measure- 
Bentii  were  all  made  in  the  dumping  scow;  I  could  get  no  bids  to  meas- 
ure otherwise,  and  the  contract  had  to  be  made  with  this  mode  of  meas- 
nrement. 

From  the  above  figures  we  deduce  the  performance  of  the  dredge  to 
kave  beeu  45.78  cubic  yards  per  hour. 
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The  amonnt  expended  during  the  fiscal  year  for  work  and  contin- 
gencies to  30th  June,  18G8,  is  $07,942  87,  distributed  as  follows : 

To  the  contractor,  including  the  10  per  centum  retained 
nntil  completion  of  his  contra<jt,  (this  includes  payment 

for  80  cubic  yards  dredging  in  June,  1867) $66,  HI  60 

To  inspectors  of  dredging,  for  sei'vices 807  00 

For  mileage  of  ofBcers  to  inspect 133  00 

Incidental  expenses  laying  out  work 44  29 

Purchase  of  boat  for  inspector's  use 50  00 

For  the  proportional  part  of  office  expenses  chargeable  to 

this  work. 430  98 


Total 67, 942  87 


All  contingencies,  including  inspector's  services,  it  will  be  seen  from 
the  above  are  $1,465  27.  The  contingencies  therefore  are  only  2^  per 
cent,  of  the  whole  expenditure. 

The  money  available  at  the  close  of  the  year  is  $32,052  57. 

From  the  report  of  my  assistant.  Captain  G.  J.  Lydecker,  corps  of 
engineers,  of  the  result  of  his  recent  inspection,  there  will  be  at  least 
80,000  cubic  yards  yet  to  be  dredged  before  we  shall  have  this  channel 
completed.  This,  added  to  what  has  already  been  dredged  under  this 
contract,  will  swell  to  complete  it  to  the  probable  amount  of  218,526 
cubic  yards,  which  shows  an  excess  of  51,252  cubic  yards  above  what  I 
estimated  in  my  first  report  upon  this  channel,  August  23, 1866.  Whence 
this  excess  I  That  estimate  of  mine  was  made  upon  a  survey  made  in 
1864.  In  that  first  report  it  will  be  seen  that  I  concluded,  from  the  com- 
parison therein  drawn,  that  the  unfinished  channel  left  by  Captain 
Whipple,  corps  of  topographical  engineers,  in  1859,  was  filling  up.  This 
excess  is  partly  due  to  this  filling,  since  1864,  and  partly  to  the  mode  of 
surveying  the  channel  in  1864,  which  mode,  however  minute,  was  illy 
adapted  to  the  problem  of  precise  calculation  of  the  amount  to  be 
dredged.  Surveys  for  this  purpose  must  be  miide  in  a  more  particular 
manner,  or  they  are  not  worth  much  for  the  engineer  of  construction. 

The  money  that  we  have  available  from  the  existing  appropriations, 
1st  of  July,  will  not  complete  this  Lake  George  middle  channel  by  about 
$15,000.  I  trust  this  at  least  may  be  appropriated  the  present  session  of 
Congress,  if  no  more,  for  St.  Mary's  river. 

The  amount  requisite  to  be  appropriated  hereafter  to  complete  all  the 
improvements  contemplated  in  this  river  is  $398,983.  This  does  not 
include  anything  for  improving  St.  Mary's  canal. 

I  think  after  all  the  improvements,  exclusive  of  the  canal,  shall  be 
made,  the  annual  amount  thereafter  required  to  keep  the  improvements 
in  order  will  probably  be  $10,000. 

2. — Improving  mouth  of  au  sable  biver,  Michigan. 

The  first  appropriation  of  $50,000  was  made  for  this  March  2,  1867. 
Of  this  there  was  available  at  the  commencement  of  the  present  fiscal 
year  the  whole  $50,000.  Owing  to  contention  among  bidders,  arising 
from  different  constructions  of  the  law  in  its  specifications  for  the  assign- 
ment of  contracts,  this  was  not  put  under  contract,  or  rather  the  con- 
tracts were  not  approved  until  16th  December,  1867.  Hence  nothing 
in  the  shape  of  active  work  for  the  piers,  except  to  make  preparations 
for  delivering  materials,  could  be  done,  until  the  opening  of  the  working 
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gea^n  in  1868.  From  that  opening  up  to  the  30th  June,  1868,  activity 
has  prevailed  at  the  site,  as  for  exami)le^ 

We  had  to  make  a  complete  re-survey  with  soundings  referred  to  the 
lowest  stage  of  water,  and  to  establish  the  bench-mark  for  that  stage, 
io  order  to  locate  the  piers  and  find  how  deep  dredging  would  have  to  be 
done. 

A  considerable  amount  of  materials  were  delivered  in  May  and  June, 
bot  no  cribs  sunk  in  place  up  to  the  close  of  this  fiscal  year.  Total 
amonnt  expended  during  this  fiscal  year,  $4,497  62,  as  follows: 

To  contractors  for  materials  delivered $3, 622  68 

To  inspectors  for  services,  extra  tax 127  67 

Forsuney 238  17 

Advertising 22  80 

For  proportional  amount  office  expenses  chargeable  in  turn 
tothis  work. 486  30 

Total 4, 497  62 


Leaving  available  after  30th  June,  1868,  with  which  to  prosecute  the 
work,  the  sum  of  $45,502  38. 

Besides  this,  the  amount  rexjuired  to  complete  the  work  and  yet  to  be 
appropriated  is  $20,000. 

This  ought  to  be  furnished  so  as  to  be  made  available  the  present 
Beaaon,  to  perfectly  secure  the  work  we  shall,  1  trust,  have  done  before 
tbe  close  of  navigation  of  1868,  and  during  the  winter,  before  the  spring 
frwihets  and  storms  of  1869  shall  disturb  the  work. 

This  will  always  be  an  expensive  harbor  to  keep  open,  owing  to  the 
enormous  quantity  of  sand  coming  down  the  river  and  floating  lake- 
ihorewise. 

The  annual  expenditure  to  keep  it  in  order  will  not  be  less  than  $6,000. 

3. — Improving  mouth  of  saginaw  river,  Michigan. 

For  this  the  amount  available  at  the  commencement  of  this  fiscal  year 
tag  195,077  35. 

The  channel,  195  feet  in  width  and  12  feet  deep,  is  being  cut  by  dredg- 
ing through  the  hardest  material  I  have  ever  known  excavated  without 
blasting.  The  dredging  was  by  one  dredge  working  alone  duing  July ; 
and  for  tbe  remainder  of  the  working  season,  which  continued  until  30th 
November,  two  were  at  work. 

From  Ist  July  to  30th  November  there  were  excavated,  towed  away, 
and  damped,  of  this  very  hard  material,  54,312  cubic  yards,  and  the  time 
of  working  was  1,481J  hours. 

The  dredging  was  recommenced  7th  April^  1868,  with  one  dredge,  and 
to  30th  June  the  amount  excavated  by  this  lone  machine  was  25,492 
cubic  yards,  and  the  time  of  working  534J  hours.  Aggregating  for  both 
jeasons,  we  find  the  amount  of  dredging  for  the  fiscal  year  to  have  been 
'9,804  cubic  yards,  and  the  time  2,016  hours. 

The  average  work  of  the  dredge  per  hour,  therefore,  was  39^  cubic 
yards  during  the  year  for  the  actual  time  the  machine  worked.  The 
amomit  exi>ended  during  this  year  is  $66,928  06,  as  follows: 

For  work  done  in  June,  1867,  not  paid  for  until  present 

ftscal  year $2,  706  78 

To  the  contractor. 63, 045  16 

To  inspector  for  services 702  00 
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Mileage  to  officers  to  iuspect $41  80 

For  obtainiug  commercial  statistics  and  low-water  stage  for 

a  bench-mark. ? 65  50 

For  office  expenses  chargeable  in  turn  to  this  work 366  82 

Total 66, 928  06 


It  will  be  perceived  that  all  contingencies,  besides  paying  the  con- 
tractor, amount  to  only  IJ  per  cent,  of  the  whole  expenditure  for  the 
year. 

The  amount  available  to  prosecute  the  work  from  1st  July,  1868,  is 
$28,149  29. 

In  our  new  channel  there  have  been  discovered  recently  a  large  boul- 
der rock  and  an  old  vessel  hulk,  which  must  be  removed  the  present  work- 
ing season,  and,  if  weineet  with  no  further  obstacles,  it  is  our  intention  to 
have  this  channel  completed  by  1st  September,  1868.  And  to  make  cer- 
tain of  it,  I  ask  for  $15,000  more  to  be  assigned  to  this  work  out  of  the 
general  ai)propriation,  to  meet  the  contingency  of  these  unexpected 
obstructions. 

Besides  this  $15,000,  no  additional  appropriation  will  be  necessary  to 
complete  this  improvement  to  the  standard  of  195  feet  width  and  12  feet 
depth. 

The  commerce  is  very  large  here  and  increasing;  as  a  measure  of  the 
advantage  of  this  new  straight  ship  channel  through  the  outer  bar, 
it  may  be  remarked  in  this  place  that  the  expense  of  lighterage  has 
been  estimated  by  our  reliable  shippers  at  not  less  than  $1,000  a  day 
during  the  whole  season  of  navigation. 

From  September  1st  to  10th  December,  1808,  there  will  be  71  days, 
and  if  we  can  have  the  work  completed  so  as  to  allow  the  vessels  to 
l)ass  through  by  the  first  date,  commerce  will  be  relieved  the  present 
season  of  this  tax  for  lighterage  by  at  least  $71,000,  and  the  following 
season  by  $244,000,  and  so  on. 

From  our  observations  during  the  proccvss  of  opening  this  cut,  no  evi- 
dences have  arisen  to  indicate  that  it  will  till  up;  on  the  contrarj^, 
the  evidence  is  that  it  will  by  the  outflow  of  the  river  be  kept  clear. 
Still,  not  being  positively  certain  of  this,  I  put  down  the  probable  esti- 
mate of  annual  expenditure,  to  keep  it  in  order,  say  to  the  amount  of 
$2,000. 

4. — LnIPROVEMENT   OF  ST.   CLAIR  FLATS,  ]SnCHIGAN. 

Congress,  by  its  act  approved  March  2,  1867,  decided  the  plan  of 
improvement  to  be  by  a  new  straight  ship  Ccanal  through  the  shoal. 

Owing  to  a  delay  in  awarding  the  contracts,  arising  from  differences 
of  construction  of  the  law,  the  contracts  were  not  approved  until  about 
the  20th  August,  1867.  Fi^om  that  time,  during  the  remainder  of  the 
fiscal  year  to  30th  June,  1868,  the  work  has  been  in  active  progress. 
The  contractor  worked  two  dredges  from  10th  September  to  close  of 
the  working  season,  November  16,  1867,  delivered  considerable  material 
for  the  revetment  of  the  banks,  and  during  the  winter  constructed  ade- 
quate machinery  to  a  scale  commensurate  with  the  magnitude  of  the 
work,  and  recommenced  operations  of  dredging  with  three  excavators 
and  one  crane  dumper,  pile-drivers,  &c.,  and  up  to  30th  June,  1868,  an 
extensive  amount  of  work  has  been  well  done. 

At  the  beginning  of  the  fiscal  year,  July  1,  1867,  there  was  available 
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work  $229, 970  32,  and  during  the  fiscal  year  there  has  been 
ed  for  work  and  materials  and  contingencies  to  30th  June,  1868, 
3  08,  as  follows : 

tractors $13, 286  28 

ector  for  services 588  57 

•vey  for  location  of  canal   and  range   signals  and 

lishing  range  signals 965  33 

ising 107  25 

d  purchase  of  Ijoat  for  inspector 117  00 

xpenses  chargeable  to  this  work 478  65 

:otal '. 15, 543  08 


?  will  be  available  1st  July,  1868,  of  the  appropriations  of  23d  June, 
id  2d  March,  1867,  for  the  future  progress  of  the  work,  the  sum 
.427  24. 

^ork  has  gone  on  admirably  since  we  got  fairly  started.  It  was 
ixatious,  and  expensive  process  to  lay  out  the  work  and  establish 
establish  the  range  signals,  the  whole  field  of  the  triangulation 
ting  the  canal  being  a  sheet  of  water  without  any  footing  of  dry 

8t  accurate  system  of  sounding  is  kept  up,  always  in  advance  of 
struction,  in  six  lines  parallel  to  the  axis  of  the  canal,  at  distances 
1  the  lines  of  only  10  feet.  The  soundings  are  taken,  not  with  a 
d  Une,  but  with  a  graduated  rod.  Among  his  other  duties  the 
or,  with  a  laborer  as  his  only  assistant,  takes  these  soundings, 
ire  returned  to  the  office  in  sections  of  every  600  feet  of  the  canal 
,  and  reduced  to  the  plane  of  reference  and  plotted.  From  these 
?  comiuite  the  amount  of  dredging  measured  in  the  natural  bed, 
'f  the  contractor  accordingly. 

Iredge  cut^  a  trench  in  the  under- water  ground  to  ease  the  driving 
ales,  and  it  is  found  for  this  purpose,  for  driving  the  sheet  piles, 
have  to  cut  to  a  depth,  of  10  feet  below  the  surface  of  the  water, 
construction  of  the  revetments  of  the  dikes  is  always  kept  in 
i  of  the  dredging  for  the  canal  waterway. 

rane  dumper  receives  the  earth  from  the  dippers  of  the  dredges 
its  long  arm  swings  its  earth  holder  over  the  rev^etment  work, 
holder  is  emptied  into  the  canal  banks,  of  course  all  the  machinery 
orked  by  steam  power. 

*  progress  of  construction  the  labor  of  dredging  for  the  waterway 
instruction  of  the  revetments  or  dikes,  and  of  the  banks,  is  so 
that  all  parts  are  to  be  completed  as  we  advance  by  pushing  end- 
t  canal  into  the  St.  Clair  lake,  as  it  were,  having  begun  at  the 
d. 

not  think  it  ad\isable  to  dredge  a  channel  through  first  and  make 
ks  afterwards,  fearing  that  the  current  might  carry  earth  through 
t  to  form  a  bar  where  the  canal  is  to  terminate  in  th^  lake, 
tar  the  physical  character  of  the  material  we  are  raising  frotn 
is  highly  favorable  for  the  success  of  the  plan  of  improvement, 
^s  of  the  cuts,  almost  vertical,  made  by  the  dredges  last  season, 
he  present  time,  have  shown  no  signs  of  caving  in  or  being 
I  by  the  current;  the  material  is  easy  for  dredging;  the  bottom 
lent  for  the  driving  and  holding  the  piles,  and  it  packs  well  and 
on  being  put  into  the  banks;  the  double  row  of  heavy  piles  set 
jT  that  the  pressure  of  the  earth  embankments  for  the  canal  banks 
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as  yet  does  not  incline  or  lean  the  dikes  sufficiently  to  do  the  slightest 
harm.  It  is  probable,  however,  that  in  some  places  we  may  have  to  pro- 
tect the  outer  slope  at  the  foot  of  the  canal  banks  from  the  effects  of  th^ 
small  waves  that  will  rise  in  a  severe  blow  in  the  lake ;  the  extent  ot 
this  protection  will  be  determined  as  the  work  progresses. 

This  contingency  is  set  forth  in  my  revised  report  of  10th  December, 
1866,  for  which,  however,  no  estimate  could  then  be  made. 

Creosoting  tlie  timber  for  tJie  dikes. — On  6th  April  last  I  presented  an 
estimate  of  the  cost,  and  recommended  this  method  for  preserving  the 
wood  above  water  from  decay.  The  recommendation  was  approved  by 
the  Chief  of  Engineers,  and  the  honorable  Secretary  of  War,  Mr.  Stan- 
ton, presented  the  approval  to  Congress  for  an  appropriation  for  this 
purpose,  amounting  to  $27,300.  It  is  shown  that  by  this  outlay  the 
saving  for  every  period  of  seven  years,  by  preventing  decay,  would  be 
$28,513.  We  have  facts  to  prove  that  after  21  years  the  timber 
would  be  as  sound  as  ever  if  well  creosoted  when  i)ut  in ;  and  Mr.  Bru- 
nell,  in  1850,  expressed  his  opinion  that  after  40  years  the  timber  would 
be  found  {is  sound  as  ever.  I  think  it  my  duty  to  again  recommend  an 
application  of  this  process  to  as  much  of  the  timber  as  may  remain  to  be 
put  in,  with  a  riew  of  diminishing  to  the  lowest  figure  the  cost  of  so 
much  of  periodical  repairs,  after  the  work  is  constructed,  as  would  be 
consequent  upon  the  natural  decay  of  timber. 

The  additional  amount,  besides  that  available  1st  of  July,  1868, 
required  to  complete  the  work  without  creosoting,  and  with- 
out the  contingent  item  of  protecting  the  foot  of  the  outer 

slope  of  the  bank,  is $200, 000 

Creosoting  the  remainder  of  the  timber  to  be  put  in 25, 000 

Contingent  item  for  protection  to  foot  of  outer  slope  of  bank.       20, 000 

Total 245,000 


With  this  sum  appropriated  this  year,  we  can  have  the  canal  completed 
before  navigation  opens  in  1870;  because,  if  we  are  sure  of  the  means, 
we  can  double  or  triple  the  present  force. 

Observe,  as  $86,000  has  been  assigned  to  this  work  out  of  the  general 
appropriation  passed  the  present  session,  it  will  only  require  $159,000 
hereafter  to  be  appropriated  to  complete  this  canal. 

I  take  occfision  here,  also,  to  remark  that  the  aboV'^e  estimate  is  (as  I 
said  in  my  first  report  15th  August,  1866)  based  for  the  amount  of  the 
dredging  upon  Captain — now  Major  General — Meade's  survey  of  1856. 
Whether  the  amount  will  turn  out  to  be  more  or  less  will  be  decided  as 
soon  as  I  can  carry  the  soundings  through  the  site  upon  the  manner  I 
am  now  having  them  made,  and  as  explained  on  page  143  of  this  report. 
Before  another  annual  report  will  be  due,  indeed  before  Congress  will 
act  upon  this  estimate,  I  shall  be  able  to  present  any  modification  to  this 
estimate  which  may  be  due  to  the  difference  that  may  be  discovered 
between  these  soundings  and  those  of  1856. 

Cost  of  future  repairs^  and  preservation. — Without  creosoting  the  tim- 
ber, it  will  probably  require  an  average  annual  expenditure  of  $5,000; 
but,  if  we  creosote  the  timber  on  putting  it  in,  I  estimate  $1,500  a«  suffi- 
cient for  the  annual  average  repairs. 

5. — ^Monroe  harbor,  Michigan. 

This  purely  artificial  harbor  is  connected  with  the  river  Kaisin,  mem- 
orable by  its  military  association,  by  a  beautiful  ship-canal,  having  piers 
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e  lake  constructed  by  the  United  States.  The  month  of  the  canal, 
its  piers,  forms  the  harbor  of  Monroe,  and  thron^h  this  channel, 
li  is  nearly  one  mile  long  and  100  feet  wide,  a  large  portion  of  the 
inflows  into  the  lake;  the  harbor  is  abont  one  and  a  half  mile  to 
aorthward  of  the  old  natural  mouth  of  the  riv^er.  The  town  of 
roe  is  situated  four  and  a  half  miles  above  the  harbor,  at  the  site 
le  old  village  of  "  Frenchtown,"  the  scene  of  the  ''battle  and  ma^s- 
'  of  the  river  Raisin,"  in  the  war  of  1812. 

te  piers  were  in  a  very  dilapidated  condition  w^heu  I  made  examiua 
of  them,  iu  January',  1866. 

I  July  Ist,  1867,  we  had  $24,255  21  available  for  further  repairs, 
iringthis  fiscal  year  much  work  has  been  done,  the  old  parts  of  the 
(completely  repaired  with  new^  timber,  filled  with  stones,  and  planked 

e  300  feet  extent  interior  to  the  inner  extremity  of  the  north  pier, 
e  the  lake  had  breached  into  the  canal,  wjishiag  sand  iu  at  every 
lea^t  blow,  to  be  carried  out  by  the  current  to  enlarge  the  outer 
ha^  beeo  filled  with  a  very  substantial  pile  pier- work,  sheet-piled 
sides,  and  filled  with  bundles  of  brush  and  stone. 
:ewise,  on  thfe  interior  parts  of  south  pier,  next  to  the  canal,  a  sim- 
fork,  found  necessary  there  to  the  extent  of  250  feet,  ha«  been  con- 
lied  dining  this  fiscal  year,  and  all  the  contracts  have  been  closed 
he  retaine<l  per  cent,  paid  over  to  the  contractor, 
"ing  the  spring  of  1868  I  had  a  complete  survey  with  soundings 
on  the  outer  bar  by  the  inspector;  this  survey  shows  a  suJticient 
of  water  over  the  bar  at  present  for  the  wants  of  the  commerce  of 
e,  which  is  comparatively  small,  since  the  terminus  of  the  Michi- 
)athem  railroad  was  moved  from  this  harbor  to  Detroit, 
lid  the  lake,  on  the  north  side  of  the  north  pier,  show  signs  of 
ling  to  brea<*h  through  the  beach  and  bank  of  the  canal  still  fur- 
I  the  west  than  our  new  part  extends,  I  propose  to  stop  it  next 
by  constructing  a  wing  breakwater,  to  throw  the  current  of  this 
fin  an  opposite  direction.  The  coming  fall  and  succeeding  spring 
rill  show  whether  this  a<lditional  work  will  be  necessary, 
amount  exi)en^ed  during  this  fiscal  year  was  $13,665,  as  follows: 

tractors  for  materials  and  work $12,428  91 

lectors  for  services 592  67 

»  of  surveying 141  70 

jsirig -...:... 1  40 

r  boat  for  inspector 20  50 

tion  of  office  expense  chargeable  to  this  work. ... 479  82 

Total 13,665  00 


ingencie^  for  the  year,  including  inspector's  services,  nine  per 

f  the  whole  expenditure. 

lie  end  of  this  fiscal  year  we  have  left  of  the  appropriation  of  23d 

.866,  the  sum  of  $10,590  21.    Nothing  will  be  required  to  be  ai)pro- 

l  during  this  Congress  for  this  work ;  we  shall  have  ample  means 

>le  to  construct  the  wing  above  referred  to,  and  to  keep  the  work 

d  repair  for  some  years  to  come. 

probable  estimate  of  the  annual  expense  of  keeping  this  harbor 

air  I  put  down  at  $1,700. 

10  w—Part  U 
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6. — Harbor  at  toledo,  ohio. 

The  operations  for  the  improvement  of  thia  have  consisted  entirely 
in  dredging  the  old  channel  to  make  it  wider  and  deeper,  in  the  Man- 
mee  bay,  which  is  strictly  the  outejr  liarbor  of  the  important  commercial 
city  of  Toledo. 

The  amonnt  available  on  the  1st  Jnly,  1867,  from  the  appropriation  of 
23d  June,.  1866,  and  2d  March,  1867,  was  $35,435  38. 

During  this  fiscal  year,  by  one  dredge  working  from  1st  Jnly  to 
November  30, 1867,  (when  the  season  for  work  closed,)  there  had  been 
dredged,  towed  awjiy,  and  dumped,  28,335  cubic  yards,  and  the  time  of 
actual  working  was  854  hours.  The  work  recommenced  March  30, 1868, 
with  tho  same  dredge,  and  from  that  time  to  30th  June,  1868,  (the  end 
of  the  fiscal  year,)  there  had  been  dredged,  towed  away,  and  dumped, 
18,4^8  (fubic  yards,  and  the  time  of  actual  working  wns  363  hours. 

In  the  whole  year  46,833  cubic  yards,  and  time  1,217  working  hours; 
hence  the  performance  of  this  dredge  averaged  38^'^  cubic  yards  per 
hour  for  the  actual  time  the  dredge  worked  during  this  fiscal  year.    Tlie 
total  amount  expended  in  this  year  was  $22,420  37. 
To  contractor  for  work  done,  June,  1867,  not  paid  for  till  this 

.fiscalyear commenced $2,248  00 

To  contractor  for  work  done  the  present  fiscal  year 18,733  20 

For  inspector's  services 038  52 

For  buoj'8  to  mark  line  of  dredging 20  00 

For  i)roportional  part  of  office  expenses 480  65 

Total 22,420  37 


The  contingent  expenses,  including  inspector's  services  for  the  year, 
have  been  6J  per  cent,  of  the  whole  expenditure. 

To  continue  operations  from  1st  July,  1868,  we  have  available 
$13,015  01. 

Tlie  annual  expense  of  keeping  this  elbow  channel  open  canuot  be 
less  than  $5,000. 

I  do  not  think  it  advisable  to  ask  for  another  appropriation  to  be 
expended  in  dredging  the  present  channel. 

In  my  annual  report  of  last  year,  I  advocated  a  different  improvement 
for  this  important  harbor,  involving  an  exi>enditure  of  $469,664,  for 
nniking  a  straight  ship  canal  in  prolongation  of  the  lower  reach  of  the 
Maumee  river,  through  the  shoal  bay  directly  into  the  deep  water  of  the 
lake,  four  miles  long,  200  feet  wide,  with  banks  fiv^e  feet  high  above 
water,  and  sides  of  the  banks  to  be  reveted  where  needed.  I  again 
recommend  such  a  canal,  believing  that  the  commercial  importance  of 
Toledo  at  the  present  time,  and  the  wants  for  refuge  of  the  general  com- 
merce, justify  the  immediate  commencement  of  such  a  work  at  the  mouth 
of  the  Maumee  river,  which,  besides  its  present  commercial  importance 
ill  being  adapted  for  a  good  harbor  for  general  commerce,  would  have  a 
military  importance  in  the  event  of  war  again  with  the  British.  The 
ri^er  has  deep  water  from  the  bay  six  miles  up  to  the  city  of  Toledo, 
and  thence  up  to  the  foot  of  the  nipids,  nine  miles,  it  is  navigable  for 
light-draught  vessels. 

Importance  of  Toledo  in  reference  to  military  means. — ^Without  intend- 
ing to  overrate  or  draw  invidious  comparisons,  I  may  in  this  connection 
properly  notice  brieflj'  some  of  the  circumstances  which,  in  the  event  of 
war  with  Great  Britain,  may  justly  be  regarded  as  having  an  important 
influence  in  carrying  on  the  military  service. 
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AS  a  lake  shipping  port  has  converging  to  its  harbor  six  exten- 
ay  lines,  viz:  from  Detroit,  (55  miles;  from  Cleveland,  112 
m  Cincinnati,  202  miles;  from  Chicago,  (via  Michigan  South, 
miles;  from  Elkhart,  Indiana,  (via  air  line,)  124  miles;  and 
x>nis,  459  miles — total,  1,205  miles.  It  is  also  in  connection 
with  Evansville,  Indiana,  on  the  Ohio  river,  by  a  canal  4G0 
%  and  south  with  Cincinnati  by  one  247  miles  long — making 
lal  navigation  of  707  miles  in  extent.  Where  is  there  another 
nt  of  connected  canal  navigation  f 

anected  by  rail  and  canal  with  Michigan,  Missouri,  Indiana, 
id  Ohio,  it  is  not  surprising  that  this  lake  shipping  port  is  in 
»  next  to  Chicago  in  the  receipt  and  shijjment  of  breadstulis, 
or  in  this  to  any  other  point  on  the  lakes.  The  giniin  trade, 
8  but  one  of  many  others  that  make  up  the  amount  of  com- 
'oledo,  and  which  are  more  or  less  to  be  regarded  as  a  power- 
in  militaiy  operations,  whenever  found  at  centers  from  which 
m  be  conveniently  transported  to  the  armj'.  In  my  opinion, 
it  to  be  an  "examination  and  survey^  made  immediately,  to 
to  estimate  the  cost  of  this  proposed  improvement  by  a  canal. 

7. — I>rPROVEMENT  OF  SANDUSKY  RIVER,   OHIO. 

rations  for  this  consist  in  dredging  to  obtain  wider  and  deeper 
through  several  shoal  places.    At  the  commencement  of  this 

we  had  available  for  this  work  $19,992  40. 
*t   July  to  close  of  dredging  season,  December  7,  by  one 
rking,  there  had  been  raised,  towed  away,  and  dumped,  20,716 
is,  and  the  working  hours  were  394.    The  dredge  recommenced 

10,  1808,  and  from  that  to  30th  June  the  amount  of  work  was, 
A^hitaker  bar,  20,981  cubic  yards,  and  time  521  hours.  Dur- 
hole  year  the  performance  of  this  dredge  was  41,097  cubic 
1  the  working  hours  915.  The  performance  of  the  dredge 
45^  cubic  yards  per  hour  for  ever}'  hour  it  worked.  This 
of  the  Otis  patent,  single  engine,  about  15  horse-power, 
mnt  exi>ended  during  this  fiscal  year  is  $11,059  79,  as  follows : 

jtors $11,258  19 

ors  for  services 375  00 

r  engineer  officer  to  inspect 18  05 

ig 8  55 

al ll,<><>9  79 


encies  for  the  year,  including  inspector^s  services,  about  3J 
>f  the  total  expenditure. 

ount  available  on  1st  July,  1868,  for  further  operations,  was 

This  will  be  enough  to  bring  the  bars  of  the  river  to  a 

improvement  as  regaj'ds  width  of  channel  very  much  to  the 

the  navigation  now  conneeted  with  this  river;  but  it  will  fall 

I  short  of  accomplishing  the  total  amount  of  dredging  that 
itemplation.    To  complete  the  whole  work  planned  from  the 

II  require  an  additional  appropriation  of  $;34,9G7.  I  am  of  the 
lat,  when  improved  to  this  extent,  the  force  of  the  flow  of  this 
keep  the  channels  clear  through  all  the  bars — the  outer  bar  at 
jf  Sandusky  river  inclusive — from  the  city  of  Fremont,  at  the 
tivigation,  into  the  lakes. 
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If  we  stop  dredging  when  the  present  available  means  are  exhausted, 
the  annual  cost  of  preserving  what  we  shall  have  done  with  these  means 
will  probably  be  $2,000. 

8. — Improving  harbor  at  sandusky  city. 

This  harbor  is  well  known  as  being  in  Sandusky  bay,  into  which  the 
Sandusky  river,  treated  in  the  previous  chapter,  empties  itself. 

The  operations  for  the  improvement  of  this  harbor  under  the  appro- 
priation 23d  June,  1866,  have  been  confined  to  dredging  the  channel 
through  the  outer  bar,  at  the  outlet  of  the  bay  proper  into  the  lake, 
with  a  view  of  attaining  a  total  channel  width  of  400  feet,  and  depth  of 
12  feet  below  lowest  stage  of  water.  The  bar  is  in  a  very  exposed 
place  for  dredging. 

The  amount  available  for  the  improvement,  1st  July,  1867,  was 
$38,577  90.  Since  mj^  last  annual  report  to  the  close  of  this  fiscal 
year,  ending  30th  June,  1868,  working  with  one  dredge,  sand  was  exca- 
vated, towed  awaj',  and  dumped,  amounting  to  17,632  cubic  yards,  the 
w^orking  time  being  597  hours. 

Observe  :  1,599  cubic  yards  of  this  was  dredged  latter  part  of  June, 
1867,  and  not  returned  in  time  for  my  last  annual  report ;  it  is  brought 
into  the  present  report. 

It  will  be  seen  that  the  average  performance  of  this  di^edge  has  been 
about  29J  cubic  yards  per  hour. 

The  total  expended  for  the  above  has  been  $14,244  14,  as  follows : 

To  contractors $13, 224  00 

To  inspectors  for  services 345  00 

For  locating  channel  to  be  dredged 60  99 

Mileage  to  officer  inspecting 68  40 

Proportional  office  expenses  625  75 

Total. 14, 224  14 


The  contingent  expenses,  including  inspector's  services,  have  been 
about  7  per  cent,  on  the  total  expenditure. 

To  continne  operations  from  1st  July,  1868,  we  have  available 
$24,353  76 ;  with  what  may  be  necessary  of  this,  it  is  in  contemplation 
to  continue  the  dredging  of  the  outer  bar  to  the  extent  required,  to 
render  this  harbor  easy  of  access  in  all  times  of  weather. 

I  do  not  deem  it  necessary  to  ask  for  an  additional  appropriation  at 
I>resent  for  this  work. 

The  annual  expense  of  keeping  this  channel  open  and  free  from  sand 
deposits  will  be  about  $2,500. 

9.— Improving  harbor  at  huron,  ohio. 

Under  the  appropriation  of  act  23d  June,  1866,  this  harbor  has  been 
repaired  to  a  considerable  extent.  The  repairs  cx)nsisted  in  rebuilding 
the  dilapidated  portions  of  the  old  piers  standing  above  water,  and  by 
sinking  new  cribs,  to  rest  on  the  foundations  of  those  that  had  been 
swept  away,  to  various  depths  below  the  water  surface,  and  raising  the 
piers  with  new  superstructure  to  about  five  feet  above  water,and  filling 
the  piers  with  stone,  and  planking  over  all. 

The  amount  available  on  1st  July,  1867,  was  $28,040  27.    During  the 
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fear  ending  30th  June,  1868,  there  has  been  expended  on  this 
>14,265  96,  as  follows: 

[tractors $13, 314  52 

spector's  services 432-  00 

ijjector's  traveling  expenses 52  35 

»g 10  20 

e  to  officer  inspecting 43  32 

tion  of  office  expenses  chargeable  to  this  work 413  57 

Total 14, 265  96 


contingent  expenses,  including  services  of  inspector,  have  been 
cent,  on  the  whole  amount  expended. 

uut  available  1st  July,  1868,  for  further  repairs  and  preservation, 
1  31. 

conti-act«  for  all  the  materials  and  work  on  this  harbor  were 
in  October,  1867,  at  which  time  the  old  j)ier8  had,  as  far  as 
ir>',  been  repaired.  Afterwards,  and  during  the  winter  and  spring 
of  1868,  a  snuiU  breach  in  the  old  under-water  work  of  one  pier, 
breach  in  the  old  superstructure  of  the  other  pier,  occurred,  and 
ions  were  left  showing  that  it  would  be  necessary  to  protect  the 
ke  extremity  of  the  new  east  i)ier,  which  seemed  to  have  been 
tuit  undermined.  The  work  for  repairs  and  preservation  for  these 
B  more  than  covered  by  the  available  means  belonging  to  the 
and  these  repairs  and  presentations  should  be  accomplished 
the  close  of  the  working  season  of  1868. 

not  think  it  necessar}'  to  call  for  an  additional  appropriation  for 
)rk  for  some  yeai*s  to  come. 

average  annual  expense  of  keeping  this  hjirbor  in  repair  will 
A\  be  about  $2,000. 

amount  available  will  not  oidy  suffice  to  make  the  repairs  men- 
but  will  be  sufficient  for  some  years  to  come  to  make  annual 

10. — Improving  harbor  at  vermillion,  ohio. 

opei-ations  on  this  harbor  have  consisted  in  rei)airing  the  old 
n  places  where  they  were  dilapidated,  above  water  and  under . 
and  building  them  up  to  five  feet  above  water,  filling  with  stone, 
finking  over  all. 

St  of  July,  1867,  the  amount  available  under  the  specific  appro- 

n  of  23<1  June,  1866,  wa«  $3,328  59,  which  amount  was  expended 

thus  fiscal  year,  and  the  contracts  under  that  appropriation  were 

des  this  amount,  there  has  also  been  expended  in  the  repairs  and 
ration  of  this  work,  under  the  general  apjuopriation  of  1864,  the 
'  $5,758  97,  making  the  total  exi)enditure  during  the  fiscal  year 
56,  as  follows : 

tractors $8,998  39 

I>ector 8  70 

f  boat  an<l  crew 2  50 

expenses  77  97 

Total 9,087  56 
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Contingencies  all  told  amounted  to  less  than  one  per  cent,  of  the  whole 
ex]>enditure. 

There  is  nothing  available,  1st  July,  1868,  for  further  repairs,  unless 
an  allotment  be  made  from  the  general  appropriation  of  1864. 

Until  further  damage  or  deterioration  shall  show  a  necessity  for  it,  I  do 
not  propose  to  expend  any  more  on  this  work,  it  having  been  rendered 
as  good  a  harbor  as  necessary  for  the  small  commerce  of  the  place. 

Hereafter  the  average  annual  sum  required  to  keep  this  harbor  in 
repair  will  be  about  $2,000. 

11. — IXPROVmG  HARBOR  AT  BLACK  RIVER,   OHIO. 

At  the  commencement  of  this  fiscal  year  there  was  available  for  this 
work  the  whole  of  the  approiiriation  of  23d  June,  1866,  amounting  to 
$10,000.  Nothing  has  been  done  on  the  harbor  during  the  fiscal  year, 
inasmuch  iis  there  did  not  appejir  to  be  anything  needed  for  the  repairs 
and  preservation,  and  the  harbor  being  regarded  in  as  good  (condition  as 
required  by  the  commerce  of  the  place.  But  before  the  lapse  of  many 
months  there  will,  undoubtedly,  be  dilapidation  of  the  old  parts  of  the 
west  pier,  requiring  repairs.  The  annual  average  expense  of  keeping  the 
work  in  repair' will  be  about  $1,500. 

The  present  available  sum  applied  to  these  repairs,  as  the  necessity 
for  them  will  arise,  will  keep  the  harbor  in  good  condition  for  several 
years  to  come,  and  no  additional  appropriation  will  be  nect^ssary. 

12. — Examinations  and  surveys  northwestern  lakes. 

1.  Buffalo  harbor. — Under  this  appropriation  special  examinations  and 
surveys  had  to  be  made  a.s  a  preliminary  necessity  to  enable  us  to  plan, 
estimate  the  cost  of,  and  locate,  the  improvements  of  this  important 
harbor,  to  be  executed  under  the  acts  of  Congress  of  June  23,  1866, 
and  March  2, 1867,  making  appropriation  for  its  improvement. 

I  placed  the  execution  of  these  preliminary  examinations  and  surveys 
under  the  immediate  direction  of  my  then  assistant.  Brevet  Lieutenant 
Colonel  F.  Harwood,  captjiin  of  engineers,  to  be  assisted  by  Walter  Gris- 
wold,  civil  engineer,  whom  I  had  appointed  inspector  of  the  improve- 
ments to  be  made  in  the  harbor. 

The  field-work  was  commenced  just  about  the  beginning  of  the  fiscal 
year,  well  performed  and  completed,  as  also  the  drawings,  in  the  month 
of  December,  1867,  and  gave  all  the  desired  data  for  the  objects  in  view. 

The  total  cost  of  this  examination  and  survey,  including  inspector's 
services,  was  $2,403  39. 

2.  Dunkirk  Imrhor. — Under  the  same  .appropriation  it  also  became 
necessary  to  make  an  examination  of  this  harbor  to  enable  me  to  plan, 
estimate  the  cost,  and  locate  the  improvements  of  this  harbor,  to  be  made 
under  the  act  of  March  2,  1867.  These  preliminary  examinations  cost 
but  little,  amounting  to  only  $12  60. 

3.  Survey  of  Port.  Clinton  Jmrhor,  Ohio. — This  survey  was  ordered  in 
virtue  of  special  provision  in  the  act  of  Congress  approved  March  2, 1867, 
making  appropriations  for  examinations  and  surveys. 

The  survey  was  commenced  in  October,  under  the  immediate  direction, 
in  the  field,  of  Henry  G.  Kothwell,  civil  engineer,  whom  1  appointed  to 
assist  me  in  this  operation.  The  survey  wa«  well  executed,  mapped, 
and  my'i)lans,  estimate  of  the  cost,  and  location  indicated  for  the 
improvement,  and  report  rendered  13th  December,  1867.  The  tot>alcost 
of  the  survey  and  office-work  was  only  $234  30.  Aggregate  cost  of  1, 
2,  and  3,  $2,740  29. 
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conclusion,  I  have  only  to  add  that  I  have  confided  the  immediate 
ition  in  the  field,  of  the  operations  going  on  for  the  improvements 
ed  in  this  report,  to  my  assistant,  Captain  G.  J.  Lydecker,  corps  of 
lers,  who,  besides  other  engineer  duties  in  connection  with  Fort 
e,  has  rendered  efficient  services  in  all  required  of  that  highly 
2fent,  reliable  engineer  officer. 

ve  the  honor  to  be,  very-  respectfully,  your  obedient  servant, 

T.  J.  CRAM, 
Col.  Corps  of  Engineers  J  Brevet  Major  General  U.  S.  A . 

ret  Major  General  A.  A.  Humphreys, 

Brigadier  General,  Chief  of  Engineers  U.  S.  A. 

dered  from  United  States  engineer  office,  Detroit,  August  26, 1868. 


Summarg  staieMeni  of  atnomnts— -fiscal  ytar  July  1,  1867,  to  June  30,  1868. 


a  a 


work  repaired,  improved,  or 
inr«yed  for  improviug. 


I  hT«r,  Miehigan 

rirer,  (tnoatli, )  Michigan 

iver,  (moath,)  MichigaD 

laU.  If iehitfiw 

u1>or,  Micbfgan 

trbor,  Ohio 

nver,  Ohio 

City  harbor,  Ohio 

rhor,  Ohio 

a  h&rbor,  Ohio 

"er  harbor.  Ohio 

and  tarreys  north we«t  lakes. 


o  2— < 

Q 

at® 
g-o  a 

< 


«^  a 
•o  J-  a 

a,  t-  s 

ill! 


"3  Oil: 

c  V  s  a. 

at,      g. 
2  «  =  * 


$5,756  97 


$67,943  87 
4,  497  62 
66.9*28  06 
15.  543  08 
13,665  00 
33.430  37 
11.659  79 
14.3-24  14 
14,265  96 
3, 328  59 


2,740  29 


*|39e.983  00 

20.000  00 

15,0(10  00 

159,000  00 

t469,664  00 
34,  %7  00 

s 


?■!  a  w 
•*«     9 

a  o  »  « 

a  A  c<a 


$75,000  00 

50,000  00 

10,000  00 

300,000  00 

3,000  00 

100.000  00 

30.000  00 

15,000  00 

3,000  00 


b  ^  a 

*S    r-.  S 

6£§ 


$10. 000  00 
6.0C0  00 
2.000  00 
:  1,500  00 
1,700  00 
5,000  00 
2,  (1(0  OO 
2, 500  00 
2,000  00 
2,0<)0  00 
1,500  00 


toes  not  indade  improving  the  St.  Mary'M  canal. 

nppoaeM  a  straight  ship  eaoal  through  the  tihoal  of  tho  Manmee  bay. 

appot««  the  timber  to  be  "creonoied;"  if  not,  $5,000  will  be  required  per  annum. 

additional  aggregate  appropriation  required  to  complete  all  the 
works  to  the  standard  of  improvement  required  is  only  $1,097,014, 
le  annual  expense  of  afterwards  keeping  them  in  repair  and  pre- 
g  them  for  the  future  commerce  is  only  $36,200. 
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Abslrant  extmylifyinif  the  commerce  to  which  each  work  contributes^  Sfc,  for  the  fiscal  jfe^^ 

ending  June  30,  ]8()8. 


Name  of  woric. 


St.  Mary'tf  river,  Michi- 
gan. 

Au  Sable  river,  month 
of.  Michigan. 

Saginaw  river, mouth  of, 
Michigan. 

6i.  Clair  fiatg,  Michigan  . 


Monroe  harbor,  Michi- 
gan. 

Toledo  harbor,  Maumec 
bav,  Ohio. 

Sanduflky  river,  Ohio  . . . 

Sandusky  City  harbor, 

Ohio. 
Huron  harbor,  Ohio 


Vermillion  harbor 

Black  River  harbor^Ohio. 


g  3  e 

-s  -I 

B  g  a  • 
2: 


2.258 

2,530 

All  commerce 
pHHHing  be- 
tween upper 
and  lower 
lakei. 

167 

5.050 

141 

2,801 

Not    obtain- 
able. 

80 

150 


♦-  «M     flj 

o  c  «* 


836,135 
90,897 
528.238 
Immense  . 


20,040 

1, 152, 307 

17,055 

436,957 

Not     ob- 
tainable. 
8,000 

12,000 


Colleetion  dlittrict 
in  which  the 
work  in. 


Mackinaw,  Mich 
Port  Huron,  Mich. 
Port  Huron,  Mich. 
Port  Huron.  Mich. 

Detroit,  Mich 

Miami,  Ohio 

Sandusky,  Ohio  . 
Sandusky,  Ohio  . 
Sandusky,  Ohio  . 
Sandusky.  Ohio  . 
Cuyahoga,  Ohio  . 


Near  what  fort, 
light-houtte,  or 
port  of  entry, 
the  work  is. 


River  light.  Saqlt 

Ste.  Mary. 
Tawas  Point,  nine 

miles. 
Light-house,     Bay 

City. 
Light-bouse       and 

range  light. 


Pier  light-house 

Turtle  Island  light. 

Cedar  Point  and 
Marblehead  lights. 

Cedar  Point  and 
Marblehead  lights. 

Pier  liglst 


Pier  light. 
Pier  Ught. 


B  - 

i8E.a 
< 


$2.409  71 


1,931  9 


16, 361  43 


2,606  00 

Nothing  of  con- 
sequence. 

Nothing  of  COB- 
sequence. 
350  00 


The  above  is  as  true  an  exhibit  a^  I  have  been  able  to  obtain. 

T.  J.  CRAM, 
Colonel  of  Engineers,  Brevet  Major  OeneraL 


Abstract  of  contracts  and  names  of  contractors  for  each  class  of  material  and  work^  for  each 

work,  for  the  fiscal  year  ending  June  'SO,  18G8. 


Name  of  work. 


St.  Mary's  river,  Michi- 
gan. 

Au  Sable  river,  mouth 
of,  Michigan. 

Sagiuaw  river.mouth  of, 
Michigan. 

St.  Clair  flats,  Michigan. 


Monroe    harbor,   Michi- 
gan. 


Toledo  harbor,  Maumee 

bay,  Ohio. 
Sanduiiky  river,  Ohio  . . . 
SuuduKkV  (;ity   harbor, 

Ohio. 
Huron  harbor,  Ohio..... 


Vermillion  harbor,  Ohio. 


Blnck     River     harbor, 
Ohio. 


Name  of  contractor. 


John  Brown  &  Co. 
Carkin  A,  Kimball 
John  Brown  &  Co 


What  the  contractor  contracts  for. 


Dredging. 

Fumishhig  all  classes  of  material,  and  to  do  all  classes  of 

work. 
Dredging. 


John  Brown Famishing  all  the  wood  materials  and  doing  all  clasaes  of 

work. 
Moses  Hill 1  Fnruii*hing  all  iron  materials. 


J.  M.  Sicrllng 


William  C.  Colburn... 

W.  H.  Mott 

Thomas  Dunbar  &.  Co. 


Thomas  Dunbar  &  Co . .    Dredging. 
Thomas  Dunbar  &. Co.. I  Dredging. 


Fnmishiug  timber,  lumber,   stone,  brush,  spikes,  drift- 
bolt  iron. 
Furnishing  nut  and  screw  iron  bolts. 
Doing  all  classes  of  work. 
Dredging. 


F.  D.  Ketchum 

Brooks  Si,  Adams 

James  Loveday 

W.  H.  Mott 

Staudart  Sc  Richardson 

F.  D.  Ketchum 

James  Loveday 

William  Nichols 

M.  Z.  Lampman 


Fumiiihing  timber,  lumber,  stone,  spikes. 
Furnishing  timber  and  Ijimber. 
Furnishing  drift-bolt  iron. 
Doing  all  classes  of  work. 
Furnishing  timber  and  lumber. 
Furnishing  stone  and  spikes. 
Furnishing  drift-bolt  iron. 
Doing  all  classes  of  worlc 

Fumi-hing  all  materials  and  doing  all  work,  under  ap- 
propriation of  18t>4,  not  requiring  advertising. 


This  is  a  correct  abstract. 


T.  J.  CRAM, 
Colonel  of  Engineers,  Brevet  Major  GeneraL 
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Bl. 
SURVEY  OF  PORT  CLINTON  HARBOR,   OHIO. 

R^rt  of  Brevet  Major  General  T,  J,  Cranij  colonel  of  enftineerSj  on  the 
tnrtey  of  the  harbor  of  Port  Clintonj  OhiOj  withviap^  to  accompany  letter 
of  the  Chief  of  Engineers  to  the  Secretary  of  Warj  of  the  27th  January^ 

im. 

United  States  Engineer  Office, 

Detroit,  Michigan,  December  13,  1867. 

SiB:  I  herewith  forward  my  report,  containing  map  of  the  survey 
which  has  been  made,  plan  and  estimate  of  cost  of  constructing  a  harbor 
at  Port  Clinton,  Ohio,  anticipating  my  promise  of  furnishing  all  required 
on  the  subject  by  Christmas. 

Resi>ectfully,  your  obedient  servant, 

T.  J.  CRAM, 
Colonel  of  Engineers,  Brevet  Major  General. 

Brevet  Major  General  A.  A.  Hitmphreys, 

Brigadier  General,  Chief  of  Engitieers  U.  S,  A. 


Report  of  survey,  with  map,  plans,  and  estimate  of  cost  of  construction,  of  a 
harbor  at  Port  Clinton,  Ohio,  by  T,  J,  Cram,  coliynel  of  corps  of  engineerSj 
hreret  major  general^  December  13,  1867. 

l-gexeral  considerations  bearing  upon  the  question  of  con- 
structing a  harbor  at  this  place. 

The  survey  shows  that  a  harbor  can  be  made  here  at  considerable  cost. 
It«a  town  of  some  600  inhabitants,  situated  at  the  mouth  of  Portage  river, 
emptying  into  Lake  Erie,  in  Ottawa  county.  For  miles  above  there  are 
fxtiinsive  tracts  of  superior  hard- wood  timber,  bordering  upon  the  stream, 
from  which  come  manufactured  oak  timber,  and  lumber,  staves,  ax- 
hapdles, wheel-hubs, spokes,  &c.,  to  be  shipped;  and  considerable  quan- 
tities of  fish  are  also  shipped,  which  are  caught  in  the  bay  formed  by  a 
long  peninsula  on  the  east,  call  Catawba  island.  There  are  seven  steam 
mills,  a  stave  and  shingle  factory,  and  the  river  passes  through  a  farming 
^fetrict  rapidly  impro\ing.  The  value  of  the  oak  and  other  timber  adja- 
^ni  to  the  river  is  great,  and  would  be  vastly  greater  were  the  obstruc- 
tion at  the  mouth  removed. 

From  13th  April  to  6th  December,-  (the  season  of  navigation,)  1867, 
tliere  were,  notwithstanding  tlie  obstructions,  departures  of  vessels  to 
unmber  of  510,  of  tonnage  28,035,  engaged  in  the  trade,  of  which  the 
value  of  the  cargoes  of  timber,  wood,  staves,  handles,  hubs,  spokes, 
tc.,  ghipi>ed,  amounted  to  $1,082,399.  Most  of  the  timber  comes  down 
from  Hartford  or  Oak  harbor,  12  miles  by  land  and  14  miles  by  water, 
J^bove  Port  Clinton.  The  river  is  navigable  for  vessels  drawing  10  feet 
to  about  two  milea  above  Oak  harbor,  or  16  miles  from  its  mouth.  With 
the  exception  of  one  place,  where  there  is  a  bar  1^  mile  above  the  mouth, 
tliis  interior  bar  and  the  lake  bar  at  the  mouth  cause   much  inconven- 

• 

ience.  On  this  interior  bar,  at  ordinary  low  stages,  there  is  found  from 
^oar  to  six  feet  of  water  in  the  channel ;  at  the  lowest  stage,  only  four 
feet. 

There  is  considerable  fluctuation  in  the  stage  of  water  at  the  mouth ; 
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since  commencing  the  survey  it  has  been  unusually  low,  continuing  ao 
for  several  days  during  the  survey,  owing  to  the  northwest  and  westerly 
gales.  In  this  blow  the  water  fell  2.15  feet  below  the  stage  which  was 
established  in  the  survey  as  the  ordinary  low  stage  to  which  the  sound- 
ings are  referred.  During  heavy  northeast  winds  the  water  from  the 
lake  forces  back  the  river  water  with  a  considerable  current  up  stream. 
The  ordinary  outflowing  current  of  the  river  is  two  miles  per  hour;  but 
after  piling  up  for  some  time  the  return  outflow  is  from  fiv^e  to  six  miles 
per  hour.  These  are  circumstances  favoring  the  continuance  of  a  chan- 
nel, when  once  well  constructed  and  sides  protected,  through  the  lake 
deposit  at  the  mouth. 

The  heaviest  seas  come  from  the  north  and  northeast.  The  north- 
west gales  cause  but  little  sea  at  this  place.  The  head  of  the  bay  into 
which  the 'river  discharges  is  very  shoal  for  a  distance,  in  the  shortest 
direction,  of  1,800  feet,  from  10  feet  water  inside  across  the  lake  bar,  or 
deposit  of  10  feet  water  in  the  lake,  carrying  over  the  bar  at  its  summit 
only  2^  feet  at  ordinary  low  stages.  Following  the  present  vessel  track, 
from  10  feet  water  inside  t-o  10  feet  lake  water  over  the  bar,  and  along 
which  vessels  now  struggle  in  entering  and  departing,  the  distance  is 
4,500  feet  and  of  bad  direction,  parallel  to  the  shore,  which  is  gradually 
working  in  upon  this  long  channel,  which  at  ordinary  low  stage  has 
only  six  feet  at  the  shoalest  place.  The  bottom  is  found  to  be  sand  over- 
laying clay,  the  sand  stratum  being  five  feet  at  thickest  place;  outside 
there  is  clay  holding  ground.  These  circumstances  are  favorable  for 
using  piles  in  construction  for  dredging,  to  make  a  contemplated  new 
and  more  direct  channel,  and  preserving  it  after  construction. 

A  10  feet  harbor  would  be  ample  for  all  the  commerce,  present  and 
prospective,  of  this  place.  This  site  is  not  adapted  for  refhge,  nor  does 
the  general  lake  commerce  require  this  for  a  harbor  of  refuge.  The  only 
considerations  favoring  the  expenditure  of  money  here  for  bettering  the 
condition  are  those  of  a  local  character,  and  which  have  been  fairly 
stated. 

U. — PLAN  OF  CONSTRUCTION. 

In  my  judgment,  the  best  the  case  admits  is  to  make  a  new  channel  in 
the  shortest  direction,  seen  bounded  by  the  red  lines  on  the  map,  turn- 
ing the  outflow  in  a  gentle  curve,  allowing  vessels  to  easily  ent^r  and 
depart.  The  new  channel  to  be  200  feet  wide  in  the  clear,  and  to  be 
dredged  to  a  depth  of  10  feet  below  ordinary  low  stage.  The  sides  of 
the  new  channel  to  be  prote<;ted  by  revetments,  consisting  of  large  piles 
driven  in  a  row,  (on  either  side,)  at  distances  apart  of  6^  feet  fix)m  cen- 
ter to  center ;  these  piles  to  be  connected  with  a  water-sill  and  binder, 
just  below  ordinarj^  low-water  stage,  by  nut  and  screw  and  washer-bolts, 
reaching  through  sill,  pile,  and  binder;  a  stringer  to  be  spiked  on  the 
outer  side  of  piles  of  same  thickness  as  binder,  and  to  be  Ave  feet  below 
the  surfaoe  of  the  wat«r ;  behind  the  binder  and  stringer  sheet-piles  4 
by  12  are  to  be  driven  close  to  each  other  and  spiked  to  the  binder ;  the 
top  of  the  sheet-piles  to  be  capped,  as  also  the  tops  of  the  heavy  round 
piles;  these  cappings  to  run  longitudinally  with  the  canal,  and  the  cap- 
pings  are  connected  by  transverse  pieces  at  every  round  pile.  The  tot^ 
length  of  both  sidesof  the  canal  to  be  thus  revetted  is5.300feet,orone  mile 
and  20  feet.  The  cross  section  of  the  revetment  is  sliown  in  figure  1  on 
the  map.  The  earth,  sand,  and  clay  to  be  dredged  out  to  form  the  chan- 
nel to  be  thrown  out  and  emptied,  as  much  as  can  be,  directly  from  the 
"dipper"  behind  the  revetment.    Next  to  the  ends  of  the  revetment,  as 
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we  go  ont,  we  commence  and  carry  ont  the  construction  by  two  parallel 

piers  12  feet  thick,  and  to  rise  four  feet  above  water  5  these  to  be  cou- 

rtrneted  on  my  plan  of  "  close  pile  piers,''  to  be  filled  with  brush  in 

5findles  up  to  the  surface  of  the  water,  with  a  four-feet  depth  of  rubble 

stone  on  top  of  the  brush.    The  8ui>er8tiiicture  to  be  of  12  inches  squ  re- 

»wed  oak,  drift-bolted  side  timbers,  and  cross  tied  with  8  by  10  sawed 

oak,  and  joists  to  be  2  by  12,  i;:ained  into  upper  tier  of  ties,  and  planked  over 

with  two-inch  stuft'  and  firmly  sjnked.    The  length  of  the  west  pier  would 

bed5<l,  and  that  of  the  ea8t  450  feet;  the  earth  which  is  to  be  dredged 

from  between  these  piers  to  be  dumi)ed  at  a  suitable  place. 

The  cross  section  of  the  contemplated  structure  for  the  piers  is  shown 
in  figure  2  on  the  map.  It  will  be  seen  on  the  map  that,  with  this  loca- 
tion, the  present  light-house  and  a  range  light,  say  on  the  revetment  at 
L,  would  guide  vessels  in  safety,  and  that  they  coiild  enter  the  new  chan- 
nel under  the  strong^t  and  prevailing  winds.  For  the  puri)ose  of  guid- 
ing vessels  into  the  river  through  the  present  vessel  track  the  light-house 
i»  of  very  little  or  no  use,  although  it  is  kept  up,  and  of  permanent  stone 
stnicture,  with  keeper's  house  also  of  stone. 

in. — ESTIMATE  OF  THE  COST  OF  CONSTRUCTION. 

I.  3,050  cubic  yards  dredging,  interior  bar,  at  30  cents . . .        $910  80 
IL  13,2:^  cubic  vards  dredging,  to  place  revetment  and 

piers,  at  30  cents 3, 969  90 

UL  97,612  cubic  vards  dredging  from  between  revetments 

and  piers,  at  30  cents 29, 283  60 

Total  cost  of  material  for  revetment  and  piers  at  present 

prices  of  timber,  lumber,  piles,  and  iron 20,  796  84 

IV.  Total  cost  of  labor  (other  than  dredging  to  place  them) 

for  constructing  the  revetment  and  i)ier8,  including  the 

filling  of  the  piers,  at  present  prices  for  such  work . .     25, 983  57 
V.  Contingencies,  at  10  per  cent 8, 095  07 

Total  cost,  (approximate) 89, 045  78 


For  a  less  sum  than  this  I  do  not  think  a  good  harbor,  adequate  to  the 
^\  business  of  that  river,  can  be  constructed  that  would  have  any 
P^nnaiiency. 

In  conehision,  I  have  to  report  that  I  have  been  ably  assisted  by  Henry 
G.  Kotliwell,  civil  engineer,  assistant  in  the  field  and  ottice  labor  of  this 
sirvey. 

I  have  the  honor  to  be,  very  respectfully,  your  obedient  servant, 

T.  J.  CKAM, 
Colonel  of  EnffineerSj  Brevet  Major  General. 

Brevet  Major  General  A.  A.  Humphreys, 

Brig.  Gen.,  Chief  0/  Engineers  U.  IS.  A.,  Washington^  D.  C. 


APPENDIX  C. 

^port  of  operations  in  the  improvement  of  Cleveland  Jutrborj  OhiOj  for  the 

year  ending  June  30, 1868. 

"Hiift  improvement  was  under  charge  of  Brevet  Major  Genend  Cram, 
Lionel  of  engineers,  until  the  28th  of  May,  1868,  when  it  was  placed 
^der  charge  of  3Iajor  Walter  McFarland,  of  the  same  cori)8. 
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« 

The  reports  of  operations  transfen^ed  to  me  by  General  Cram  show  that, 
up  to  the  28th  of  May,  608  piles  in  the  extension  of  the  west  pier  had 
been  driven,  5,(MK)  lineal  feet  of  squared  timber,  and  388  cords  of  rubble 
stone  put  in  position.  Since  then,  and  up  to  the  30th  of  June,  218  piles 
have  been  driv^en,  extending  the  under-wat^r  work  of  this  pier  to  within 
50  feet  of  its  proi>osed  terminus. 

This  is  the  only  harbor  committed  to  my  charge  in  which  the  pile  pier 
recommended  by  General  Cram  has  been  authorized.  Though  this 
method  of  construction  seems  to  be  somewhat  chea[)er  than  the  crib  con- 
stru(^tion  elsewhere  employed,  there  are  several  objections  to  be  oflered 
to  it. 

In  the  first  place,  whatever  care  may  be  exercised  in  the  driving  of 
the  piles,  it  is  generally  impossible  to  bring  them  close  together,  and 
oi)enings,  sometimes  very  large,  are  necessarily  left  between  them. 

In  the  second  place,  the  permanence  of  the  whole  construction  depends 
upon  the  endurance  of  the  ties  which  bind  the  two  sides  of  the  pier 
together,  and  which,  being  placed  with  their  lower  sides  at  the  water 
level,  are  most  subject  to  the  process  of  rot.  The  connection  between 
the  ties  and  the  sides  of  the  pile  pier  being  once  destroyed,  the  tendency 
of  the  rubble-stone  filling,  with  its  superincumbent  mass,  will  be  to  press 
the  sides  of  the  pile  pier  outward  and  to  allow  the  superstructure  to 
settle  between. 

To  obviate  this  difficulty  as  much  as  possible,  I  have  had  iron  tie-rods 
inserted  underneath  the  wooden  ties,  and  as  the  rate  of  the  rusting'  of 
iron  in  these  cool  fresh  waters  seems  to  be  very  slow,  the  sides  of  the 
l)iering  will  probably  hold  together  long  after  the  wooden  ties  have  lost 
their  i)ower  through  rotting. 

Whatever  economy  there  may  seem  to  be  in  the  use  of  this  pile  pier- 
ing,  instead  of  the  commoner  method  of  employing  independent  cribs, 
I  am  disposed  to  believe  that  the  eventual  cost  must  be  greater.  An 
entrance  through  this  piling  being  once  effected  by  the  sea,  renders  the 
whole  structure  insecure ;  but  a  similar  entrance  being  effected  in  a  pier 
constructed  as  ordinarily  with  cribs,  hurts  that  crib  only  which  it  has 
entered,  and  which  may  be  entirely  replaced  without  affecting  the  sta- 
bility or  safety  of  the  remaining  cribs. 

Even  iron  ties  will  eventually,  through  their  own  rusting  or  the  rotting 
of  the  timbers  with  which  they  are  nnited,  lose  the  power  of  holding  the 
sides  of  the  piling  together,  and  if  the  depth  of  the  claj^  which  the  piles 
have  entered  bears  but  a  small  ratio  to  the  depth  of  water  and  sand 
through  which  they  have  passed,  the  pressure  produced  by  the  stone 
filling  with  its  superincumbent  mass,  acting  with  a  longer  lever  arm, 
would  overcome  the  resistance  offered  by  £he  clay  acting  with  a  shorter 
lever  arm ;  the  tops  of  the  piled  sides  would  necessarily  separate  and 
allow  the  superstructure  to  settle  without  a  chance  of  our  preventing  it. 

The  only  place,  therefore,  where  this  construction  seems  to  lue  admis- 
sible, is  where  we  maj'  penetrate  the  clay  substratum  to  a  depth  at  least 
equal  to  its  depth  below  the  surface  of  the  water,  and  even  its  applica- 
tion here  would  not  give  us  the  seciuity  we  get  by  the  crib  constioiction. 

The  balance  available  for  this  work  on  the  1st  of  July,  1867, 

was  bj'  General  Cram's  last  annual  report $51, 590  45 

Expended  by  him,  as  per  his  statement  to  me. .  $17, 554  32 

Expended  by  me 3, 177  14 

20,  731  46 

Available  June  30, 1868 30, 858  99 
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Brought  forward 

Required  for  the  completion  of  the  extension  of 

both  piers,  as  by  his  repoi-t  for  1867 $63, 497  00 

Of  which  he  had  expended  in  1866 8, 215  55 
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$30,858  99 


Expended  bv  him  in  1867-'68 $17, 554  32 

Byrne.....' 3,177  14 


55,281  45 


20,731  46 


Still  required  to  complete  pier  extension 34, 549  99 


which  is  more  than  the  available  July  1,  1868,  by 

which  is  still  to  be  provided  for. 

There  is  also  required,  by  General  Cram-s  estimate,  to  give  14 
feet  depth  of  water  at  this  harbor 


3,691  00 


38,622  00 


Total 42, 313  00 

jet  to  be  appropriated  to  render  this  harbor  what  it  ought  to  be. 

This  amount  can  be  profitably  expended  before  the  close  of  tlie  next 
working  season,  and  will  complete  the  improvement  of  this  harbor  so 
ferag  now  seems  desirable. 

Cleveland  is  in  the  collection  district  of  Cleveland,  Ohio,  and  is  a  port 
of  entry. 

The  amount  of  revenue  collected  here  within  the  last  fiscal  year,  and 
the  amount  of  commerce  and  navigation  to  be  benefited  by  the  comple- 
tion  of  the  improvement,  is  unknown,  no  answer  having  been  received 
&om  the  collector  of  the  port  to  the  letter  addressed  to  him  by  me  on 
the  23d  of  July.last,  asking  for  the  necessary  information.  For  copy  of 
that  letter  see  my  annual  report  for  Conneaut  harbor  for  the  year  ending 
June  30, 1868. 

RECAPITULATION. 

The  work  done  here  during  the  past  year  consists  in  the  extension  of 
fewest  pier  by  General  Cram's  pile  piering  for  a  distance  of  450  feet. 

It  i»  expected  that  the  improvement  of  the  harbor  will  be  completed 
^thin  the  coming  season,  if  the  additional  appropriation  of  $42,313 
ttked  for  is  grant^. 

Balance  June  30,  1867 .' $51, 590  45 

Expended  during  the  year 20, 731  46 

Balance  June  30, 1868. . ! 30, 858  99 


Which  is  independent  of  any  balance  that  then  may  be  remaining  in 
we  hands  of  General  Cram,  or  of  any  obligations  against  this  work  con- 
tracted by  him,  and  of  which  I  am  uninformed. 
Verj-  respectfully, 

WALTER  McFARLAND, 

Major  of  Enffineers. 
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C  1. 

Report  of  operations  in  the  improvement   of  Grand  River  harbor^  OhiOj 

for  the  year  ending  June  30y  1868. 

This  improvement  was  nnder  charge  of  Brevet  Major  General  T.  J. 
Cram,  colonel  of  engineers,  up  to  the  28th  day  of  May,  1868,  and  since 
then  in  charge  of  Major  Walter  McFarland,  coq)a  of  engineers. 

Tlie  only  work  done  here  during  the  year  was  therep.air  of  the  old  piers, 
and  the  fmming  of  nine  cribs  to  be  used  in  the  extension  of  the  east 
pier,  and  the  placing  of  four  of  them. 

Here,  as  in  the  works  at  Erie,  Pennsjivania,  and  Conneaut,  Ohio, 
nothing  can  be  determined  as  to  the  cost  of  rendering  the  harbor  per- 
manently servicable,  until  the  effect  of  the  extension  of  the  east  pier, 
now  ordered,  is  observed.  The  question  now  to  be  decided  is  whether 
the  waters  of  Grand  river,  after  this.extension  of  the  east  pier  is  com- 
pleted, will  be  suflficient  to  keep  an  open  channel  into  the  harbor;  and  if 
not,  whether  this  result  will  be  most  economicfilly  attained  by  an  exten- 
sion of  the  west  pier  also  in  a  direction  parallel  to  that  of  the  east  pier, 
or  by  the  periodical  use  of  the  dredge.  After  the  spring  freshets  ot 
1809,  by  which  time  the  extension  of  the  east  pier  will  be  completed,  we 
shall  be  able  to  decide  whether  the  waters  of  this  river  have  the  power 
necessary  to  keep  its  own  channel  clear,  or  whether  we  must  resort  to 
additional  means  of  accomplishing  this.  Until  this  is  ascertained  it 
will  be  impossible  to  say  whether  other  appropriations  will  be  needed 
or  not. 

Balance  July  1st,  1867,  a«  per  General  Cram's  report  for  1867 .  $53, 310  22 
Expended  by  General  Cram,  as  by  his  state- 
ment      $8,128  10 

By  myself 93  12 

Total : 8, 221  22 

Balance  June  30,  1868 45, 089  00 

Probable  cost  of  east  pier  extension,  as  by  General  Cram's 
report  for  1867 21, 63100 

Leaving 23, 458  00 

available  for  the  extension  of  the  west  pier  if  necessary,  or  for  dredg- 
ing the  harbor  out  if  the  action  of  the  waters  of  the  river  is  not  suffi- 
cient to  keep  it  clear  under  the  new  condition  of  things.  This  will  prob- 
ably be  enough  to  put  this  harbor  in  the  best  condition  possible,  includ- 
ing the  building  up  to  the  proper  level  of  the  superstructure  of  the  two 
last  cribs  of  the  east  pier  extension,  put  in  during  the  year,  which  by 
the  spring  freshets  have  been  made  to  settle  at  their  outer  end  from  six 
to  eight  feet. 

This  harbor  is  in  the  collection  district  of  Cleveland,  Ohio,  which  is 
the  nearest  port  of  entry,  from  which  it  is  distant  29  miles.  No  informa- 
tion can  l>e  furnished  concerning  the  amount  of  commerce  likely  to  be 
benefited  by  the  improvement,  for  the  reasons  given  in  my  report  ui>ou 
the  harbors  of  Ashtabula  and  Conneaut,  Ohio. 

RECAPITULATION. 

The  work  done  here  during  the  year  consists  in  the  repair  of  the  old 
piers,  and  in  the  construction  of  nine  cribs  for  the  east  pier  extension, 
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and  the  placing  of  four  of  them.  The  uction  of  the  spring  freshets 
amed  the  settlement  of  the  outer  end  of  this  length  of  four  cribs  to  the 
elaj  8nl>-$tratam,  from  six  to  eight  feet  below  the  sand  bottom  on  which 
tLeviiad  been  placed. 

BiJance  on  hand  July  Ist,  1867.   $53, 310  22 

Eil)ended  daring  the  yeer 8, 221  22 

Balance  June  3ath  1868 45, 089  00 

which  is  irresi)ective  of  any  balance  in  the  hands  of  General  Cram, 
or  of  any  indebtedness  contracted  by  him  on  account  of  this  work,  and, 
of  which  I  am  uninformed. 

This  balance  is  to  be  applied  to  the  extension  of  the  east  pier,  and, 
after  the  effect  of  this  upon  the  current  of  the  river  is  ascertained,  to 
the  extention  of  the  west  pier,  the  dredging  of  the  channel,  or  such 
other  o|ierations  as  may  seem  best  calculated  to  the  improvement  of  the 
harbor. 

Verj*  respectfully, 

WALTER  McFARLAND, 

.  Major  of  En^^ineers. 


C2. 

i^  of  operations  in  th£  improvement  of  Ashtabula  harbor ,  Ohio,  for  tlie 

year  ending  June  30,  1808. 

Tbw  improvement  was  under  charge  of  Brevet  Major  General  T.  J. 
Cram,  colonel  of  engineers,  up  to  the  28th  day  of  May,  1808,  and  since 
th^'n  under  charge  of  Major  Walter  McFarland,  coqis  of  engineers. 

"Hie  work  done,  up  to  the  transfer  of  the  charge  to  me,  was  limited  to 
the  repair  of  the  old  wort,  and  the  preparation  for  the  extension  of  the 
04  pier. 

During  the  month  of  June,  eight  cril)s  of  this  extension,  of  a  total 
jfligth  of  240  feet,  were  built,  floated  to  their  position,  and  sunk,  accord- 
^  to  the  plans  pre[)ared  for  this  purpose  by  General  Cram.  The  work, 
*|  recommended  in  General  Cram's  report  for  1867,  can  be  completed 
*ithin  the  next  working  season,  and  does  not  appear  to  require  modifi- 
cation or  change. 

Balance  on  hand  July  1, 1867. : J72,  764  29 

Expended  by  General  Cram,  as  by  his  statement,  $17, 461  27 

"pended  by  myself,  in  pier  extension 6, 992  86 

24,454  13 

^ance  June  30,  1868 48, 310  16 

6irtre  cost  of  pier  extension,  by  General  Cram's 

report  for  1867 $38, 526  00 

^^j  expended  uiwn  it 6, 992  86 

*till  to  be  expended  upon  it 31,533  14 

^  of  dredging,  by  General  Cram's  report  for 
IW 18,851  00 

AjDount  still  needed  to  complete  the  work 50, 384  14 

Jiving ...     2, 073  98 
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still  to  be  provided  for,  instead  of  an  excess  of  $3,569,  as  shown  by  Gem 
eral  Cram's  report  for  1867. 

This  arises  from  the  cost  of  the  repairs  of  the  old  work  amounting  t4 
$17,461  27,  instead  of  $11,838,  as  estimated  for  last  3'ear. 

At  this  harbor  both  piers  are  to  be  carried  out  to  the  same  extent, 
and  it  is  anticipated  that  the  action  of  the  waters  of  the  creek  will^ 
when  this  improvement  is  completed,  prevent  or  delay  the  formation  of 
a  bar  at  its  outer  extremity.  Nothing  further  will  probably  need  to  be 
done  here  after  the  execution  of  the  work  herein  contemplated  than  the 
occassional  repair  of  decaying  wood-work. 

Ashtabida  is  in  the  collection  district  of  Cleveland,  and  the  nearest 
port  of  entry  is  Erie,  Pennsylvania,  distant  40  miles— Cleveland  being 
55  miles  west  of  it. 

No  official  iulbrmation  has  been  received  concerning  the  amount  of 
commerce  and  navigation  to  be  benefited  by  the  completion  of  the  im- 
provement, though  the  growing  importance  oi  the  town  of  Ashtabula, 
from  its  proposed  connection  with  the  coal  regions  of  Ohio,  will  un- 
doubtedly make  it  considerable. 

RECAPITULATION. 

The  work  done  here  during  the  year  consists  in  the  repair  of  the  old 
piers,  and  the  extension  of  the  under-water  work  of  the  east  pier  for  a 
distance  of  240  feet. 

It  is  expected  that  the  improvement  of  this  harbor  will  be  completed 
during  the  next  working  setison. 

Amount  expended $24, 454  13 

Balance  June  30,  1868 48, 310  16 

Still  required  over  last  year's  estimate 2, 073  98 

And  this  is  independent  of  any  balance  still  remaining  in  the  hands  of 
General  Cram,  or  of  any  indebtedness  on  account  of  this  work  con- 
tracted by  him  and  of  which  I  am,  as  yet,  uninformed. 

For  a  copy  of  my  letter  to  the  collector  of  the  port  of  Cleveland,  ask- 
ing for  the  information  required  by  Congress  concerning  the  commerce 
of  this  i>lace,  see  my  report  on  Conneaut  harbor,  Ohio. 
Very  respectfully, 

WALTER  McFARLAND, 

Major  of  Engineers. 


C3. 

Report  of  operations  ir^  the  improvement  of  Conneaut  harbor^  OhiOjfor  the 

year  ending  June  30, 1868. 

This  improvement  was  under  charge  of  Brevet  Major  General  T.  J. 
Cram,  colonel  of  engineers,  up  to  the  28th  of  May,  1868^  and  since  then 
under  charge  of  Major  Walter  McFarlaud,  corps  of  enguieers. 

From  the  report  of  operations  turned  over  to  me  by  General  Cram,  it 
appears  that  the  work  done  upon  this  harbor,  up  to  the  28th  of  May, 
consisted  in  the  repair  of  the  decaying  portions  of  the  old  east  and  west 

Kiers.    Since  that  date,  and  up  to  the  30th  of  June,  nothing  more  has 
een  done  than  the  collection  of  the  material  necessary  to  the  completion 
of  the  west  pier  extension. 
In  the  spring  of  1868  a  heAvy  freshet  occiurred  in  Conneaut  creek,  and  the 


REPORT   OF   THE    SECRETARY   OF    WAR,  161 

passage  of  die  water  bein^  obstructed  by  the  blocking  of  the  ice  between 
the  piers,  it  made  its  way  over  the  low  hind  at  the  southern  end  of  the 
east  pier,  aud  formed  a  new  channel  for  itself  to  the  lake,  about  150  feet 
broad.  This  new  channel  must  be  closed,  and  the  expense  of  doing  this 
will  notfalUhort  of  $8^000  or  $9,(K)0,  which  must  be  provided  indei^end- 
ently  of  the  |10,G38  called  for  by  General  Cram  in  his  last  annual  report 
for  this  work. 

Of  the  appropriations  for  this  harbor,  there  w^ere  available  on  the  1st 
of  Jalv,  18(>7,  according  to  General  Cram's  official  rej>ort  for  that  year, 
*:'7,378  19.    He  has  expended,  as  per  his  statement  to  me,  $11,181  74, 

hving  $16,196  45  available  on  the  30th  of  June,  1868,  irrespective  of 

iQj  balance  in  his  jwssession,  or  any  obligations  contracted  by  him  for 

this  work,  of  which  I  am  uninformed. 

The  work  remaining  to  be  done  is  the  repair  of  the  break 
caoijed  by  the  freshet  of  March,  1868. : $9, 000  00 

ind,  as  by  last  year's  estimate,  the  extension  of  the  west 
pier 22,771  00 

Drwlging  the  channel 6, 181  00 

Total 37, 952  (K) 

Dedacting  the  balance  given  above 16, 196  45 

There  remains 21,  755  55 

to  be  provided  for  by  future  appropriations,  all  of  which,  with  the  balance 
fiowon  hand,  can  be  profitably  expended  before  the  close  of  the  next 
twking  season. 

This,  so  far  as  we  can  judge  at  present,  will  complete  the  work  of 
ifiaprovement  at  Conneaut  harbor,  as,  in  the  case  of  Erie,  we  can  only 
[M  whether  an  extension  of  the  east  pier  will  be  necessary  after  the 
i^ect  of  the  extension  of  the  west  i)ier  is  ascertained.  It  is  possible 
l^t  dredging  alone  w  ill  answer  the  purpose  of  keeping  a  clear  channel 
M^\  bnt  l)efore  being  able  to  decide  which  of  the  two  methods  will  be 
No«t  economical,  we  must  ascertain  clearly  the  effect  produced  by  the 
\^^  construction. 

C^inneaut,  Ohio,  is  in  the  collection  district  of  Cleveland,  and  the 
j^areHt  port  of  entry  is  Erie,  Pennsylvania,  distant  27  miles;  but  what 
j«ttount  of  commerce  and  navigation  would  be  benefited  by  the  com- 
Ption  of  the  public  works  there  I  am  unable  to  state,  as  I  have  received 
po answer  to  my  letter  to  the  collector  of  the  port  of  Cleveland  asking 
n  the  necessary  official  information,  a  copy  of  which  letter  is  trans- 
mitted herewith. 


RECAPITULATION. 

The  work  done  here  during  the  year  consists  in  the  repair  of  the  old 
\^  and  west  piers. 

'freshet  in  the  spring  of  1868  caused  the  waters  of  Conneaut 
creek  to  break  through  behind  the  ea«t  pier  into  the  lake. 
This  break  will  have  to  be  closed,  the  cost  of  which  will  be 

about $9, 000  00 

of  extending  west  pier 22,  771  (K> 

dredging  channel,  as  by  last  year's  estimates 6, 181  00 

Total 37, 952  00 

11  w— Part  II 
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Brought  forward $37, 952  (B 

Balance  July  1,  1867 , *27, 378  19 

Expeuded  by  General  Oram 11, 181  74 

Available  June  30,  1868 : 16, 196  4i 

Balance 21, 755  55 

still  to  be  provided  for  in  order  to  complete  the  work  so  far  as  now 
appears  to  be  nece8sarj% 
Very  res])ectfully, 

WALTER  McFARLAND, 

Major  of  Engineers, 


Duplicate  to  accompany  annual  report  fm*  Conneaut  harbor^  OhiOjfor  tin 

year  ending  June  30, 18G8. 

United  States  Engineer  Office, 

EriCj  Fenn^ylvania^  July  23, 1868. 

Sir  :  Under  the  provisions  of  the  act  of  Congress  making  appropri 
ations  for  the  repair,  preservation,  and  completion  of  certain  publi< 
works,  approved  March  2,  1867,  it  is  made  a  part  of  my  duty  to  furnisl 
with  my  annual  reiK)rt  information  ui)on  the  following  points  concerning 
the  works  in  my  charge^  \iz: 

I.  The  collection  district  in  which  each  work  is  located. 

II.  At  or  near  what  port  of  entry,  light-house,  or  fort,  each  work  h 
located. 

III.  What  amount  of  revenue  was  collected  at  the  nearest  port  o 
entrs'  to  each  work  for  the  last  fiscal  year. 

IV.  As  far  as  practicable,  what  amount  of  commerce  and  navigatior 
would  be  benefited  by  the  completion  of  each  particular  work. 

I  have  respectfully  to  ask  that  you  will  cause  to  be  furnished  me  from 
the  records  of  the  custom-house  the  information  herein  called  for,  so  fai 
as  it  relates  to  the  harbors  of  Cleveland,  Grand  river,  Ashtabula,  and 
Conneaut,  Ohio. 

Very  respectfully,  your  obedient  servant, 

WALTER  MoFARLAlS^D, 

Major  of  £)igineers, 

Hon.  Collector  of  tlie  Port  of  Clerehnd,,  Ohio, 


C  4. 

Report  of  operations  on  the  improvement  of  Erie  harbor^  Pentisylvanin^ 

during  the  year  ending  June  30,  1868. 

This  improvement  was  under  charge  of  Brevet  Major  General  T.  J. 
Cram,  colonel  of  engineers,  up  to  the  28th  day  of  May,  1868,  and  fix)Da 
that  date  until  the  30th  of  June,  1868,  under  charge  of  Mtyor  Walter 
McFarland,  corps  of  engineers. 

The  reports  of  operations  turned  over  to  me  by  General  Cram  show 
no  other  operation  than  the  dredging  and  removal  of  37,222  cubic  yards 
of  sand  for  that  part  of  the  year  during  which  he  had  charge  of  thia 
work,  and  without  specification  as  to  when  the  dredging  was  done.    It 
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is  uiMlewtood,  however,  from  contracts  previously  made,  to  Imve  Iweii 
through  the  outer  bsur,  and  for  a  width  of  about  200  feet  from  the  south 
side  of  the  north  pier.  Examination  shows,  however,  that  besides  this 
<Iredgiflg,  the  extension  of  the  north  pier,  recommended  by  General 
Cram  in  hig  report  for  1864,  which  had  been  approved  of,  and  tor  which 
•fl  appropriation  had  been  made,  was  commenced  about  June,  1867,  and 
fiearlj  completed  by  October  of  that  year. 

In  September  of  the  same  year  a  storm  of  considerable  violence  arose, 
»hich  mused  a  settlement  and  partial  overturning  of  the  outer  portion 
of  this  extension  for  a  distance  of  over  300  feet,  injuring  the  structure  to 
Mch  a  degree  as  to  cause  the  appointment  of  a  board  of  engineers  to 
determine  the  cause  of  the  dissister,  and  to  recommend  such  measures  as 
Blight  seem  to  them  necessary  for  its  repair.  Tlie  recommendations  made 
by  this  board  were  approved  by  the  Chief  of  Engineers,  and  General  Cram 
w^asonlered  to  prepare  the  necessary  plans  and  specifications  for  carrying 
them  ont.  This  w:as  accordingly  done ;  liis  plans  and  specifications  were 
approved,  and  sealed  proi>osals  for  repaiiing  tlie  damaged  pier  and  for 
dredging  the  inner  channel  of  the  harlwr  were  called  for  by  public  adver- 
ti^ment  about  the  middle  of  May,  1868,  and  resulted  in  the  letting  of 
[the  (imtract  for  repairs  to  Mr.  Nicolls,  of  Detroit ;  and  for  dredging,  Lee 
bft Dunbar,  of  Buffalo;  work  under  the  contracts  to  be  begun  on  the  1st 
Dd  JJth  of  June,  1868,  res]>ectively. 

During  the  few  weeks  that  elapsed  between  the  commencement  of  these 
perations  and  the  close  of  the  fiscal  year  ending  June  30,  1^68,  Nicolls 
[jiaced  215  cords  of  rubble  stone  in  rip  rap  on  the  north  side  of  the  dam- 
fed  pier,  and  Lee  &  Dunbar  removed  from  the  inner  bar  2,035  cubic 
tfds  of  sand. 

There  have  been  expended  in  the  improvement  of  this  harbor  during 
fiscal  year  ending  June  30, 1868— 

General  Cram,  (according  to  his  own  letter  statement 

to  me) $43, 873  4f) 

Rymyself 3, 610  09 

Total 47, 482  58 

^y  engineer  department  letter  to  me,  dated  June  24, 1868,  there  was 
then  in  the  treiisury  of  the  United  States  of  the  appro- 
priation for  the  improvement  of  Erie  hai'bor $15, 961  00 

[Amount  expended  by  me,  out  of  this  balance,  up  to  June  30        3, 610  09 

Balance  July  1, 1868 12, 350  91 


fo  which  must  be  add^d  any  balance  remaining  in  the  hands  of  Gen- 
Cram  and  belonging  to  this  appropriation,  of  the  amount  of  which 
^•m  uninformed. 

The  work  that  still  remains  to  be  done  at  this  harbor  consists  in  the 
ipletion  of  the  repairs  of  the  damaged  pier,  the  completion  of  the 
Iging  of  the  outer  bar,  begun  last  year,  and  the  dredging  of  the  chan- 
aeross  the  inner  bar  to  a  width  and  depth  rendered  necessary  by  the 

ring  commerce  of  this  port. 
The  amount  of  tonnage  which  has  entered  this  port  in  the  month  of 
1868,  is  nearly  three  times  what  it  was  for  the  same  month  in  1865, 
about  doable  what  is  was  for  June,  1866.    In  1865,  as  shown  by  the 
tomhoQse  records  here,  it  was  a  rare  thing  to  find  a  vessel  rating  as 
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too  toD8  in  the  harbor — ^from  100  tons  to  250  being  about  th 
tonnage  of  the  large  traders.    To-day  vessels  of  000  up  tc^ 
8  burden  are  common  in  the  bay,  and  some  range  as  high  a^ 
s  and  are  200  feet  in  length,  and  this  change  has  occuiTed  siuoe^ 
ovements  began.    For  the  latter  class  of  vessels  a  channel  no^ 
300  feet  in  width  ought  to  be  provided  through  the  inner  bar,, 
nt  it  is  but  100  feet  wide,)  which  would  make  it  of  about  tli^ 
th  as  the  channel  between  the  piers.    To  dredge  this  out  to  a- 
14  feet  at  low  water  would  cost  probably  not  less  than  $35, 000. 
iplete  the  dredging  of  the  outer  bar,  where,  to  render  vessel*, 
sale  against  touching  bottom  in  st-ormy  weather,  we  should  g(^ 
[leeper,  woidd  cost  probably  $5,000.    To  complete  the  repair  ot^ 
iged  pier,  according  to  the  plans  and  estimates  made  by  Gen— 
1  and  approved  by  the  Chief  of  Engineers,  will  cost  $16,000. 

y  pier $16, 000  Q» 

:  outer  bar 5, 000  0(» 

:  inner  bar 35, 000  OO 

56,000  00 
3  July  1,  1868 12, 350  9JL 

43,649  00 

sided  for.    This  will  be  covered  by  the  $10,000  set  apart  from 
•al  appropriation,  of  which  I  was  notified  by  department  letter 
>ril  2, 1868,  addressed  to  General  Cram,  and  by  allotment  erf 
irom  the  general  appropriation  recently  made,  of  which  I  wa« 
3y  department  letters  of  July  3  and  September  3,  1868.    Thi« 
[>lete  the  work  of  improvement  for  Erie  harbor  as  nearly  as  i* 
►mpleted.    It  is  certiiin  that  a  bar  will  again  form  at  the  rnoutl 
irbor,  about  the  extremity  of  the  pier,  after  the  lapse  of  a  fe# 
Vhether  this  tendency  to  form  a  bar  will  be  best  remedied  by 
iredging  or  by  an  extension  of  the  south  pier,  can  only  be  det^ 
len  the  rate  of  growth  of  this  bar  for  the  present  extension  il 
ed.    If  that  rate  be  a  slow  one,  as  seems  probable,  small  apprtt 
or  dredging  at  intervals  of  a  few  years  will  suffice,  but  in  what 
or  at  what  intervals  it  is  impossible  now  to  say.    Erie  is  a  i)oiJ 
in  the  collection  district  of  Eiie.    The  amount  of  revenue  cot 
ring  the  fiscal  year  ending  June  30,  1808,  by  the  custom-house 
['  the  place,  is  shown  to  be  $11,373  30.    Two  thousand  one  hun« 
nine  vessels,  with  an  aggregate  capacity  of  563,462  tons,  wer< 
nd  cleared  at  this  port  during  the  same  i)eriod. 

EEOAPITULATION. 

►rk  done  here  during  the  year  consisted  in  the  removal  of  apoR 
e  outer  bar,  giving  a  channel  across,  it  about  200  feet  wide  an4 
^p  at  low  water,  and  in  extending  the  north  pier  500  feet  out^ 
Phis  extension  was  so  badly  damaged  by  a  storm  in  Septembei\ 
t  it  becanie  necessary  to  order  a  board  of  engineers  to  examin^ 
^ndition  and  to  reconmiend  measures  for  its  repair.  This  wal 
jly  done;  the  recommendations  were  approved,  bids  called  fo« 
tisements,  contracts  entered  into,  and  the  work  of  repair  begun 
1868. 

ork  of  repair  will  be  completed  within  the  present  fiscal  year. 
)proved,  the  dredging  of  the  outer  bar  to  a  depth  of  16  feet,  and 
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the  wideninpf  of  the  inner  channel  to  300  feet  with  a  depth  of  14  feet  at 
low  water,  can  be  accomplished  within  the  same  period,  all  at  a  probable 
cost  of  $56,000,  w^hich  amount  is  already  provided  for  by  the  balance  of 
gjjecial  appropriation  still  unexpended,  and  by  allotment  from  general 
appropriations  for  works  of  river  and  harbor  improvement.  • 

Amount   expended   during  the  fiscal  year  ending  June  30,  1868, 
147,483  58. 

Very  respectfully, 

WALTER  McFARLAND, 

Major  of  Engineers. 

I  transmit  herewith  abstracts  of  bids  and  abstracts  of  contracts  for 
Erie  harbor,  Pennsylvania. 

W.  McF. 
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Abstract  of  bids  for  doing  work  ai 
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33,170  B.M. 

71  cords. 

200  cubic  yards. 

25  piles. 

60; 

Dollar: 

Dollars. 

Cevtt. 

DollnrB. 

Do 

1 

'"WilUam  Nicholls,  Detroit. .. 

10 

2.50 

50 

4 

1331  70 

$177  50 

$100 

$100  00 

2  '  William  H.  Douglass,  Buf- 
falo, N.  Y. 

3     Daniel  E.  Bailey,  Toledo  : 

to 

3 

45 

8 

1      Alonzo  D.  Denny,  Detroit . 

$331  70 

$213  00 

190 

$200  00 

4     Patrick  Smith,  Cleveland, 

12 

7 

60 

10 

Ohio. 

$396  40 

$497  00 

$120 

$250  00 

5  *Lee  &  Dunbar,  Erie 

10 

3 

50 

8.50 

! 

$331  70 

1 

$213  00 

$100 

$212  30 

*  Contracted  with. 
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hif^r,PaMSjlfnU,  May  20.  1868. 
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Remarks,  uames  of  bond«tneD,  Sec 


3  5 

go. 
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a  « 
s^w-fi  S  -  »  5 
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J.15^S§D.« 


S  s  @  B  S  a  ^  ou  S^  5  o 


16,668  cubic  yardi. 


CentM. 


32 


$5,333  76 


45 


44 


$7,500  60 


$7,333  92 


37.5 


$6, 250  50 


Francis  AdamH  Sc  Jas.  H.  Jones,  De- 
troit,  bondsmen. 

T.  B.  Gallagher  &,  J.  E.  Harris,  Buf- 
falo, bondxraen  ;  received  tele^am 
from  W.  H.  DougluMS,  withdrawing 
hii)  bid,  before  he  could  be  notified 
that  he  was  the  lowest. 

Thos.  Coartrighi,  Paine8viUe.0.,&  J. 
J.  Bagley,  Detroit,  bondHineu. 

J.  ObwiU,  A  Wm.  Quigley,  Cleve- 
land, bonditmeu. 

Ja».  H.  Lee,  Sc  Wm.  H.  Abell,  Buf- 
falo, bondsmen. 


•  ClaM  B  was  advertised  separately  and  "Wd  for  separately. 

I  ceitifv  this  to  be  a  true  abstract  of  the  ori|cinal  bids. 

T.  J.  CRAM, 
Colonel  Engineers^  Brevet  Major  General. 
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Abstract  of  contracts  for  doing  work  at  Erie  harbor  Per.,  entered  into  Ma^ 
20,  1808,  to  accompany  annual  report  for  year  emling  June  30,  1808. 


Name  of  cod  tractor. 


Work  contracted  for. 


William  Nicolle,  of  Detroit Repair  of  dama^red  pier  as  per  bid  shown  on  the  abstractor 

Lee   &  Dunbar,  of  Erie  and  <        bids  accouipaoyin^^  annual  report  for  year  endin(^  Jaue 

Butt'alo 'SO,  1868. 

j  Dredfi^in^  inner  channel  as  per  bid  shown  in  the  abstract 
ofbids  accompanying  annual  report  for  year  ending  Jane 
I        30, 1868. 


I  eeitifv  this  to  be  a  true  abstract  of  the  contracts  entered  into  for 
Erie  harbor. 

WALTER  McFAliLAND, 
'  Major  of  Ungineers, 


C5. 

United  States  Engineer  Office, 

Detroit,  February  22,  18G8. 

I  herewith  forward  a  special  report  and  attached  to  it  a  "statemeni 

of  materials  and  work"  in  respect  to  Erie  harbor.    I  respectfiUly  requesi 

an  early  attention  to  both,  and  the  necessary  instructions  for  two^reasons 

Ist.  It  is  desirable  to  let  Vincent  &  King  know  their  fate  in  respect  tc 

payment. 

2d.  Kthe  remedy  suggested  be  approved,  we  shoidd  see  immediately 
about  getting  the  materials  under  way. 

Very  respectfully,  your  obedient  serv^ant, 

T.  J.  CRAM, 
Colonel  Engineers,  Brevet  Major  General, 

Brevet  Major  General  A.  A.  Humphreys, 

Brig.  Oen.j  Chief  of  Engineers  II.  S.  Arniy. 


Special  report  upon  nmv  work  extension  of  north  pier,  Erie  harbor,  PeuL 

sylvania,  February  22,  18G8. 

In  the  order  September  12,  1806,  from  engineer  department^  I  ws 
directed  to  make  the   construction  of  this   to  '*  consist  ol  crib-wo* 
baHasted  with  stone.''    My  own  plan  and  estimate  submitted  contet 
j)hited  this  coustnuition  to  consist  of  a  pile  pier  ballasted  with  ston 
but  the  order  above  quoted  overruled  my  plan ;  accordingly  new  plat 
were  made  with  much  labor  and  care  to  comply  with  the  directions  fro'^ 
the  engineer  department,  and  hence  the  reason  of  calling  them  th« 
*' government  plans."    The  cribs  to  be  30  feet  long  and  18  teet  wide,  ^ 
rest  on  a  level  bottom  obtained  by  dredging  12  feet  below  low-watf 
surface,  and  stayed  with  a  pile  in  each  interior  corner;  and  immediatel.1 
to  be  tilled  with  st4:)ne,  and  to  have  a  superstructui'e  six  feet  high,  aL 
tilled  with  stone-and  planked  over. 

The  width  given  to  the  cribs  was  four  feet  wider  than  the  old  pier, 
w  hich  had  been  placed  on  a  similar  sand  bottom  and  at  the  same  depth 
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withoat  ^tay  piles,  with  six  feet  superstmctiire,  all  filled  with  stone, 
rhich  I  found  had  stood  well  for  many  yeai'S,  under  x)reiM8ely  sack  actiou 
npon  it  a*  would  come  upon  the  piY)po8ed  new  extension. 

Herewith  is  drawing  A,  showing  the  exact  nnxle  of  constructing  the 
work  to  be  done  under  contract  by  Vincent  &  King,  who  were  furnished 
with  a  copy  of  this  drawing,  with  bills  of  materials  and  specifications  to 
guide  them  under  the  aiticles  of  agreement. 

Mach  personal  labor  had  been  bestowed  in  this  office,  also  much  by 
By*lf  at  Erie,  to  explain  to  the  inspector  and  the  contractors  the  details 
rf  the  plans  and  specifications,  with  an  assuran(*.e  that  no  departure 
frwn  them  could  be  tolerated,  as  such  ]>ermission  would  be  tantamount 
00  my  |)art  to  a  violation  of  the  contract. 

Timber  and  iron  were  furnished  as  fast  as  the  contracts  with  Brooks  & 
[  Adamn  for  the  former,  and  James  Loveday  for  the  latter,  required.    The 
[inspector,  Irvin  Camp,  a  civil  engineer,  rei>orted,  3d  July,  as  having  been 
I  done  in  June,  a«  follows :  "  We  have  got  a  good  line  and  a  good  level  on  120 
feet  of  cribs  now  sunk  and  tilled  to  water  surface  with  stone,-'  and  sent 
the  amount  of  work  done  to  be  paid  for.    Supposing  that  this  meant 
fonrof  the  30-feet  cribs  sunk  line,  stayed  with  the  piles  and  filled  accord- 
ing to  the  government  plans,  I  made  out  vouchers  and  paid  the  cx)ntract- 
flw accordingly.     Shortly  after,  to  my  suquise,  I  learnt  that  the  stay- 
pfleswere  not  driven ;   whereu])on  I  directed  the  inspector  to  return  no 
work  an  done  under  water  until  the  stay-piles  were  driven  and  the  stone 
immediately  put  in,  as  this  was  in  accordance  with  the  contract;  and 
iko  directed  him  to  notify  the  contractors  immediately  that  I  would 
i«ther  accept  nor  pay  for  any  work  uidess  done  in  accordance  with  the 
^tract.'    This  notice  was  served  on  the  contractors.    They,  however, 
jwsisted  in  going  on  i)utting  in  cribs,  which  I  supiK)sed  to  be  30-feet 
^k  aud  filling  with  stones,  without,  as  I  afterwards  learned,  driving 
fc stay-piles;  making  boxes  in  the  comers,  so  as  to  drive  the  piles  at 
te  convenience  after  completing  the  superstructure. 
Along  in  August,  I  think  it  was,  one  of  the  contractors,  Mr.  Vincent, 
*«ne  to  Detroit  to  get  money,  on  a  rei)ort  from  the  inspector  to  the 
*ct  that  240  feet  more  of  cribs  had  been  sunk,   filled  with  stone, 
*oa^  not  stay -piled.    Questioning  Mr.  Vincent,  1  now  discovered  for 
*t  first  time  that,  instead  of  framing  the  crib- work  in  single  cribs  of 
Jfeet,  as  the  government  plans  called  for,  they  had  all  the  time  been 
**niin^  cribs  120  feet  long,  assuming  that  this  mode  of  framing  made 
l^ger  cribs  than  the  government  plan  of  cribs,  and  that  he  "thought 
ftaeybad  much  improved  the  work."    I  endeavored  to  point  out  his 
2^1  but  failing  to  convince  him  I  told  him  he  had  violated  the  con- 
'feoDs  of  the  contract,  and  that  I  could  not  nor  would  I  ])ay  a  cent  for 
J^  in  this  manner,  and  advised  him  unless  he  drove  the  i)iles  and  filled 
•ework  immeiliately,  he  would  be  running  a  very  great  risk  of  having 
k  cribs  knocked  out  of  line  by  the  first  heavy  blow;  but  that  if  he 
M  ]mt  in  30-feet  cribs,  and  piled  and  stayed  them  according  to  gov- 
imneut  plans,  the  risk  afterwards  would  of  course  fall  ui)on  the  govem- 
iHit    To  this  he  replied  that  he  could  "obtain  money  enough  to  carrj' 
i  the  work  without  calling  upon  the  United  States,  and  that  he  should 
Mtiuue  by  putting  in  another  crib  120  feet  long,  which  would  carry  the 
uder-water  work  to  the  whole  extent  contemplated,  aiul  would  take 
pon  himself  all  the  risk  of  a  failure.''    I  again  tried  to  impress  upon 
m  the  magnitude  of  the  risk,  which  might  be  so  great  as  not  only  to 
tprive  him  from  getting  any  pay,  but  involve  the  contrac^tors  in  the 
bagreeable  con«e<iuence  of  having  to  pay,  either  they  or  their  bonds- 
*ii,  to  the  Uiiited  States  the  cost  of  government  materials  they  were 
sing  up. 
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It  wa«  at  this  interview  that  I  learnt  the  particulars  of  another  viol 
tion  of  the  government  phms;  which  is,  that  instead  of  starting  thene 
work  exactly  at  the  end  of  the  old  pier,  they  8tarte<l  at  a  point  east 
it,  thus  leaving  a  gap  of  17  feet  between  the  old  and  new  work ;  th 
because.,  from  the  nature  of  the  bottom  in  that  space,  they  could  n 
easily  dredge  to  obtain  the  required  depth.  This  gap  they  filled  wi 
an  interpolated  crib  17  feet  long  after  they  had  put  in  the  last  120  fe 
crib. 

Up  to  7th  of  September  the  inspector  hjid  been  writing  to  me  of  "  tl 
perfection"  and  "stability"  of  Vincent  &  King's  line  of  under- wat 
piering  without  any  piles,  and  I  was  favored  with  a  treatise  of  some  :s 
pages  showing  how  groundless  wei'e  my  apprehensions  of  it  ever  beij 
moved  by  a  storm  on  Lake  Erie;  the  substance  was  to  i>rove  that  th( 
plan  was  sui)erior  to  the  government  plan.  The  method  of  framii 
their  cribs  is  shown  on  sketch  B. 

On  the  7th  of  September,  however,  the  test  came  in  a  violent  nori 
easter ;  and  after  the  storm  the  outer  upper  northeast  corner,  (see  sket 
C)  of  their  work  was  found  "canted  so  that  it  was  five  feet  below  i 
proi>er  first  level,  and  five  feet  out  of  its  original  alignment,  causing 
contoiiion  and  twisting  of  their  line  of  cribs  extending  ft-om  the  oat 
end.westwardly  for  130  feet,"  i.  c,  for  the  whole  outer  crib  and  for  10  ft 
of  the  next  crib.  The  contortion  and  twisting  are  shown  as  clearly  as  poa 
ble  in  diagram  Nos.  1  and  2,  sketch  0.  It  seems  that  after  the  careenii 
to  the  north  commenced,  they  kept  bolting  on  timbers  upon  the.  north  ifi 
— a  gross  mistake,  to  build  up  that  side,  as  Mr.  Vincent  informed  ii 
''  to  keep  the  wood- work  up  to  the  sui-face  of  the  water,"  thus  addi 
weight  after  weight  to  that  side,  which  of  a  necessity  must  add  inc 
and  more  to  the  liability  to  careen  in  that  direction. 

Every  northeast  storm,  of  which  there  occurred  a  succession  of  vc 
severe  ones,  caused  more  careening.  The  October  storm  left  it  in  a  po 
tion  shown  by  diagram  No.. 3.  After  this  the  weather  became  calm,  » 
it  seems  that,  as  the  work  had  to  them  apparently  become  stationa] 
they  put  the  sui)erstructure  upon  the  258  feet  of  inner  portion,  and  th 
drove  piles  down  from  the  top  through  the  boxes  which  they  had  nm 
This  was  another  miserable  expedient^  as  piles  set  in  that  manner  coi 
not  be  made  to  have  a  proper  or  firmly  bolted  connection  with  theuud 
water  crib- work.  Besides  driving  from  that  height  it  would  be  imp 
sible  to  make  the  piles  ixjuetrate  more  than  from  six  to  eight  feet  ii 
the  bottom,  whereas  the  government  plans,  requiring  them  to  be  imi 
diately  driven  after  setting  of  the  cribs,  required  and  rendered  it  pr 
ticable  to  drive  them  to  a  penetration  of  12  feet  into  the  bottom,  a 
also  to  firmly  connect  them  witli  the  timbers  of  the  crib  they  were 
tended  to  stay.  Their  excuse  was  that  they  "  cx)uld  not  get  a  pile-dri' 
in  time  to  drive  the  piles  immediately  after  setting  their  cribs,  and  f 
it  would  be  much  easier  to  set  a  pile  from  on  top  of  the  superstiiictL 
and  from  there  drive  the  piles  down  through  the  boxes."  In  this  na 
ner  they  stuck  in  as  many  piles  as  they  could  until  they  came  to  wt 
the  work  was  so  twisted  that  their  mode  of  piling  had  to  ce^ase.  J^ 
this  the  inspector  returned  as  "  finished  work  "  the  258  feet  inner 
tion  of  the  extension,  and  the  248  feet  of  the  outer  portion  as  "  uutinLj; 
work." 

Vincent  &  King's  letter  followed  the  return,  in  which  they 
payment  for  their  work  as  if  it  had  been  done  according  to  coi 
and  upon  the  government  plans ;  being  satisfied,  as  they  said,  and  co^^ 
to  say,  that  "  the  displacement,  careening,  &c.,  were  in  eonseque^~~ 
no  fault  of  theirs."    1  declined  receiving  the  work  or  paying  for  L^ 
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instructed,  after  time  and  opportunity  should  be  at  my  command,  to  lay 
the  whole  subject  in  a  proi)er  light  l>efore  the  engineer  department.  I 
may  say  here  that  I  have  been  favored  with  much  argument  to  show 
that  the  pier  must  have  careened,  sunk,  and  been  twisted,  even  had  it 
been  put  in  according  to  government  plans.  Theories  have  been  ad- 
vanced upon  "peculiar  currents  there  under  these  violent  northeast 
storms,"  and  when  I  have  asked,  "  Have  you  ever  been  there,  or  heard 
one  say  that  he  had  been  there,  during  one  of  the  storms  and  witnessed 
the  current  you  speak  off  the  answer  has  invariably  been  '*  No ;  no 
one  can  get  there,  or  stand  there  to  witness  in  such  stonns." 

Go  the  30th  of  December,  1867,  the  inspector  reported  as  follows : 
"During  the  recent  northeast  gale,  the  most  violent  experienced  this  sea- 
son—and, I  may  add,  for  many  seasons — at  the  close  of  which  the  water 
was  three  to  four  feet  lower  than  ever  known,  the  finished  portion 
(the  258  feet  inner  part,)  settled  over  to  the  north  so  as  to  thrust  the 
piles  up  through  the  planking  firom  two  to  three  feet.  This  process  of 
careening  from  undermining  has  been  going  on,  extending  gradually 
vestwardly  from  the  outer  or  eastern  end  of  the  pier,  with  each  and 
every  recurring  northeast  gale,  which  exceeded  in  force  the  gale  in  Sep- 
tember last,  which  first  undermined  and  careened  the  pier  some  four  to 
five  feet,  until  it  had  reached  some  22^  feet  out  of  line  at  eastern  end. 
This  process  has  gone  on  uninfluenced  by  the  piles,  driven  or  uncbnven, 
the  piles  driven  being  unequal  to  the  careening  pressure  of  the  cribs 
after  the  foundation  had  been  washed  away  beneiith  them  to  the  depth 
varying  from  2  to  15  feet,  commencing  at  outer  end  and  going  inwards.'' 
"I  write  thus  fully  in  closing  the  year's  report  in  consideration  of  the 
bearing  these  facts  may  have  in  enabling  you  to  come  to  a  satisfactory 
conclusion  in  your  settlement  with  the  contractors,  and  also  for  the 
liearing  they  may  have  in  future  operations  at  this  harbor." 

The  condition  of  the  work  put  in  by  Vincent  &  King,  as  thus  re- 
ported, up  to  December  30,  is  as  clearly  as  possible  represented  in  dia- 
gram No.  5,  sketch  C. 

I  have  already  explained  how  the  piles  were  stuck  in  and  driven  from 
top  of  sui)erstructure,  and  it  is  not  surprising  that,  put  in  in  this  man- 
ner, they  should  have  had  but  partial  effect  to  prevent  the  careening. 
The  question  at  issue  between  the  government  and  Vincent  &  King,  is 
not  whether  the  piles  would  have  kept  the  work  from  careening ;  the 
question  is,  how  far  Vincent  &  King  are  to  be  paid  for  work  they  put 
in  not  in  accordance  with  the  plan  they  contracted  upon!  I  think  I  have 
now  given  all  the  facts  bearing  upon  the  question. 

The  remedy  I  would  propose  is  this :  Settle  with  Vincent  &  King 
UjWQ  a  basis  set  forth  in  one  of  the  chapters  under  the  head  of  "  state- 
ment," attached  to  this  report,  and  make  use  of  the  existing  work  of 
Vincent  &  King  as  a  "  bi'eakwater  "  to  shelter  and  protect  an  interior 
work  to  be  put  on  the  inside  of  their  work. 

The  work  I  would  put  in  is  the  close-pile  pier,  filled  with  brush  in  bun- 
dles up  to  the  low-water  level,  and  the  superstructure  to  be  filled  with 
rubble-stone  and  planked  over.  The  work  should  start  at  a  imut  about 
250  teet  from  the  end  of  the  old  i)ier,  and  extend  out  to  12  feet  water 
— refen-ed  to  low-water  stage.  The  work  would  be  about  250  feet  in 
length,  and  should  be  18  feet  feet  wide  from  out  to  out,  and  rise  six  feet 
above  the  low-water  level.  It  could  be  legally  built  under  the  existing 
contracts,  all  but  furnishing  the  brush,  which  would  have  to  be  adver- 
tised for,  and  would  cost,  according  to  the  prices  in  the  contracts,  and 
to  what  I  estimate  the  brush  at,  ($50  per  cord,)  $12,495  89. 

The  cix>ss  section  of  the  work,  as  well  as  the  general  plan,  are  repre- 
sented on  sketch  D,  herewith  sent. 
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Every  foot  of  work,  I  find,  would  cost  $50,  and  it  will  therefore  be 
easy  to  tell  how  much  more  or  less  than  the  above  sum  it  would  cost 
as  we  should  find  it  necessary  to  exceed  or  fall  short  of  250  feet  runiring 
of  the  work. 

I  have  the  honor  to  be,  very  respectftiUy,  your  odedient  servant, 

T.  J.  ORAM, 
Colonel  Engineers^  Brevet  Major  General, 

Brevet  Major  General  A.  A.  Hi^^iphreys, 

Brig,  Gen.  Chief  of  Engineers  tf,  8.  A., 

Headquarters  Corps  of  Engineers. 

P.  S. — I  would  add  that  Vincent  &  King  have  claimed  to  do  the  worl 
which  may  be  adopted  to  remedy  the  evil  under  their  contract.  I  should 
not  object,  and  really  think  the  lesson  they  have  received  will  teacl 
them  never  again  to  depart  from  the  plans  of  the  engine^er. — T.  J.  CL 


Statement  of  materials  and  work  deUvered  and  claimed  to  have  hetn  don 
by  contro/ctors  for  extension  of  north  pier^  Erie  harbor^  Pa.j  drawn  u 
from  official  returns  of  tlie  inspector^  Irvin  Camp. 

1.  Suppose  a  settlement  upon  the  basis  of  the  United  States  coi 
senting  to  accept  the  work  tis  i)ut  in  by  the  contractors,  Vincent  &  Kin^ 
paying  Brooks  &  Adams  for  all  the  timber  and  lumber  the  inspector  ha 
returned  a*s  having  been  delivered  by  them  for  the  work,  whether  fui 
nished  by  Brooks  &  Adams,  the  proper  contractors,  or  by  Vincent  ^ 
King,  as  sub-contractors  under  Brooks  &  Adams,  paying  Vincent  I 
King  (the  proper  contractors)  for  all  the  spikes,  nails  and  piles  the 
furnished,  and  paying  the  proper  contractor  (Loveday)  for  all  iron  fui 
nished,  whether  ordered  by  the  engineer  officer  in  charge,  or  by  Vinceii 
&  King,  and  paying  Vincent  &  King  for  all  work  done  by  them  a 
returned  by  the  inspector  of  timber  and  limiber.  Mr.  Camp  returns  f 
having  been  delivered  i»  all  by  Brooks  &  Adams,  contractors,  (an 
Vincent  &  King  sub-con  tractors  under  Brooks  &  Adams,)  uj)  to  31 
December,  1867 : 

Square  timber.  39,676,  (»)  running  feet 457,044  ft.,  b.  - 

Joists,  plank,  Doards,  scantling,  (liunber) 34,297  ft.,  b. 

Total 491,341  ft.,  b. 

And  left  on  hand,  of  the  latter 10,240  ft.,  b. 

Mr.  Camp  also  returns  as  having  been  put  into  the  pier  by  Vinc^ 
&  King,  (contractors  for  the  work,)  up  to  December,  1867,  as  follows 

Joists,  planks,  scantling,  and  boards  to  the  amount  of  22,869  f^^* 
board  measure.  Now  observe  the  difference  existing  between  this  am. 
the  difference  between  the  amount  delivered  and  the  amount  on  ham" 
leaves  an  amount  lost  or  wasted,  of  1,188  feet  board  measure,  whiclm  . 
the  contract  prie^  of  $24  50  i>er  M,  comes  to  $29 10,^  which  would  be 
proper  item  of  debit  against  Vincent  &  King.  Again,  Mr.  Camp  returu; 
as  having  been  put  into  the  work  exchuUng  piles,  in  all,  up  to  3lst 
December,  1867,  28,400  running  feet  square  timber  under  water,  and 
10,605  ninning  feet  of  ditto  above  water,  both  amounting  to  39,005  (^) 
running  feet. 

Now  observe:  the  difference  between  (»)  and  (^)  is  671  running  feet 
equal  to  8,052  feet  board  measiu'e,  and  is  the  amount  less  put  into  tin 


fiEPOaX   OF   THE   SECRETARY   OF   WAR.  173 

work  tban  delivered;  and  Mr.  Cainp  reports  no  timber  on  hand  31st 
December,  1867;  consequently  Vincent  &  King  must  have  lost  or  their 
workmen  wasted  8,052  feet/board  measure,  of  square  timber  at  $24  50  per 
M,  amounting  to  $197  27f),  and  this  also  becomes  a  proper  debit  item 
against  Vincent  &  Ejng.  Again,  the  government  plans  called  for  a 
8i)ecified  number  of  sticks  of  timber,  25  feet  and  upwards  in  length,  to 
the  amount  of  205,200  feet,  board  measiu'e,  the  price  of  which  was  $34, 
and  the  price  for  all  under  25  feet  was  $24  50  per  M.  Now  I  have  already 
bad  to  pay  to  Brooks  &  Adams,  (the  only  contractors  recognizable  for 
furnishing  the  timber  and  lumber,)  for  sticks  of  25  feet  length  and 
upwards  to  theamoimt  of  218,028  feet,  board  measure,  making  an  excess 
of  long  sticks,  over  and  above  what  the  government  plans  called  for,  of 
12,828  feet,  board  measure.  This  excess  is  in  consequence  of  the  contract- 
ore  (Vincent  &  King)  having  framed  the  cribs  contrary  to  the  government 
plan,  in  putting  long  and  higher  priced  timber  where  short  and  lower 
priced  sticks  were  planned  to  go  in  the  structure.  The  dift'erence  in 
price  between  the  long  and  short  timber  is  $9  50  per  M.  and  this 
excess  will  amount  to  12,828x$9=$121  87(3),  and  trhis  becomes  a 
proi)er  item  of  debit  against  the  contractors,  Vincent  &  King. 

The  three  items  (^)  (^)  (^)  of  debit  thus  made  out,  it  wiB  be  seen, 
ainoont  to  $348  24(^),  and  this  should  be  paid  by  Vincent  &  King, 
U])on  the  basis  of  settlement  now  under  consideration  in  chapter  I. 

Again.  For  the  whole  pier  extension  of  480  feet,  the  government 
plans  called  for  478,273  feet,  board  measure.  Of  this,  however,  I  had 
ordered  from  and  paid  Brooks  &  Adams  for  furnishing  ayd  delivering 
only  440,308  feet,  board  measure,  when  I  learned  of  the  continued  depart- 
ure from  the  government  phins  in  the  execution  of  the  work;  the  differ- 
ence between  this  and  491,341  feet,  board  measure,  which  has  actually 
l»een  furnished  by  Brooks  &  Adams,  and  their  sub  contractors,  Vincent 
^'  King,  is  50,973  feet,  board  measure.  And  upon  the  basis  of  settle- 
ment under  consideration  the  United  States  would  be  ui  debit  to  Brooks 
&  Adams  for  this  item,  amoimting,  at  $24  50  per  M,  to  $1,248  84(*),  and 
^  the  owner  of  the  10,240  feet,  board  measure,  of  the  lumber  on  hand 
and  not  used  up. 

SPIKES  AND  NAILS. 

The  government  plan  required  600  pounds  wrought  spikes  and  224 
])()aiids  lOd,  cut  nails,  and  for  furnishing  both  Vincent  &  King  were 
the  contractofs,  at  10  cents  per  pound.  Up  to  the  time  of  learning  of 
the  departure  from  the  government  plans,  there  had  been  furnished  by 
my  orders  only  ,728  pounds  spikes  and  nails.  These  I  had  paid  for. 
Tlie  total  spikes  and  nails  returned  by  the  inspector  as  having  been 
famished  by  Vincent  &  King  is  883  pounds,  of  which  they  have  used 
np  in  their  work  623  pounds,  leaving  260  pounds  spikes  on  hand  not 
used  up  31st  December,  1867. 

Upon  the  basis  of  settlement  now  under  consideration,  the  govern- 
ment .would  therefore  have  to  pay  Vincent  &  King  for  105  pounds 
spikes  and  nails  at  10  cents  per  pound,  amounting  to  $10  50(*),  and  be 
the  owner  of  the  260  pounds  spikes  on  hand. 

It  is  to  be  observed  here,  that  the  excess  in  spikes  and  nails  Vincent 
&  King  have  furnished  is  155  pounds  above  what  I  had  ordered  up 
to  the  time  of  leai'ning  the  departure  from  the  government  plans,  and 
the  excess  is  59  pounds  above  what  the  government  idans  required  for 
the  whole  work 
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PILES. 

* 

Of  these  the  inspector  reports  64  as  having  been  delivered  by  Vincent 
&  King,  the  proper  contraetors,  of  which  44  have  been  driven  by  Vincent 
&  King,  as  all  they  can  possibly  drive  in  the  work  put  in  by  them ;  leaving 
20  on  hand  not  used  up  to  December  31,  1867. 

Now  it  is  to  be  observed  that  the  government  plans  required  "30-feet 
sei)arato  cribs"  to  be  sunk,  and  a  pile  immediately  driven  in  each  interior 
corner  of  the  crib,  and  the  crib  to  be  immediately  filled  with  stone — the 
cribs  and  stone  to  come  up  to  the  surface  of  the  water;  and  after  all  the 
cribs  had  been  put  in  and  thus  stayed  with  the  piles  and  stone  ballast, 
the  superstructure  was  to  be  put  on,  filled  with  stone,  and  planked  over. 
But  Vincent  &  King  firamed  their  work  in  cribs  120  feet  long,  sunk  them 
all  end  to  end  in  line  before  driving  a  stay-pile,  making  boxes  in  the 
interior  to  receive  the  piles;  filled  in  the  stone  and  put  on  the  super- 
structure before  driving  a  i^ile;  and  afterwards  undertook  to  drive  the 
piles  from  the  top  of  the  work  down  through  the  boxes,  succeeding  in 
driving  44,  but  failing  to  drive  any  more  in  consequence  of  the  cai-eeniug 
of  the  outer  part  of  the  long  line  of  their  unstayed  crib- work. 

Upon  the  basis  of  settlement  under  consideration,  however,  the  gov- 
ernment would  have  to  pay  Vincent  &  King  for  the  64  piles,  at  $8  per 
pile,  as  per  contract,  amounting  to  $512(^»),  and  would  own  the  20  left 
on  hand. 

IRON. 

The  government  plans  required  for  the  completion  a  specified  number 
of  pounds  of  drift,  bolt-iron,  all  of  which  was  at  once  ordered  by  me,  and 
furnished  by  the  proper  contractor,  James  Loveday.  Further  than  this 
1  neither  ordered  nor  authorized  Vincent  &  King,  nor  any  one  else,  to 
order. 

The  inspector,  however,  returns,  as  having  been  ordered  from  Loveday 
and  put  into  their  work  by  Vincent  &  King,  an  excess  above  what  the  gov- 
ernment i>lans  required  of  2,314  pounds.  Upon  the  basis  of  settlement 
under  consideration,  however,  we  should  have  to  assume  this  item  as  a 
debit  against  the  United  States,  and  pay  Loveday  for  it  under  his  con- 
tract at  5^  cents  per  j)ound,  amounting  to  $118  58('). 

Work  diyixe  by  Vincent  &  King,  the  proper  contraetors  for  doing  all  work. 

The  government  plans  required  for  completion  the  whole  480  feet  pier 
extension,  as  follows:  Dredging  to  pose  the  cribs  on  a  level  bottom  12 
feet  below  water  surface.  The  amount  for  this  was  approximately  esti- 
mated at  833^^  cubic  yards,  but  the  actual  amount  proved  to  be  more. 
The  total  dredged  for  posing  the  crib,  as  returned  by  the  inspector, 
amounts  to  an  equivalent  of  1,566  cubic  yjirds;  of  this,  1,425  cubic  yartls 
was  paid  for  before  learning  of  the  continued  departure  from  the  plans, 
leaving  141  cubic  yards  yet  to  be  paid  for  to  Vincent  &  King  iipon  the 
basis  of  settlement  now  being  considered,  amounting,  according  to  con- 
tract price  of  50  cents  per  yard,  to  $70  50(^). 

TIMBER  AND  LUMBER. 

The  government  plans  required — 

Square  timber  to  l>e  put  under  water,  running  feet 30,618 

Sixty-four  round  piles  to  be  driven,  considered  as  under  water  28 

leet,  running  feet 1,792 
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Square  timber  to  be  put  in  above  water,  running  feet 8,G32 

Joiste,  plank,  scantling,  and  boards,  (which  call  lumber,)  feet, 

board  measure 28,969 

The  inspector  returns  in  all,  as  having  been  put  into  their  work  by 
Vincent  &  King,  up  to  December  31,  1807,  as  follows; 

Square  timber  put  in  under  water,  running  feet 28,400 

Driving  of  44  piles,  as  under  water,  averaging  28  feet,  running 

feet 1,232 

S<]uare  timber  put  in  above  water,  running  feet 10,605 

Joists,  plank,  scantling,  and  boards,  (which  call  lumber,)  feet, 

board  measure 22,869 

Of  these  items  I  paid,  before  I  learned  of  the  departure  from  the  plans, 
what  was  returned  to  me  by  the  inspector,  for  putting  in  square  timber 
under  water,  6,645(p)  running  feet ;  scantling  and  boards  2,084f p)  feet, 
boanl  measure;  lea\ing,  according  to  this  basis  of  settlement,  to  oe  paid 
to  Vincent  &  King,  for  putting  in  under  water  of  square  timber,  includ- 
ing the  driving  of  44  piles,  22,987  running  feet,  at  15  cents,  $3,448  05(»); 
pntting  in  square  timbers  above  water,  10,605  running  feet,  at  10  cents 
per  running  foot,  $1,060  50('®);  framing,  fitting,  fastening  joists,  planks, 
mantling,  and  boards,  (which  call  lumber,)  20,785  feet,  board  measure, 
at  m  i>er  M,  $207  85("). 

STONE  WORK. 

The  government  plans  required,  for  the  whole  extension  of  480  feet, 
W4J  cords. 

The  inspector  returns,  as  having  been  put  by  Vincent  &  King  into 
their  work,  in  all,  827-j^  cords.  Of  this,  I  had,  before  learning  of  the 
de[)arture  from  the  government  i)lans,  paid  for  140(p)  cords;  and  this 
wonld  leave  yet  to  be  paid  for,  according  to  this  basis  of  settlement,^  to 
Vincent  &  King,  dSl^^^  cords,  at  $13  per  cord,  as  per  contract  price, 
amounting  to  $8,936  54(**).  All  has  now  been  stated  for  which  Vincent 
&  King  have  received  any  pay,  marked  (p),  (p),  (p).  Soon  after  making 
the  payments  to  them,  as  stated,  I  learned  by  special  inquiry  from  the 
in8i)ector  that  Vincent  &  King  had  not  driven  the  piles  to  stay  the  four 
30  teet  cribs  which  I  had  supposed  they  had  put  in  under  water;  not 
dreaming  even  then  that  they  had  framed  and  put  in  a  120-feet  instead 
of  four  30- feet  cribs.  On  learning  the  condition  of  things,  I  immediately 
uotilied  them  through  the  inspector  that  I  would  not  pay  for  any  more 
work,  under  or  above  water,  that  did  not  conform  to  the  government 
plans  imd  specifications  with  which  they  had  been  furnished  before  com? 
mencing  their  work. 

This  notice  was  given  to  them,  so  the  inspector  has  since  informed 
me.  And  here  is  a  proper  plaee  to -say :  after  the  contractors  fordoing 
the  work  (Vincent  &  King)  received  the  government  plans  with  the 
hills  of  materials  and  specifications^  they  departed  materially  from  these 
plans,  not  only  without  my  authority,  but  after  I  learnt  of  titie  departure 
and  notified  them  of  the  risk  they  were  taking,  and  especially  advised 
Mr.  Vincent  in  my  office  to  the  contrary,  they  persevered,  assuming  the 
risk  of,  and  upon  their  own  responsibility  putting  in  the  work  ux>on  their 
own  method,  using  the  government  materials  already  funiished  for  the 
government  plans,  and  supplying  the  deficiency  this  necessitated,  them- 
selves, as  sab-contractors  for  executing  their  method ;  presuming  that  I 
would  pay  Brooks  &  Adams  for  the  excess  of  timber  and  lumber  under 
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their  contract  to  any  amount  that  might  be  required  to  execute  the 
extension  upon  the  method  adopted  by  Vincent  &  King  for  putting  ia 
the  work. 
The  summing  up  is  as  follows : 

Debit  Vincent  &  King  with  item  (») $29  10 

Debit  Vincent  &  King  with  item  (^) 197  27 

Debit  Vincent  &  King  with  item  (^) 121  87 

Credit  Brooks  &  Adams  with  item(*) 1, 248  84 

Credit  Vincent  &  King  with  item  (*) 10  50 

Credit  Vincent  &  King  with  item  («) 512  00 

Credit  James  Loveday  with  item  (') 118  58 

Credit  Vincent  &  King  with  item  («) 70  50 

Credit  Vincent  &  King^with  item  (») 3,  448  05 

Credit  Vincent  &  King  with  item  (*«) 1,  O^JU  50 

Credit  Vincent  &  King  with  item  (») 207  85 

Credit  Vincent  &  King  with  item  (»«) 8, 938  54 

The  diflference  between  the  sum  of  the  positives  and  the  sum  of  the 
negatives  is  $15, 2G7  12,  (it^m  ^\) 

And  tliis  is  the  sum  total  that,  upon  this  basis  of  settlement,  the  gov- 
ernment would  yet  have  to  pay  and  be  the  owner  of  materials  on  hand 
not  used  up,  costing  $436  88. 

Now  Vincent  &  King  request  me  to  pay  the  full  amount,  item  (*^),  the 
same  as  if  they  had  put  in  the  work  upon  the  government  plan,  which, 
for  reasons  fully  stated,  I  have  refused  to  do  so. 

II.  Another  mode  of  settlement  would  be  to  credit  the  whole  of  item 
(^3),  and  debit  Vincent  &  King  with  such  a  sum  a«  will  leave  a  balance 
in  their  favor,  which  would  be  an  equivalent  to  what  the  work  they 
have  put  in  is  worth  to  the  harbor.  1  made  out  upon  this  basis  the  sum 
which  I  thought  should  be  deducted,  and  found  it  to  be  $7,833  40, 
whicli  deducted  from  item  (*^),  left  $7,433  66  as  a  balance  to  be  paid  by 
the  United  States,  and  I  proposed  to  pay  this  provided  I  should  be  so 
authorized  by  the  engineer  department,  but  Vincent  &  King  declined. 
This  would  have  left  the  present  work  put  in  by  them  to  cost  the  United 
States  $25,394  69,  quite  as  much,  in  my  opinion,  as  it  is  worth,  consid- 
ering that  the  work  complete,  according  to  the  government  plans  would 
have  cost  only  $33,499  59. 

III.  Suppose  a  settlement  upon  the  following  basis  of  allowing  for  the 
existing  work  of  Vincent  &  King  what  it  is  worth,  toward  a  proper 
improvement  of  the  harbor : 

1.  The  existing  work,  say  from  end  of  old  pier  for  about  258  feet  of  it, 
may  be  regarded  as  good  a  protection  a«  far  a^s  it  goes,  to  the  new  chan- 
nel, (should  no  more  careening  take  place,)  as  may  be  desired,  though  a 
very  bad  show  for  an  engineering  work. 

2.  The  outer  240  feet  of  the  existing  w-ork,  nearly  all  under  water 
and  much  careened  and  sunken,  affords  but  little  protection  to  vessels 
entering  in  a  gale  the  newly  dredged  channel,  but  will,  for  some  con- 
siderable time,  serve  to  prevent  this  channel  from  again  filling  with 
sand;  and  it  will,  with  the  other  i)ortion,  alibrd  a  good  breakwater  to 
cover  the  construction  I  shall  propose  to  put  under  it«  lee  on  south  side 
of  it,  to  remedy  the  CAil  of  Vincent  &  King's  bad  construction.  In  the 
character  of  a  breakwater,  therefore,  for  the  future  safety  of  a  proper 
construction,  and  for  protecting  the  entrance  of  vessels  in  a  gale,  the 
outer  240  feet  of  the  existing  work  is  certainly  worth  considerable 
to  the  harbor  improvement,  even  though  it  should  careen  so  as  to  rest 
on  the  diagonal  and  sink  even  lower  than  it  now  lies. 
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Therefore,  suppose  we  allow  them,  for  all  in  the  interior  portion  of  258 
feet,  the  same  as  if  they  had  followed  the  government  plans.  Hence  on 
and  for  this  there  would  stand  to  their  credit,  as  returned  by  the  inspec- 
tor, for  putting  in  8,887  running  feet  square  timber  (including  driving 

32piles)  under  water,  at  15  cents $1,333  05 

Patting  in  4,624  running  feet  square  timber  above  water, 

at  10  cents 462  40 

fntting  in  14,993  feet,  board  measure,  at  $10 149  93 

Putting  in  309J  cords  stone,  at  $13 4,021  33 

Pttmishing  32  white-oak  piles,  at  $8 256  00 

In  regard  to  the  outer  240  feet  of  their  work,  I  think  this  is  worth  to 
tte  harbor  not  more  than  the  stones  in  it ;  amounting,  by  the  inspec- 
tors return,  to  378J  cords,  which,  at  the  contract  price  of  $13,  comes 
to  14,917  25. 

Sappose  we  put  this  to  their  credit,  we  should  also  place  to  their 
credit  item  (^)  and  item  ("),  both  amounting  to  $81. 

In  this  outer  part  of  240  feet  there  have  been  used  up  of  government 
naterials,  (ordered  by  me  and  put  into  their  hands  before  I  learned  of 
their  departure  firom  the  government  plans,)  timber  and  lumber  costing 
13,^  80,  iron  costing  $786  17,  and  piles  costing  $96;  in  all,  $4,526  97. 
8iq>po6e  we  place  this  to  the  debit  of  Vincent  &  King,  and  suppose 
teatooput  to  their  debit  items  (^),  (*),  ('),  amounting  to  $348  24;  and 
iu^w  item  (^)  and  item  (^),  these  last  having  been  ordered  or  ftir- 
tt^ied  by  them  without  my  authority.  This  mode  oi  settlement  would 
have  a  balance  in  their  favor  of  $6,345  76,  and  the  materials  on  hand 
to  belong  to  the  United  States.  K  to  this  sum  we  add  $17,898  11, 
which  has  already  been  paid  for  materials  and  work,  we  should  have 
4e  cost  to  the  United  States  of  the  existing  work,  such  as  it  is,  amount- 
ing to  $24,243  87. 

I  know  of  no  way  under  the  contract  to  settle  with  Vincent  &  King, 
ttapt  upon  one  of  the  three  modes  now  explained  in  Chapters  I,  II, 
01;  and  to  enable  me  to  pay  them  upon  either,  I  should  have  to  ask  for 
Jrthority  firom  the  proper  source,  and  for  instructions  as  to  which  basis 
I  Aonld  make  out  the  vouchers  upon,  to  have  them  pass^to  my  credit. 
The  whole  is  now  respectfully  submitted  for  instructions. 
I  have  the  honor  to  be,  very  respectfully, 

T.  J.  CRAM, 
Colonel  Ungitieers,  Brevet  Major  General. 

Brevet  Major  General  A.  A.  Humphreys, 

Brigadier  General,  Chief  Engineers  U.  S.  A,y 

Headquarters  Corps  of  Engineers. 


C  6. 


Headquarters  Corps  of  Engineers, 

Washington,  D.  C,  March  14,  1868. 

P^^^^^^'  "^^  appropriation  of  $25,000,  made  March  2,  1867,  for 
■  ^ugTto oute^h " *^^  extending  the  pier-'  and  ^'dredging  channel 

♦e'drEft^^  with  that  requirement  the  channel  in  Brie  bay  should 
into  the  w  ft^  to  give  it  a  depth  equal  to  that  of  the  channel  leading 
or  12i  fi^t^^  ^^  ^a^^  over  or  through  the  outei:  bar;  that  is,  12  feet 

iTt  ''V'^^tever  the  depth  may  be. 

^  ^— Part  II 
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It  is  represented  here  by  a  committee  appointed  by  the  city  authorities 
of  Erie^  that  the  wants  of  commerce  pressingly  need  that  increase  of  depth 
in  the  inner  channel.  You  will  accordingly  proceed  to  execute  the  work 
at  the  earliest  day  practicable,  having  due  reference  to  economy  as  well 
as  to  the  pressing  wants  of  commerce,  and  also  to  the  requirements  of 
the  appropriation  act  iu  regard  to  contracts. 

The  dimensions  of  the  improved  channel-way,  and  the  manner  and 
order  of  executing  the  work,  should  have  reference  to  aflfording  the  ear- 
liest facilities  to  navigation  and  to  the  least  expenditure  requisite  to 
supply  its  wants,  keeping  in  view  the  necessity  of  further  expenditure 
upon  the  north  pier. 

Very  respectfullv,  your  obedient  servant, 

A.  A.  HUMPHEEYS, 
Brigadier  General  o/EngineerSy  Commanding. 

Brevet  Major  General  T.  J.  Cram, 

Colonel  of  Engineers^  Detroit^  Michigan. 


C  7. 

Detroit,  Michigan,  March  27, 1868. 

General:  I  have  the  honor  to  transmit  herewith  the  proceedings  of 
the  board  of  engineers  convened  by  virtue  of  Special  Orders  No.  28, 
headquarters  corps  of  engineers,  March  5, 1868. 

I  am,  general,  very  respectfully,  your  obedient  servant, 

F.  HARWOOD, 
Capt.  Engineers^  Brevet  Lieut.  Col.  U.  8.  -4..,  Recorder, 

Brevet  Major  General  A.  A.  Humphreys, 

Chief  of  Engineers, 


Proceedings  of  a  hoard  of  engineers  convened  by  virtue  of  the  following 

order: 

[Special  Orders  No.  2S.] 

Headquarters  Corps  of  Engineers, 

Washington^  D.  C,  March  5,  18G8. 

A  board  of  engineers  will  meet  at  Detroit,  Michigan,  on  Wednesday, 
18th  of  March,  1868,  or  as  soon  thereafter  as  practicable,  to  examine  into 
the  causes  of  the  careening  of  the  pier  at  the  entrance  to  the  harbor  of 
Brie,  Pennsylvania,  and  the  interruption  to  its  completion. 

The  board  will  report  upon  the  facts  of  the  case,  and  will  submit  its 
views  upon  the  subject,  and  also  as  to  the  character  of  the  structure 
suitable  for  piers  at  the  locality,  and  the  precautions  that  should  be 
taken  in  their  construction,  and  the  accessories,  if  any,  needed  for  their 
security. 

The  board  will  also  submit  its  views  as  to  the  best  method  of  proceed- 
ing with  the  improvement  of  the  harbor. 

After  having  collected  all  the  information  afforded  by  the  engineer 
office  at  Detroit,  Michigan,  in  the  possession  of  Colonel  and  Brevet 
Major  General  T.  J.  Cram,  corps  of  engineers,  the  board  will  proceed  to 
Erie,  Pennsylvania,  and  complete  the  examination  at  that  place. 

The  report  will  be  made  at  Brie  or  Detroit,  as  the  board  may  find 
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most  advisable,  returning  to  the  latter  place,  if  necessary,  for  that 
purpose. 
The  board  will  be  composed  of  the  following  members,  namely : 
Colonel  and  Brevet  Colonel  J.  N.  Macomb,  corps  of  engineers ;  Lieu- 
tenant Colonel  and  Brevet  Major  General  John  Newton,  corps  of  engi- 
neers ;  Lieutenant  Colonel  and  Brevet  Brigadier  General  W.  F.  Eaynolds, 
corps  of   engineers ;  Lieutenant  Colonel  and  Brevet   Colonel  C.  B. 
Blunt,  corps  of  engineers ;  Major  and  Brevet  Colonel  J.  B.  Wheeler, 
coq>s  of  engineers.    Captain  and  Brevet  Lieutenant  Colonel  F.  Harwood, 
corps  of  engineers,  will  act  as  recorder. 
By  command  of  Brigadier  General  Humphreys.  * 

THOMAS  LINCOLN  CASEY, 
Major  of  Engineers  and  Brevet  Colonel  U.  8,  A. 


Detroit,  Michigan, 
Wednesday  J  March  18, 1868—10  a.m.* 

The  board  met  in  obedience  to  the  above  order. 

Present :  Colonel  and  Brevet  Colonel  J.  N.  Macomb,  corps  of  engi- 
neers ;  Lieutenant  Colonel  and  Brevet  Brigadier  General  W.  F.  Ray- 
noids,  corps  of  engineers ;  Lieutenant  Colonel  and  Brevet  Colonel  C.  E. 
Blunt,  corps  of  engineers ;  M^or  and  Brevet  Colonel  J.  B.  Wheeler, 
corps  of  engineers ;  Captain  and  Brevet  Lieutenanjt  Colonel  F.  Harwood, 
corps  of  engineers,  recorder. — Absent :  Lieutenant  Colonel  and  Brevet 
Major  General  John  Newton,  corps  of  engineers. 

The  cause  of  General  Newton's  absence  not  known. 

The  board  proceeded  to  an  informal  consideration  of  a  sketch  and 
papers,  furnished  for  their  information  on  the  subject  of  the  careening 
of  the  pier  at  the  entrance  of  the  harbor  of  Erie,  Pennsylvania,  by 
Colonel  and  Brevet  Major  General  T.  J.  Cram,  corps  of  engineers,  engi- 
neer in  charge  of  the  work  at  that  place.  Awaiting  the  arrival  of  the 
absent  member,  the  board  adjourned  at  12.30  a.  m.,  to  meet  in  the  after- 
noon of  ihe  same  day. 

Deteoit,  Michigan, 

March  18, 1868—3  p.  m. 

The  board  reassembled.  Present  all  the  members,  excepting  Lieute- 
nant Colonel  and  Brevet  Major  GeneralJohnNewton,corps  of  engineers, 
not  yet  arrived. 

The  board  resumed  the  informal  consideration  of  papers  and  sketches 
connected  with  the  subject  of  the  piers  at  Erie,  Pennsylvania,  and  at 
5  p.  m.  adjourned  until  9  a.  m.  the  following  day,  March  19, 1868. 

Deteoit,  Michigan, 

March  19, 1868—9  a.  m. 

The  board  met  in  pursuance  of  adjournment.  Present,  all  the  mem- 
bers, including  Lieutenant  Colonel  and  Brevet  Major  General  John 
Xewton,  corps  of  engineers,  who  had  been  unavoidably  detained  by 
nulroad  detention. 

The  board  then  in  formal  session  proceeded  to  take  up,  read,  and  con- 
sider, in  connection  with  their  appended  drawings,  the  following  papers : 

A  memorandum  by  Colonel  and  Brevet  Major  General  T.  J.  Cram, 
corps  of  engineers,  reciting  the  history  of  the  improvement  of  the  har- 
bor of  Erie,  Pennsylvania,  while  under  his  charge. 
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General  Cram's  reports  on  Erie  harbor,  Pennsylvania,  of  dates  as 
follows:  Report  November  12, 1864;  annual  reports  18ft5,  1866,  1867; 
report  1867  on  increasing  depth  of  lake  harbors,  (so  much  as  applied  to 
Erie  harbor;)  8i>ecial  report,  February  28,1868;  engineer  department 
letter  of  September  12, 1866,  directing  General  Oram  to  extend  north 
channel  pier,  Erie  harbor,  Pennsylvania,  500  feet  in  crib- work. 

All  of  the  above-mentioned  papers  having  been  laid  before  the  board 
for  their  consideration,  by  Colonel  and  Bi'evet  Major  General  T.  J. 
Cram,  corps  of  engineers,  in  accordance  with  the  provisions  of  the  order 
convening  the  board,  after  full  discussion  and  the  hearing  of  verbal 
statements  on  the  matter  in  question  from  General  Cram,  at  1  p.  m.  the 
board  took  a  recess  until  2.30  p.  m.  The  board  then  resumed  the  sub- 
ject of  tiie  careening  of  the  pier  at  Erie,  Pennsylvania,  as  set  forth  iii 
General  Cram's  special  report  of  February  28,  1868,  and  examined  the 
contract  between  General  Cram  and  Vincent  &  King,  the  contractors 
for  the  pier's  extension,  referring  to  the  detailed  plans  with  explanatory 
notes  attached. 

The  board  also  considered  General  Cram's  letters  of  instruction  of 
various  dates  to  his  inspectors  at  Erie,  Pennsylvania,  concerning  the 
manner  of  construction  of  the  pier  extension  and  the  circumstances  of 
its  careening.  After  due  discussion  of  the  subject,  at  4.30  p.  m.  the 
board  adjourned  until  9  a.m.  the  next  day,  March  20, 1868. 

Detroit,  MiCHiaAN, 

March  20, 1868—9  a.  m. 

The  board  met.    Present,  all  the  members. 

The  board  having  collected  and  discussed  all  the  information  afforded 
by  the  engineer  office  at  Detroit,  Michigan, in  General  Cram's  posse^ssiou, 
at  10  a.  m.  adjourned  to  meet  at  Erie,  Pennsvlvania,  on  Monday,  March 
23, 1868. 

Erie,  Pennsylvania, 

March  23,  1868—7.30  p.  m. 

The  board  met  in  pursuance  of  adjournment,  present  all  the  members, 
and  adjourned  to  ^isit  the  careened  pier  at  the  e'ntrance  of  the  harbor 
at  9  a.  m.  the  following  day,  the  24th. 

Erie,  Pennsylvania, 

March  24,  1868—9  a.  m. 

The  board  met  in  pursuance  of  adjournment.  Present,  all  the  mem- 
bers, and  proceeded  to  the  careened  pier  at  the  mouth  of  the  harbor, 
and  after  examining  it  thoroughly,  returned  to  the  city.  Mr.  Vincent, 
one  of  the  contractors  for  the  construction  of  the  careened  pier,  was 
then  called  before  the  board,  and  was  subsequently  joined  by  his  part- 
ner, Mr.  King.  Mr.  Vincent  recited  the  progress  of  the  work,  his 
instructions  from  General  Cram  and  from  Mr.  Camp,  General  Cram's 
inspector  at  Erie.  Pennsylvania,  at  the  time  of  the  construction  of  the 
pier  extension,  anil  also  his  (Mr.  Vincent's)  understanding  of  the  degree 
of  authority  of  Mr.  Camp  as  to  giving  orders  to  the  contractors,  and 
changing  details  in  the  plan  of  the  work.  Mr.  Vincent  having  concluded 
his  statements,  Mr.  Camp,  formerly  inspector  at  Erie,  Pennsylvania,  for 
General  Cram,  was  called,  and  with  him  Mr.  Dunlap,  the  contractors' 
foreman  superintending  the  work.  Mr.  Dunlap  stated  his  instructions 
as  to  the  detail  of  construction,  and  the  manner  in  which  the  cribs  were 
actually  constructed  and  filled,  and  narrated  the  progress  of  the  careen- 
ing and  settling  of  the  work,  and  his  project  for  righting  it.    Being  also 
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an  old  resideut^  he  likewise  related  the  history  of  former  constructions 
in  the  same  vicinity.  Mr.  Camp,  formerly  inspector  of  the  work  of  pier 
extensions  at  Erie,  Pennsylvania,  presented  to  the  board  his  original 
uistnictions  as  to  carrying  on  the  work,  which  were  read.  He  also 
stated  his  understanding  of  his  position  as  inspector  of  the  work,  and 
the  extent  of  his  authority,  and  his  recollection  of  the  purport  of  General 
Cram's  remarks  to  himself  and  the  contractors,  made  in  May,  1867, 
eoQcerning  the  length  of  the  cribs,  and  the  contractors'  proposed  plan 
of  joining  four  cribs  in  one  section.  He  likewise  replied  to  general 
qoet^ons  from  the  board  as  to  the  progress  of  the  construction,  and 
drniging  in  connection  with  it.  Having  completed  its  examination  and 
iflvestigpations  at  Erie,  Pennsylvania,  the  board  adjourned  at  1  p.  m.  to 
meet  at  Detroit,  Michigan,  on  the  following  day,  March  25,  at  2.  p.  m. 

Detroit,  Michigan, 

March  25,  18G8— 2  p.  m. 

Tlie  l)oanl  met  in  i>ursuance  of  adjournment.    Present,  all  the  mem- 

liers. 

General  Cram  was  called  upon  to  state  to  the  board  what  written 
twtTuctions  he  had  given  to  his  inspector  oi  the  contractors  at  Erie, 
Pennsylvania,  as  to  the  period  in  the  process  of  construction  at  which 
the  piles  were  to  be  driven  and  bolted  in  the  corners  of  the  cribs. 

To  this  he  replied  by  referring  to  his  letter-book,  from  which  copious 
ntractswcre  read;  and  after  further  verbal  explanations  on  his  part,  at 
5  p.  m.  the  board  adjourned  to  meet  at  9  a.  m.  the  next  day,  March 
28,1868.  ' 

Detroit,  Michigan, 
March  26, 1868 — 9  a.  m. 

The  board  met  in  pursuance  of  adjournment.  Present,  all  the  mem- 
bers. 

Tive  board  having  fully  examined  into  the  causes  of  the  careening  of 
tlie  pier  at  the  entrance  to  the  harbor  of  Erie,  Pennsjivania,  and  the 
"iterniption  to  its  completion,  after  full  discussion  and  mature  delibe- 
ntionhave  the  honor  to  submit  the  following  report : 

The  board  carefully  examined  all  papers  and  records  in  General 
Oram's  possession  concerning  the  work  of  improvement  at  Erie  harbor, 
yde  a  personal  examination  of  the  pier,  and  questioned  the  contractors, 
jj^srs.  Vincent  &  King,  their  foreman,  Mr.  Dunlap,  and  General 
l^'s  inspector,  Mr.  Camp,  concerning  the  construction  and  putting 
"»Pbceof  the  pier. 

The  board  find  that  a  pier  408  feet  long  was  built  by  Messrs.  Vincent 
*  ^ng,  extending  outward  into  Lake  Erie  from  the  extremity  of  the 

T?^^  pier,  and  in  the  line  of  its  prolongation, 

^^  find  that  the  framing  of  the  timber,  formation  of  the  bottoms  of 
"•^•nbs,  bolting,  filling  with  stone,  and  the  line  of  direction  of  the  pier, 
^m  to  the  plan,  and  instructions  furnished  from  time  to  time  by 
'^eralCram. 

"W'yftnd  that  General  Cram's  plan  required  the  pier  to  be  composed 

^^n^arate  cribs,  each  to  be  30  feet  long,  18  feet  wide,  and  12  feet  high, 

^  ^  continuous  superstnicture  to  be  built  on  these  to  the  height  of  six 

•^inaking  the  pier  18  feet  high  from  top  to  bottom.    Each  crib  to  have 

I!*?  <lriven  in  the  four  inside  corners  and  firmly  fastened  to  the  crib- 
tort 

JJ^yfind  that  the  ex>ntractors,  in  constructing  the  pier,  built  it  in  sec- 
"^<rf  120  feet  long,  excepting  a  short  crib  18  feet  long,  inserted  after- 
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wards,  between  the  old  pier  and  new  work  to  fill  up  an  interval  made 
when  the  first  section  wa«  placed.  These  sections  fulfilled  all  the  con- 
ditions of  General  Cram's  plan,  excepting  that  the  cribs  of  which  they 
were  composed  were  joined  together  in  a  continilous  work  above  the 
third  course  from  the  bottom  instead  of  above  the  twelfth,  as  shown  in 
the  plan.  These  sections  were  successfuUy  placed,  sunk  in  position,  and 
properly  filled  with  stone.  They  find  that  31  stay  piles,  17  piles  on  the 
north  side  and  1^  on  the  south,  were  driven  in  the  comers  of  the  cribs, 
leaving  37  not  driven  in  the  corners  of  the  outer  sections. 

In  September,  1807,  a  heavy  northeast  gale  caused  a  serious  careening 
northward,  which  has  been  aggravated  by  subsequent  storms,  arid  the 
board  find  the  present  appearance  of  the  pier  to  be  as  shown  by  the 
drawing  herewith  attached. 

CAUSES    OF    THE   CAREENING  OF  THE  PIER    AND  THE  INTERRUPTION 

TO  ITS  COMPLETION. 

The  board  find  that  the  cause  of  careening  seems  to  have  been  the 
washing  out  of  the  sand  from  under  the  bottom  of  the  pier  on  the  side 
exposed  to  the  action  of  the  waves  of  the  lake.    The  cribs  of  which 
pier  is  composed  being  only  18  feet  wide,  having  the  stone  ballast  con- 
fined by  the  close  plank  bottom,  settled  along  the  north  side  into  the 
cavity,  which  the  moving  waters  of  the  lake  excavated  into  the  sand, 
and  as  there  was  no  corresponding  action  of  the  water  to  excavate  the 
sand  from  under  the  south  side  of  the  pier,  careening  was  the  conse- 
quence.   Had  the  cribs  been  made  of  sufiQcient  width,  and  with  openings 
for  the  stone  ballast  to  pass  through  to  replace  the  sand,  or  had  a  pro- 
tection 6f  rip-rap  been  placed  sloping  outward  from  the  sides  of  the 
pier  at  the  time  of  filling  the  same,  it  is  probable  that  no  injurious  set- 
tling would  have  occurred  to  the  crib  work;  in  fact,  the  experience  here 
and  at  other  harbors  where  the  lake  bottom  is  sandy  would  seem  to 
render  it  certain  that  the  pier  would  have  been  essentially  safe,  if  the 
above-named  precautions  had  been  adopted. 

The  careening  of  the  pier  was  so  great,  from  the  effect  of  the  Sep- 
tember gale,  as  to  effectually  suspend  all  further  work  toward  complet 
ing  the  outer  half. 

CHARACTER  OF  STRUCTURE  FOR  PIERS,  AND  METHOD    OF    PROCEED- 
ING WITH  THE  IMPROVEMENTS. 

The  board  are  of  opinion  that  by  forming  a  rip-rap  of  stone  on  the  north 
side  of  the  pier,  further  careening  might  be  prevented ;  and  likewise  by 
partially  shitting  the  ballast,  and  by  cutting  a  trench  with  a  dredge, 
close  to  the  channel  side  of  tnat  portion  of  the  pier  designed  to  be  pre- 
served, that  is,  the  first  258  feet,  the  cribs  may  be  brought  from  their 
present  inclinations  into  positions  more  nearly  vertical  on  the  sides. 
The  remaining  portion  of  the  pier,  240  feet,  is  unserviceable  and  cannot 
be  used.  The  board  would  recommend  that  this  portion  be  removed,  as 
no  permanent  structure  can  be  placed  upon  this  line  until  all  the  timber 
has  bi^en  taken  away.  In  their  opinion,  this  removal  can  be  effected  for 
a  sum  not  exceeding  $4,000. 

When  this  removal  has  been  effected  the  pier  should  be  extended 
outwards  into  the  lake,  until  a  depth  of  not  less  than  14  feet  of  water 
be  obtained. 

In  case  this  removal  cannot  be  effected,  the  board  would  recommend 
for  this  portion  that  a  pier  be  constructed  and  placed  south  of  and 
parallel  to  the  present  pier,  and  as  close  to  it  as  possible,  this  pier  to  be 
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jmed  to  the  present  one  by  an  angular  crib,  so  as  to  prevent  a  shoulder 
npon  which  vessels  might  strike  as  they  come  out  of  the  harbor. 

The  baard  are  of  opinion  that  a  structure  resting  on  piles  would  not 
be  proper  for  this  pier,  but  that  the  pier  should  be  composed  of  separate 
cribs,  not  less  than  24  feet  wide,  with  grillage  bottoms,  and  the  pier  ter- 
minated  with  a  proper  pier-head,  with  its  exposed  sides  sheath-piled. 

The  board  are  of  the  opinion  that  the  old  piers  (both  north  and 
mih)  should  be  repaired,  either  by  replacing  the  decayed  timber,  as 
rwomraended  by  General  Cram,  or,  if  the  foundation  is  found  to  be  suf- 
ident  and  the  means  are  available,  by  permanent  stone  superstructure. 

The  old  breakwater,  connecting  the  south  pier  with  the  main  land, 
djould  be  partially  rebuilt  to  its  full  height,  commencing  at  both  extrem- 
ities, and  the  eflfect  carefully  observed,  to  determine  the  propriety  of 
closing  the  entire  opening. 


j:nd  of  report. 

I    Having  completed  its  duties,  at  4  p.  m.  the  board  adjourned  sine  die. 

J.  W.  MACOMB, 
Colonel  JBngineerSy  Brevet  Colonel  U.  8.  A. 
JOHN  NEWTON, 
Lieutenant  Colonel  Engineers^  Brevet  Major  General  U.  8,  A, 

W.  F.  EAYNOLDS, 
Lieutenant  Colonel  Engineers^  Brevet  Brigadier  General  U,  8.  A. 

C.  E.  BLUNT, 
Lieutenant  Colonel  Engineers.  Brevet  Colonel  U.  8.  A. 

J.  B.  WHEELER, 
Major  Engineers,  Brevet  Colonel  U.  8.  A, 
F.  HARWOOD, 
Captain  Engineers,  Brevet  Lieutenant  Colonel  U.  8.  A,,  Recorder, 


0  8. 


United  States  Engineer  Office,  Detroit, 

Michigan,  April  21,  1868. 

SiE:  In  compliance  with  your  orders  of  31st  March  last,  I  have  the 

wwr  to  submit  the  accompanying  "  plans  and  estimates  in  detaiF  for 

**nying  out  the  views  of  the  board  recently  convened,  upon  Erie  harbor. 

Sketch  A  shows  the  "  ripraps''  proposed  by  the  board  on  the  north  side 

^  the  careened  pier.    It  also  shows  the  dredging  proposed  to  be  done 

^J  the  board  to  make  a  trench  on  the  south  side  of  the  interior  part  of 

the  new  extension.    It  also  shows  what  is  recommended  by  the  board 

to  be  taken  up  of  the  outer  part  of  Vincent  &  King's  work.    It  also 

showg  the  plan  and  position  of  the  line  of  the  cribs  proposed  to  be  put 

on  the  south  side  of  this  part,  "in  case  the  240  feet  outer  portion  cannot 

be  taken  up."    A  drawing,  in  elevation,  of  one  ^  these  cribs  is  marked 

B,  and  the  plan  of  the  crib  is  marked  C.    In  case  of  taking  up  the  outer 

240  feet  of  Vincent  &  King's  work,  to  a  depth  of  14  feet  below  low 

*toge  of  water,  the  board  recommended  an  extension  by  cribs  to  a  depth 

of  U  feet  into  the  lake  on  the  prolongation  of  the  part  of  Vincent  & 

King's  work  which  the  board  recommended  to  be  righted  "by  shifting 

the  ballast,  Ac."    For  this  purpose  it  will  require  eight  cribs  30  feet 

long,  and  the  method  of  framing  them  is  sufficiently  shown  by  drawings 
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B  and  G,  and  the  sheathing  of  piles  for  the  pier-head  is  shown  by- 
drawing  D. 

The  pier-head  is  nothing  more  than  the'  outer  crib,  protected  by  piles 
to  be  driven  close  together,  and  rip-rapped  with  stone,  the  piles  to  be 
double-bolted  to  the  end  and  sides  of  the  cribs.  Drawing  E  shows  the 
cross  section  of  the  head  and  riprap  which  is  to  extend  across  the  head 
and  along  the  sides. 

ESTIMATE  OF  COST. 

By  the  abstract  of  bids,  with  a  copy  of  the  advertisement  attached,  it 
will  be  seen  that,  for  all  recommended  by  the  board  in  connection  with 

Vincent  &  Bang's  works,  class  A,  the  estimated  cost  is $7, 976  14 

This  includes  item  nine,  in  the  advertisement,  for  taking  up 
the  outer  240  feet  of  Vincent  &  King's  work.  Cost  of 
extension,  by  eight  new  cribs,  30  by  24  feet,  to  14  feet 

water 15, 186  64 

Superstructure  upon  these  eight  cribs 5, 900  60 

Cost  of  sheath-piling  and  riprapping  pier-head 3, 458  56 

To  which  add  10  per  cent,  for  contingencies 3, 252  19 

Total (»)35,  774  13 


Comparing  this  sum  with  the  sum  $21,000  or  $22,000  set  forth  as 
applicable  to  this  work,  in  orders  2d  April,  from  engineer  headquarters, 
it  will  be  seen  that  we  shall  fall  short  of  funds  to  accomplish  all  of  item 
(*).  Foreseeing  this,  I  did  not  advertise  for  any  new  crib  work,  but 
confined  the  advertisement  to  the  operations  according  to  the  recom- 
mendation of  the  board  upon  Vincent  &  King's  work,  and  interior 
dredging. 

Should  the  outer  240  feet  of  their  work  not  be  taken  up,  but  a  line  of 
piering  be  put  inside  of  it,  as  recommended  by  the  board,  the  estimate 
is  as  follows : 
Cost  of  all,  except  item  nine  in  the  advertisement,  in  reference 

to  Vincent  &  King's  work $3, 821  14 

Cost  of  inner  line  of  eight  cribs,  (one  triangular,)  including 

superstructure 20, 423  29 

Sheath-piling  and  riprapping  pier-head 2, 770  12 

Contingencies,  ten  per  cent 2, 701  45 

Total : (»')29, 716  00 


Neither  will  the  funds  available  accomplish  item  (^).  Again,  to 
repair  the  old  north  and  south  piers,  as  recommended  by  the  board,  will, 
according  to  my  estimate  in  my  annual  report  of  1867,  cost  (<=)$10,000. 

To  partially  rebuild  the  old  breakwater  connecting  the  south  pier  with 
the  shore  or  main  land,  as  recommended  by  the  board,  will  cost,  say 
(*)$18,000.  (The  estimate  for  rebuilding  the  whole  of  this  is  in  that 
annual  report,  and  amounts  to  $23,729.) 

Having  wrought  out  items  (*),  (^),  (%  {%  and  herewith  presented  the 
plans  and  details,  which  I  was  ordered  to  do  towards  carrying  out  the 
recommendation  of  the  board,  I  now  pass  to  reporting  upon  the  subject 
of  the  dredging  in  the  inner  channel,  ordered  in  letter  from  headquarters 
corps  of  engineers,  March  14,  1868. 

By  the  advertisement  and  abstract  of  bids  herewith  sent,  it  will  be 
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seen  tiiat  this  is  ready  to  be  put  under  contract,  Class  B  ha\ing  fallen 
to  the  same  bidders,  Denny  &  Baily,  as  Class  A.  The  place  where  the 
iimer  dredging  is  to  be  done  is  all  fixed,  and  the  amount  to  be  dredged. 
The  snm  of  $6,000  allotted  for  this  in  orders  from  headquarters  corps  of 
engtoeers,  April  2,  will  give  a  channel  about  150  feet  wide,  to  the  pre- 
scribed depth  12  to  12  J  feet. 

The  existing  contract  with  Lee  &  Dunbar  for  dredging  the  outer 
bar,  particularly  designates  the  work  to  be  done  on  it ;  therefore  no 
dredging  in  the  inner  channel  could  be  done  under  that  contract;  accord- 
ing I  had  to  advertise  for  the  inner  channel. 

In  respect  to  the  outer  bar  a  good  channel,  150  feet  wide,  straight  along 
by  the  work,  put  in  by  Vincent  &  King,  was  dredged  out  last  season, 
Md  it  is  reported  officially  to  me  that  this  channel  is  now,  on  the  opening 
of  navigation,  in  excellent  condition. 

Soon  after  receiving  orders  of  2d  April,  I  notified  Lee  &  Dunbar  to 
cease  dredging  on  the  outer  bar. 

As  soon  as  we  take  up  the  outer  part  of  Vincent  &  King's  work, 
which  the  board  recommended  to  be  removed,  of  course  there  will  be 
toger  of  the  new  channel  we  have  over  the  outer  bar  beginning  to  fill 
Dp  again;  their  work,  however  defective,  is  a  present  protection  to  this 
fiew  channel. 

It  will  be  i)erceived  by  the  abstract  of  bids  accompanying  this  report 
tliat  I  am  ready  to  make  the  contracts  for  carrying  out  the  ideas  of  the 
l>oard  as  fer  as  we  have  available  means ;  also  for  dredging  the  inner 
channel.  And  the  articles  of  agreement  will  be  drawn  as  soon  as  I  am 
instructed  to  do  so. 

I  am,  very  respectfully,  your  obedient  servant, 

T.  J.  CRAM, 
Colonel  Engineers  J  Brevet  Major  General. 

^st.  Maj.  Gen.  A.  A.  Humphreys, 

Brig.  Gen.y  Chief  of  Engineers  U.  8.  Amiy. 
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Abstract  of  bids  for  doing  work  at  Erie  harbor,  Pennsifhania, 


Class  A. 


No.  of 
bi<U. 
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C9. 

United  States  Engineer  Office, 

Detroit^  May  8,  1868. 

Sir  :  On  the  21st  ultimo  I  foiwarded  abstract  of  bids  for  Brie  harbor, 
upon  which  Alonzo  D.  Denny  and  D.  E.  Bailey  were  the  lowest.  Your 
letter  of  the  24th  ultimo  came,  directing  me  to  contract  for  ^U  advertised 
for,  except  item  nine.  Class  A.  When  I  notified  Denny  and  Bailey  that 
the  contracts  were  ready  for  signature,  they  declined  the  award,  on  the 
ground  that  item  nine  had  been  exempt.  The  letter  declining  is  herewith 
sent.  I  immediately  made  out  other  papers,  awarding  the  contract  to 
Lee  &  Dunbar,  the  ne»t  lowest,  and  the  only  bidders  remaining  on 
the  abstract.  The  articles  have  been  signed,  and  duplicates,  together 
with  the  bond,  are  herewith  forwarded.  I  notified  Lee  &  Dunbar  that 
the  contract  would  not  be  perfectly  closed  until  approved  by  the  proper 
authority.  If,  therefore,  the  contract  be  approved,  please  notify  at  once, 
and  I  will  order  the  work  to  be  forthwith  commenced.  If  not  approved 
the  work  falls  through  for  .want  of  bidders. 

I  am,  very  respectfully,  your  obedient  servant, 

T.  J.  CEAM, 
Colonel  of  EngineerSj  Brevet  Major  General 

Bvt.  Maj.  Gen.  A.  A.  Humphreys, 

Brig.  Gen,,  Chiqf  of  Engineers  U.  8.  Army. 


Toledo,  April  29, 1868. 

Sir  :  Item  nine  (removing  old  pier  at  Erie)  having  been  taken  from 
the  work  of  improving  Erie  harbor,  we  would  respectfully  decline  the 
award  of  the  balance  of  the  work. 

D.  E.  BAILEY, 
A.'D.  DENNY. 
Major  General  T.  J.  Cram, 

Colonel  Engineers,  Detroit,  Michigan. 

I  certify  tliat  the  above  is  a  true  copy  of  the  original. 

T.  J.  CBAM, 
Colonel  Engineers,  Brevet  Major  General. 


Articles  ofa/greement  entered  into  this  thirtieth  day  of  April,  eighteen  hun- 
dred and  sixty-eight,  between  Brevet  Major  General  T.  J.  Cram,  colonel 
corps  of  engineers,  of  the  one  part,  and  the  firm  of  Lee  &  Dunbar,  of 
Erie,  in  the  State  of  Pennsylvania,  of  tlie  other  part. 

This  agreement  witnesseth,  that  the  said  Brevet  Major  General  T.  J. 
Cram,  colonel  engineers,  for  and  in  behalf  of  the  United  States  of  America, 
and  the  said  firm  of  Lee  &  Dunbar,  for  themselves,  their  heirs,  executors, 
and  administrators,  have  mutually  agreed,  and  by  these  presents  do 
mutually  covenant  and  agree,  to  and  with  each  other,  in  the  manner  fol- 
lowing, namely:  That  the  said  firm  of  Lee  &  Dunbar  shall  do  the  follow- 
ing prescribed  work  at  Erie  harbor,  Pennsylvania,  at  such  points  as  the 
engineer  in  charge  may  direct. 


p 

I 
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Class  A. 

L  To  remove  from  the  work  put  in  by  Vincent  &  King,  with  as  little 
iojory  as  possible,  planks,  joists,  and  upper  timber,  as  much  of  each  as 
miy  be  required,  and  pile  the  same  where  the  engineer  in  charge  may 
direct,  for  ten  dollars  ($10)  per  thousand  feet,  board  measure,  therein  c6n- 
tained. 

2.  To  take  out  from  the  north  side  of  the  new  extension  of  the  pier  as 
Brach  of  the  ballast  stones  as  may  be  required,  and  put  the  same  over- 
board, placing  them  along  that  face  on  the  natural  bed,  in  the  shape  of 
a  riprap  15  feet  wide  at  the  base,  and  gradually  rising  from  nothing  on 
tk  north  edge  to  a  height  of  Ave  feet  next  the  pier,  for  three  dollars  ($3) 
per  cord  of  128  cubic  feet. 

3.  To  dredge  a  trench  in  the  sand,  close  up  to  the  bottom  of  the  pier 
(» the  sonth  side  thereof,  for  a  length  of  200  feet,  and  width  of  20  feet, 
and  to  an  average  of  15  inches  depth  of  cutting,  or  more  if  required,  for 
tfty  cents  ^50  c.)  per  cubic  yard. 

4.  To  poll  up  as  many  piles,  already  driven  in  the  work,  as  may  be 
required,  for  ten  dollars  ^$10)  per  pile, 

5.  To  drive  as  many  piles  for  staying  the  work  as  may  be  required,  to 
sich  depth  that  their  points  may  be  12  feet  below  bottom  of  water,  for 
ten  doDars  ($10)  per  pile. 

6.  To  iurnish  and  put  properly  in  place  in  the  pier  or  riprap  what 
^tional  stone  maybe  requii-ed, for  seventeen  dollars  ($17)  per  cord. 

"i-  To  frame,  fit,  and  fasten  in  place  in  the  superstructure  all  timber 
that  may  be  required  upon  the  inner  200  feet  of  said  extension,  for  twelve 
^a-half  cents  (12 J  c.)  per  running  foot. 

}•  To  replace  and  fasten  the  joists  and  covering  planks  upon  this  por- 
tal of  the  work,  in  the  same  manner  as  before  they  were  removed,  for 
t^fi  doUars  ($10)  per  thousand  feet,  board  measure. 

Class  B. 

To  dredge,  tow  away  and  dump  the  earth  raised  at  such  place  as  the 
^Qgineer  in  charge  may  direct,  the  present  interior  channel  of  this  har- 
•  K  at  such  place,  ip  such  direction,  to  such  an  extent,  width,  depth, 
3ih1  manner,  as  the  said  engineer  may  direct,  for  fifty  cents  (50  c.)  per 
^bic  yard;  to  be  measured  by  the  said  engineer,  in  the  natural  bed 
b^ore  dredging,  upon  data  furnished  by  the  survey  under  the  direction 
of  the  lake  surveys  of  1865-'C6. 

That  all  work  offered  to  be  done  under  this  contract  shall,  before  being 
accepted,  be  subject  to  a  rigid  inspection  by  an  inspector  appointed  on 
tbe  part  of  the  government;  and  such  as  shall  not  conform  to  the  speci- 
fi^-ations  set  forth  in  this  contract  shaU  be  rejected. 
That  the  said  firm  of  Lee  &  Dunbar  shall  commence  to  do  the  work 
lerein  specified,  if  required,  on  or  before  the  12th  day  of  May,  eighteen 

inndred  and  sixty-eight,  (1868,)  and  complete  the  whole  thereof  on  or 

before  the  Ist  day  of  September,  eighteen  hundred  and  sixty-eight  ri868.) 
That  payment  shall  be  made  when  the  work  contracted  for  shall  have 

been  done  and  accepted,  reserving  10  per  cent,  from  the  payment  until 

tht  whole  shall  have  been  completed  and  accepted. 
No  member  of  Congress,  officer  or  agent  of  the  government,  or  any 

person  employed  in  the  public  service,  shall  be  admitted  to  any  share 

lierein,  or  any  benefit  which  may  arise  herefrom. 
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In  witness  whereof  the  undersigned  have  hereunto  placed  their  haD( 
and  seals,  the  day  and  date  first  above  mentioned. 
Executed  in  quintuplicate. 

T.  J.  CRAM,  [SEAL.] 

Colonnl  Engineers^  Brevet  Major  General, 

LEE  &  DUXBAR.  [SEAL.] 

Witnesses  to  General  Cram's  signature — 
Montgomery  Bachus. 
Horace  Smith. 

Witnesses  to  Lee  &  Dunbar's  signatures — 
Thomas  Wilkins. 
Richard  F.  Gaggin. 

I  do  solemnly  swe^r  that  the  copy  of  contract  hereto  annexed  is  s^i 
exact  copy  of  a  contract  made  by  me  personally  with  the  firm  of  Le^^  ^ 
Dunbar;  that  I  made  the  same  fairly,  without  any  benefit  or  advanl 
corruptly  to  said  firm  or  any  other  person,  and  that  the  papers 
panying  include  all  those  relating  to  the  said  contract,  as  required, 
statute  in  such  case  made  and  provided. 

T.  J.  CRAM, 
Brevet  Major  General^  Colonel  Engineers, 

Sworn  and  subscribed  to  before  me,  a  justice  of  the  peace  for  Wayn* 
cx)unty.  State  of  Michigan,  this  8th  day  of  May,  1868. 

PETER  B.  AUSTIN, 

Justice  of  the  Peace, 

Bond. 

.Know  all  men  by  these  presents,  that  we,  the  firm  of  Lee  &  Dunbar,  9^ 
Erie,  Pennsylvania,  and  John  Hearn  and  W.  L.  Scott,  of  the  same  pla(»^ 
are  held  and  firmly  bound  to  the  United  States  of  America  in  the  suiCP- 
of  four  thousand  dollars  ($4,000)  lawfid  money  of  the  United  States,  fo<^ 
which  payment,  well  and  truly  to  be  made,  we  bind  ourselves,  and  eacb^- 
of  us,  our  and  each  of  our  heirs,  executors,  and  administrators,  for  anct 
in  the  whole,  jointly  and  severally,  firmly  by  these  presents.    Sealed  witt^- 
our  seals,  dated  the  thirtieth  day  of  April,  in  the  year  of  our  Lord  eigh- 
teen hundred  and  sixty-eight,  (1868.) 

The  nature  of  this  obligation  is  such  that  if  the  above-bounden  firm  o: 
Lee  &  Dunbar  and  John  Hearn  and  W.  L.  Scott,  ^heir  heirs,  executors- 
and  administrators,  or  any  of  them,  shall  and  do  in  all  things  well  am 
truly  observe,  fulfill,  accomplish,  and  keep  all  and  singular  the  cove  — 
nants,  conditions,  and  agreements  whatsoever,  which,  on  the  part  of  th^ 
firm  of  Lee  &  Dunbar  and  John  Hearn  and  W.  L.  Scott,  their  heirs,  exe^- 
cutors,  or  administrators,  are  or  ought  to  be  observed,  performed,  fol'' 
filled,  accomplished,  and  kept,  comprised  or  mentioned  in  certain  artide^ 
of  agreement,  bearing  date  the  thirtieth  day  of  April,  eighteen  hundreci- 
and  sixty-eignt,  (1868,)  between  Brevet  Major  General  T.  J.  Cram,  colc^-" 
nel  coq)8  of  engineers,  on  the  part  of  the  United  States,  and  the  said  ^nf^ 
of  Lee  &  Dunbar,  concerning  the  doing  of  certain  prescribed  work  a^ 
Erie  harbor,  Pennsylvania,  according  to  the  true  intent  and  meaning  o^ 
said  articles  of  agreement,  then  the  above  obligation  to  be  void,  other- 
wise  to  remain  in  full  force  and  virtue. 


LEE  &  DUNBAR. 
JOHN  HEARN. 
WM.  L.  SCOTT. 

Witnesses  to  Lee  &  Dunbar,  also  to  Hearn  and  Scott — 
W.  Bbewstek. 
Richard  F.  Gaggin. 


SEAL. 
SEAL. 
SEAL. 
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CIO. 

United  States  Engineer  Office, 

May  2Q^  1868. 
Sm:  In  strict  conformity  with  your  orders  from  headquarters  corps  of 
engineers,  of  11th,  12th,  and  16th  instant,  I  advertised  anew  for  Erie 
bsurbor  separately  for  the  work  to  remedy  the  defects  in  the  north  pier 
extension  by  Vincent  &  King,  and  for  the  dredging  of  the  inner  chan- 
nd,  as  you  will  see  by  the  copy  of  the  advertisement  attached  to  the 
abstract  of  the  bids  herewith  sent. 

Before  notice  could  be  sent  to-day  to  bidder  number  two,  William  H. 
Doaglass,  that  he  wa«  the  lowest  for  dredging  inner  channel,  (Class  B,)  I 
received  a  telegram  from  him  withdrawing  his  bid,  (32  cents  per  yard.) 
The  official  notice  from  this  office  and  the  bond  were  just  being  put  in 
tlie  post  office  as  the  telegram  was  received.    The  notice  and  bond,  how- 
ever, have  gone  forward  to  him,  and  on  receipt  of  them  he  may  conclude 
to  abide  by  his  bid.    Should  he  still  decline,  the  next  lowest,  number  Ave, 
(I^&  Dunbar,)  will  accept  this  dredging  (Class  B)  at  their  bid,  (37^ 
c^ts.)  And  to  save  time  (should  Douglass  not  abide)  I  shall  make  out 
fe  contract  with  Lee  &  Dunbar  for  Class  B,  and  forward  it  for  approval, 
'  when  approved  I  can  have  them  commence  the  dredging  at  once. 
"  namber  one,  William  Nicoll,  is  lowest  on  Class  A.    The  legal 
with  him  are  being  drawTi,  and  will  be  forwarded  for  approval, 
*Qd  when  approved  he  will  immediately  commence. 
Very  respectfullv,  your  obedient  servant, 

T.  J.  CEAM, 
Colonel  Engineers^  Brevet  Major  General. 

Brevet  Major  General  A.  A.  Humphreys, 

Brigadier  General,  Chief  of  Engineers  U.  S.  Army. 
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1^  Headquarters  Corps  of  Engineers, 

^  Washington,  D.  0.,  May  27,  1868, 

MuoB :  In  reply  to  an  inquiry  from  these  headquarters,  whether  there 
':  ire  other  locaUtie^  than  Erie  where  the  plan  of  cribs  with  close-planked 
bottoms  has  been  adopted,  Brevet  Major  General  Cram,  reports  '*  that 
there  is  only  one  other  under  the  recent  appropriation,  and  that  is  Grand 
liTtf,  where  the  bottom  is  sand,  overlying  clay;  and  nere  the  cribs  have 
inswered  the  design." 

As  soon  as  your  duties  will  permit,  you  will  please  have  a  careful 
tomination  and  survey  made  of  the  harbor  at  Grand  river,  with  a  view 
tD  a  report  upon  the  condition  of  the  works  recently  constructed  there, 
^  the  extension  of  the  east  pier,  and  particularly  as  to  the  depth  of 
•ad  overlying  the  clay,  and  whether  the  cribs  have  settled,  and  if  so,  to 
^rttat  extent;  whether  they  are  exposed  to  currents  or  waves,  and  if  so, 
ttetlier  on  both  sides  or  one.  You  will  also  examine  into  the  effect  of 
Restructure  upon  the  channel,  &c. 

Funds  to  enable  you  to  carry  out  the  above  instructions  will  be  remit- 
ted to  you,  upon  your  estimate  and  requisition,  from  the  appropriation 
fcr  examinations  and  surveys  of  northwestern  lakes. 
Very  respectfully,  your  obedient  ser\'ant, 

A.  A.  HUMPHEEYS, 
Brigadier  Oeneral  of  Engineers^  Commanding. 
Major  W.  McFarland, 

Corps  of  Engineers^  Erie^  Pennsylvania. 


APPENDIX  D. 

United  States  Engineer  Office, 
Buffalo,  New  York,  September  1, 1868. 

General:  In  accordance  with  provisions  of  engineer  headquarters' 
\  circular,  of  June  10, 1868,  and  general  regulations  on  the  subject,  I  have 
[  the  honor  to  submit  herewith  my  annual  report  of  progress  on  the  works 
I  oCharbor  improvements  under  my  charge. 

) 

\  BUFFALO  HARBOR,  NEW  YORK. 

L  The  work  of  improvement  of  this  harbor  was  transferred  to  me  on  the 
I  id  of  June,  1868,  by  Brevet  Major  General  T.  J.  Cram,  colonel  corps  of 
|^«giiieer8,  in  obedience  to  Special  Orders  No.  67  from  headquarters  corps 
f* engineers,  dated  May  27, 1868. 

\  A  general  scheme  prepared  by  that  officer  had  been  submitted  by 
^  leadqnarters  to  the  consideration  of  a  board  of  engineers  assembled  at 
i^^ri&lo,  New  York,  in  January,  1868,  and  was  adopted  by  that  board  as 
rltt  its  general  features.  At  a  subsequent  session  of  the  same  board,  at 
^Betroit,  Michigan,  in  March,  1868,  a  detailed  consideration  of  the  plan 
^  if  construction  of  the  proposed  new  breakwater  was  held,  and  the  result 
rf their  deliberations  approved. 

On  reheving  General  Cram,  in  charge  of  the  work,  I  was  fiirnished 
i  •ith  a  copy  of  engineer  headquarter's  instructions,  to  him,  of  April  30, 
MS8,  for  my  information  and  guidance.    By  those  instructions  I  was 
Wquired — 

i  To  prepare  and  protect  the  existing  piers. 

13  w— Part  n 
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2.  To  extend  the  south  pier  according  to  General  Cram's  plan,  as  recom- 
mended by  the  board  of  engineers  for  Bufialo  harbor,  and  approved  by 
headquarters. 

3.  To  do  such  dredging  as  might  become  necessary  between  the  exten- 
sion of  the  south  pier  and  the  prolongation  of  the  line  of  the  north  pier,  to 
get  14  feet  pf  water. 

4.  To  commence  the  construction  of  the  new  breakwater  in  the  posi- 
tion and  with  the  length  proposed  by  General  Cram,  as  recommended 
by  the  board  of  engineers  for  Buftalo  harbor,  and  approved  by  head- 
quarters. 

The  breakwater  te  be  built  according  to  the  plan  of  construction 
recommended  by  the  board  of  engineers  for  Buffalo  harbor,  at  their  ses- 
sion of  March  27, 18G8,  when  convened  by  order  of  March  11,  1868,  from 
headquarters  coi^s  of  engineers. 

All  the  works  of  improvement  were  to  be  carried  on  with  the  utmost 
diligence. 

The  south  part  of  the  Erie  basin  breakwater  was  not  to  be  removed 
until  authorized  from  engineer  headquarters. 

I  found  the  work  just  about  to  commence,  and  up  to  the  close  of  the  fiscal 
year  nothing  of  importance  had  been  done,  beyond  making  the  neces- 
sary preparation  for  the  interior  harbor  works  of  improvements,  and 
starting  the  repair  of  the  south  United  States  pier-head. 

All  the  work  of  improvement  of  the  interior  harbor,  viz.^  repairs  of 
north  and  south  United  States  pier,  extension  of  south  United  States 
pier,  and  the  dredging  that  may  become  necessary  to  open  the  channel 
of  14  feet  depth  between  the  north  and  south  piers,  will  probably  be 
completed  during  the  year  18G8.  By  letter  of  June  26, 18(>8, 1  advocated 
the  building  of  as  much  as  possible  of  the  new  breakwater,  as  soon  as 
the  repairs  of  the  interior  harbor  had  been  attended  to,  and  to  the  exclu- 
sion of  the  removal  of  the  south  part  of  the  Erie  basin  breakwater,  by 
use  of  funds  from  existing  appropriations,  inquiring  if  this  was  the 
intention  of  headquarters,  to  which  I  received  reply  in  the  affirmative; 
and,  accordingly,  all  funds  w^hich  have  not  already  been  devoted  to  the 
improvement  of  the  interior  harbor,  in  accordance  w-ith  instructions  of 
April  3, 1868,  have  been  reserved  for  the  construction  of  the  projected 
new  breakwater. 

Under  this  pro\ision  I  propose  to  build  about  900  feet  of  that  work 
during  the  w  inter  of  1868-'69  and  the  ensuing  season  of  fair  weather, 
probably  expending  all  funds  now  on  hand,  and  completing  so  much  of 
the  work  as  can  be  constructed  with  them  by  the  fall  of  1869.  In  my 
opinion,  as  soon  as  such  length  of  this  breakwater  shall  have  been  con- 
structed as  will  afford  the  requisite  lee  for  vessels  inward  bound  under 
stress  of  weather,  they  will  anchor  under  that  lee,  in  stormy  weather,  in 
preference  to  seeking  the  inner  harbor.  Thus  the  question  of  the  length 
of  extension  of  the  south  United  States  pier  and  the  removal  of  the 
southerly  end  of  the  Erie  basin  breakwater  will  become  of  minor  import- 
ance, and  the  latter  more  the  affair  of  the  State  of  New  York  than  of 
the  United  States.  I  therefore  recommend  no  deviation  at  present 
from  the  order  of  proceeding  already  directed  by  engineer  headquarters. 

A  careful  observation  of  the  efficiency  of  the  extension  of  the  south 
United  StJites  pier  now  in  process  of  construction  may  possibly  indicate 
the  necessity  of  further  extension,  and  a  further  projected  removal  of 
the  Erie  basin  breakwater ;  but  as  this  is  a  matter  of  the  future,  1  con- 
fine myself,  in  making  requisition  for  further  funds,  to  an  estimate  for 
prospective  repairs  5  to  the  completion  of  the  new  breakwater  as  at  pres- 
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ent  projected,  and  the  opening  of  the  proposed  south  cut  into  Buffalo 
creek. 

As  regards  the  latter,  I  am  confident,  from  due  observation,  that  it 
iroald,  if  effected,  much  relieve  the  crowded  state  of  the  interior  harbor. 

BUFFALO  SEA-WALL. 

This  work  was  also  included  in  the  provisions  of  engineer  headquar- 
ters' order  of  May  27, 1868. 

No  work  has  been  done  on  it  during  the  past  fiscal  year,  and  it  accord-  ' 
iDgly  remains  in  the  same  state  as  given  in  the  last  annual  report,  for  the 
work,  viz :  Total  length  of  wall  now  built,  5,400  feet ;  total  length  of 
vail  and  coped,  4,081  feet ;  total  length  of  wall  to  be  coped,  1,319  feet ; 
total  length  of  wall  when  finished,  7,050  feet. 

I  would  respectfully  recommend  that  this  work  be  left  in  its  present 
state  until  some  necessity  becomes  apparent  for  its  continuation.  I  see 
no  such  necessity  just  now. 

The  lake,  under  the  influence  of  severe  gales  from  the  westward,  will, 
it  is  true,  occasionally  rise  and  overflow  the  land  not  protected  by  the 
sea-wall,  but  that  land  is  generally  firm  clay,  with  but  little  sand  or 
loose  soil  overlying.  Such  little  of  it  as  is  now  swept  over  by  the  rise 
of  the  lake,  under  such  circumstances,  into  Buffalo  creek,  and  is  not 
carried  out  by  floods  from  the  interior,  must  necessarily  be  removed  by 
dredging.  But  unless  the  sea-wall  were  carried,  at  great  expense,  along 
tlie  l^ch  for  about  four  miles  to  the  southward  of  the  city,  until  it  should 
reach  high  ground,  it  would  not  avail  to  prevent  the  overflow  due  to  the 
aatamnal  gales.  I  therefore  do  not  consider  its  further  construction 
advisable  at  present. 

K  it  should  be  decided  to  construct  the  proposed  south  cut,  then  I 
should  recommend,  in  connection  with  that  work,  to  complete  the  sea- 
wall to  join  with  its  northerly  embankment,  thereby  protecting  from 
overflow  and  possible  abrasion  the  intermediate  territory  and  banks  of 
the  creek. 

DUNKIRK  HABBOB. 

The  work  in  hand  at  this  harbor,  the  building  of  a  pier  connecting 
the  we«t  sand  beach  with  the  beacon  crib,  was  transferred  to  my  charge 
on  the  3d  of  June,  1868.  by  virtue  of  orders  from  headquarters  corps  of 
engmeers,  dated  May  27,  1868.  I  found  the  work  in  a  forward  state, 
4^0  feet  of  piering  having  been  laid  and  nearly  completed. 

The  construction  of  this  pier  will  probably  be  finished  by  November 
of  the  current  year.  When  completed  it  will  extend  from  the  sand  crest 
of  the  beach  to  the  beacon  crib,  a  distance  of  1,380  feet,  and  it  will  form 
a  complete  barrier  to  the  wash  of  sand  along  the  west  shore  of  the  bay 
into  the  harbor,  unless  the  lake  in  the  fall  gales  should  break  through 
the  sand  crest  and  form  a  permanent  beach.  This  event  is  not  antici- 
pated, but  whether  it  will  occur  or  not  can  only  be  determined  by  watch- 
ing the  inroad  of  the  lake  into  the  beach,  as  influenced  by  the  construc- 
tion of  the  west  pier.  Should  no  permanent  breach  be  made  during  the 
year  1868,  I  will  be  satisfied  that  the  west  pier,  as  at  present  planned, 
^  answer  its  purpose  of  protecting  the  harbor  from  the  washing  in  of 
the  sand.  Should,  however,  the  fall  gales  open  a  channel  through  the 
sand  around  the  present  west  end  of  the  pier,  it  will  become  necessary 
to  extend  the  pier  westward  about  600  feet  to  the  main  bank. 

The  question  of  the  further  improvement  of  this  harbor  has  been  duly 
^d  fully  discussed  in  the  special  reports  (with  accompanying  sketches) 
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of  Brevet  Major  General  T.J.  Cram,  corps  of  engineers,  of  dates  May 
6th  and  15th,  1868;  at  which  time  that  oflBicer  was  in  charge  of  the 
work.  Referring  to  those  reports  and  sketches,  it  is  evident  that  the 
necessities  of  commerce  require  the  construction  of  the  west  pier  and 
breakwater  "  B'' which  works  have  already  been  partly  provided  for; 
the  west  pier  as  before  stated,  being  in  process  of  construction,  and 
measures  being  taken  in  accordance  with  engineer  headquarters'  instruc- 
tions of  June  22, 1868,  to  begin  the  breakwater. 

The  amount  of  aj>propriation  on  hand  will  probably  suffice  to  build 
about  1,000  feet  of  that  work  [see  note  A]  after  reserving  the  necessary 
funds  for  contingencies  and  repairs. 

The  next  subject  of  importance  which  presents  itself,  is  the  condition 
of  the  old  outer  breakwater.  This  work  as  it  now  stands  is  an  impedi- 
ment to  navigation,  being  in  the  course  of  coasters  from  ports  along 
the  southern  shore  of  the  lake.  Vessels  coming  from  that  (Urection  are 
observed  to  round  it,  and  the  propellers  of  the  Erie  Railway  Company 
have  several  times  touched  on  the  detached  sunken  cribs  in  the  vicinity 
of  its  north-easterly  end.  Its  racked  condition,  and  loss  of  ballast 
from  the  superstructure,  render  it  probable  that  the  autumnal  gales  of 
1868  will  carry  it  away,  to  below  the  water's  edge.  Should  this  occur, 
it  will  become,  in  heavy  weather,  a  very  dangerous,  because  hidden, 
impediment. 

I  therefore  strongly  advocate  its  removal  at  once,  to  14  feet  depth  of 
water,  if  it  can  be  done  at  not  too  great  a  cost,  demiying  the  expense 
out  of  the  existing  appropriation.  If  it  is  found  too  expensive  to  do 
this,  it  will  become  necessary  at  least  to  mark  its  position  by  buoys, 
which,  however,  would  be  only  a  partial  precaution  against  casualties. 
[See  note  "  B."] 

This  old  work  being  removed,  or  its  i)osition  marked,  the  west  pier 
and  new  breakwater  constructed,  it  appears  to  me  that  the  immediate 
requirements  of  this  harbor  will  have  been  satisfied. 

It  would  certainly  be  very  advantageous  to  provide  an  inner  channel 
of  14  feet  of  water  from  the  mouth  of  the  harbor  to  the  Erie  railway 
company's  docks,  as  proposed  by  General  Cram.  In  fact,  the  increase 
of  commerce  at  this  place  may  in  a  short  time  necessitate  the  providing 
for  the  free  passage  of  vessels  of  13  feet  draught. '  I  therefore  incor- 
porate General  Cram's  estimate  in  my  total  estimate  for  completing  the 
improvements.  Beyond  this,  I  think  nothing  more  will  be  needed, 
unless  it  shall  be  found  after  the  completion  of  the  new  breakwater 
that  a  swell  makes  from  over  the  site  of  the  proposed  additional  work 
*'D,"  in  which  case  that  work  should  be  constructed.  The  shoalness  of 
the  water  on  this  site  would,  however,  apparently  indicate  that  the 
swell  would  be  broken  in  passing,  to  such  an  extent  as  to  I'ender  it 
insignificant. 

Note  A. — At  the  rates  proposed  by  the  lowest  responsible  bidder, 
September  10, 1868, 1,500  feet  instead  of  1,000  feet  of  the  new  break- 
water can  be  built. 

Note  B. — Authority  received  by  letter  from  headquarters  corps  of 
engineers,  dated  August  1,  1868,  to  incorporate  this  item  in  the  adver- 
tisement for  new  breakwater,  which  was  done,  and  nine  bids  at  a  cost  of 
less  than  $10,000  received  to  remove  it,  the  lowest  being  $2,179  41. 
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Aktracts  of  amounts  estimated  for  the  entire  and  permanent  completion  of 
each  icorkj  and  amount  that  can  he  profitably  expended  during  the  next 
JUcal  year,  July  1,  1868,  to  June  30,  1869. 


Name  ot  work. 

Amount  estimated  for 
entire    and    perma- 
nent completion. 

Amount  that  can  be 

Srofitably  expended 
uring  the  next  fis 
cal  year. 

LDDroviDf?  harhor  of  Buffalo.  New  York  .............. 

$736, 205  59 

50, 000  00 

404, 500  00 

$120,000  00 

ImDroTincr  sea-wall  of  Buffalo.  New  York ............ 

IiBDroyinfiT  harbor  of  Dunkirk.  New  York ...... ...... 

55,000  00 

Ahilnut  ezemplifffing  the  eommerct  to  which  each  work  contributes,  for  the  fiscal  year  July  1  f 

1867,  to  June  30,  1868. 


s 


Kame  of  work. 


.- «  ^ 

8  «  * 
ts  o  > 


Improring  harbor,  Buffalo, 
New  York. 

Improring  iea-wall,  Baf- 
fUo,  New  York. 

ImproTiog  harbor,  Dun- 
kirk, New  York. 


>    12,696 


i264 


1.- 

o 
H 


5,107,728 
101, 457  36 


Collection  dlntrict  in 
which  the  work  la 
situated. 


Buffalo  Creek,  New 
York. 

Dunkirk,  New  York  . 


Near  what  fort,  light- 
house, or  port  of 
entry  the  work  i« 
Bitnated. 


Port  Porter  and  light-  > 
house  on  pier.         S 

Light-house  on  main  ) 
land,  beacon  end  to  > 
pier.  ) 


c  ji  a 

^B  O 

S  IS  o 

o  »  * 


$440,36631 
5,027  93 


Abstract  of  contracts  for  each  worlCj  with  names  of  contractors. 


Name  of  work. 

Names  of  contracton. 

Improving  harbor,  Buffiilo,  N.Y 

IniproYing harbor,  Dunkirk,  N.Y 

J.  E.  &  D.  E.  Bailey,  of  Toledo,  Ohio,  and  Alonzo 

D.  Denny,  of  Detroit,  Michigan. 
Alexander  McDowell,  Hamilton,  Ontario,  R.  Nelson 

Gere,  Syracuse,  New  York. 

Abstract  of  contraMfor  ea^ih  class  of  material  or  labor  for  each  work. 


Name  of  work. 

Name  of  contractor  and  what  they  contract  for. 

Improving  harbor,  Buffalo,  N.  Y 

IiDproving  harbor  of  Dunkirk,  N.  Y.. 

J.  E.  &  D.  E.  Bailey,  and  Alonzo  D.  Denny,  for 
furnishing  all  the  material  and  doing  all  the  work. 

Alexander  McDowell,  for  furnishing  all  timber,  lum- 
ber, and  stone,  and  for  doing  all  the  work.  R. 
Nelson  Gere,  for  furnishing  all  iron  materials. 

198 


BEPOBT  OP   THE   SECRETARY   OF   WAR. 


Statement  of  cash  received  and  expended  on  account  of  each  work  during 
the  fiscal  year ;  amount  of  appropriation  available  June  30,  1868,  and 
amount  required  for  tlie  year  ending  June  30, 1870. 


Appropriation. 


"Improving  harbor,  Buffalo,  N.  Y.. 
Improving  sea-wall,  Buffalo,  N.  Y.. 
timproving  harbor,  Dunkirk,  N.  Y. . 


9i 


a 

0 

o 
B 


$7,000  00 


8,500  00 


a 

K 

a 
p 
o 

S 


,875  18 
8,"  333*  45 


<««  CO 


*5  *2 
E.P  a 


$193,124  82    $275,000  00 

23,751  00   

91,666  55      100,000  00 


*0f  this  amount  General  Cram  disbureed  $3,064  38,  ai  per  the  money  books  turned  over  to  nie. 
tOf  this  amount  Qeneral  Cram  disbursed  $8,329  65,  as  shown  by  the  money  books  turned  over  to  me. 

Statement  of  appropriations  made  for  each  u^orJc. 


I'or  what  work. 


Improving  harbor,  Buffalo,  N.  Y... 

Improving  sea-wall,  Buffalo,  N.  Y. 
Improving  harbor,  Dunkirk,  N.  Y. 


Date  of  approval 
ofthe  act  making 
the  appropriat'n. 


5  June  23,  1866.. 
>  March  2,  1867.. 

5  1864 

M866 

March  2,  1867.... 


Amount  of 
appropriation. 


$100,000  00 

100,000  00 

37,500  00 

31,000  00 

100,000  00 


Total  amount 
appropriated. 


$200, 000  00 

«68,500  00 
100,000  00 


All  of  which  is  respectfully  submitted.    And  I  am,  geueral,  very 
respectfully,  your  obedieiit  servant, 

F.  HARWOOD, 
Captain  Engineers^  and  Bvt  Lt  CoL  U.  S.  A. 

Major  General  A.  A.  Humphreys,  Chief  of  Engineers^ 

Headquarters  Corps  Engineers^  Washington^  D.  C. 


D  1. 

Headquarters  Corps  of  Engineers, 

Washington^  D.  C,  April  IG,  1868. 

General  :  It  has  been  suggested  that  from  the  east  end  of  the  west 
pier  at  the  harbor  of  Dunkirk,  New  York,  a  pier  be  extended  in  a  north- 
erly direction  to  cover  the  inner  harbor  from  winds  blowing  west  of 
north,  and  to  accumulate  drifting  material  on  the  north  side  of  the  west 
pier,  which  would  otherwise  enter  the  harbor  and  diminish  its  capacity. 
Your  views  upon  the  matter  are  desired  at  as  early  a  period  as 
practicable,  and  likewise  a  project  for  the  expenditure  of  the  remainder 
of  the  appropriation  after  the  completion  of  the  west  pier. 
Very  respectfully,  your  obedient  servant, 

A.  A.  HUMPHREYS, 
Brigadier  Oeneral  of  Engineers,  Commanding. 
Brevet  Major  General  T.  J.  Cram, 

Colonel  of  Engineers,  Detroit^  Michigan. 
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D  2. 

United  States  Engineer  Office, 

Detroit^  April  20,  1868. 

In  compliance  with  your  instructions  of  the  16th  instant,  I  have 
lor  to  submit  the  following  views  in  reference  to  constructing  "  a 
)m  the  west  end  of  the  west  pier,  Dunkirk  harbor,  in  a  northerly 
m,^  On  my  first  inspection  of  this  harbor  and  the  line  of  the  old 
I  west  pier,  this  idea  was  conveyed  to  me  by  the  light-house 

who,  I  discovered,  had  many  theories  on  the  subject.  He  e\i- 
was  not  aware  that  the  west  i)ier,  when  constructed,  extended 
rdly  almost  entirely  across  the  low  sand  ground  to  the  bluff, 
act  is  this:  when  heavy  northwesters  occur,  a  heavy  swell  rolls 
nd  the  light-house  point,  and  goes  directly  against  the  line  of 
n  of  the  old  west  pier.    WTien  the  old  pier  rotted  and  was 

away  almost  entirely,  these  swells  washed  sand,  gravel,  and 
into  the  western  part  of  the  inner  harbor,  leaving  it  in  the  con- 
een  on  the  sketch,  and  probably  in  time  would  cause  more  filling 
here  is  nothing  to  stop  the  influx  but  the  present  sand  ridge  on 
r  prolongation  of  the  line  of  the  old  pier.  When  we  began  to 
the  old  pier  last  season  we  commenced  at  the  point  A,  just  1,170 
n  the  beacon-light  seen  on  the  sket<5h,  and  extended  eastwardly 
"0  feet ;  for,  seeing  that  we  should  have  to  extend  it  from  A  west- 
in  ail  probability,  to  prevent  the  sea  trom  washing  around  to  the 
rd  of  A  into  the  interior,  I  had  the  sand  dug  away  and  exposed 
en  timbers,  a  few  of  which  were  found  distinctly  marking  the 
5  of  the  work.  I  judged  that  I  should  have  to  carry  the  work 
210  feet  to  the  summit  of  the  sand  ridge  between  A  and  the 
At  the  ridge  the  depth  of  the  deposit  was  five  feet.    It  was 

by  Lieutenant  Colonel  F.  Harwood,  who  made  the  examination, 
rork  extending  from  A  210  feet  to  the  point  B  would  be  suffi- 
stop  the  seas  from  washing  into  the  west  of  A.  The  plan,  there- 
it  is  under  contract  and  in  operation,  is  to  rebuild  upon  the  line 
Id  pier  for  an  extent  of  1,380  feet.  And  I  had  it  in  contemplation 
hat  the  results  would  be  after  constructing  so  much ;  and  should 
md  neceiisary  either  to  extend  from  B  still  further  westwardly, 
northwesterly  direction,  as  indicated  by  the  red  dotted  lines,  in 
►  prevent  washing  material  in  to  the  injury  of  the  inner  harbor, 
amend  an  extension  from  B.  But  until  such  necessity  be  shown, 
mpleting  the  work  now  under  contract,  I  wouUl  not  recommend 
re]>ly  to  the  last  part  of  the  order,  I  had  it  in  contemplation,  after 
ing  the  west  pier,  to  expend  the  residue  of  the  appropriation  in 
ijig,  with  an  additional  appropriation,  the  rebuilding  of  the  old 
r,  or  breakwater. 
Tery  respectfully,  your  obedient  servant, 

T.  J.  CRAM, 
Colonel  EngineerSy  Brevet  Major  General. 

?t  Major  General  A.  A.  Huiviphreys, 

Brigadier  General,  Chief  of  Engineers  U.  8.  A. 
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D3. 

United  States  Engineer  Office, 

Detrait^  May  5,  1868. 

Sir:  In  reply  to  the  instructions  in  letter  from  headquarters  corp 
of  engineers  April  16,  and  repeated  in  letter  from  the  same  May  2 
requesting  my  views  upon  the  question  of  extending  a  pier  in  a  nortl 
erly  direction  from  the  east  end  of  the  west  pier  of  Dunkirk  harboi 
New  York,  I  have  to  say,  that  I  did  at  first  misapprehend  the  question  b 
mistaking  "west''  for  "east."  The  idea  of  extending  from  the  westeni 
of  west  pier  had  been  urged  upon  me  at  Dunkirk,  and  as  I  did  not  favo 
the  project  I  concluded  a  representation  had  been  made  at  Washingto 
advocating  this  project. 

My  letter  of  21st  ultimo  can  do  no  harm,  although  it  does  not  answer  th 
question  presented  in  the  letter  from  the  headquarters  of  the  coq)s  ( 
engineers.  I  will  now  give  my  views  upon  the  question  of  extending 
pier  northerly  from  the  east  end  of  P.  (See  the  sketch.)  Suppose  w 
extend  one  for  an  extent  of  350  to  500  feet  in  a  direction  say  either  du 
north  or  between  this  and  a  direction  20^  west  of  north  which  is  marked  ]^ 
The  stated  object  of  this  new  idea  is  "  to  cover  "  the  inner  harbor  froi 
winds  "  blowing  west  of  north  and  to  accumulate  the  drifting  materis 
on  the  north  side  of  the  west  pier  P,  which  would  otherwise  enter  th 
harbor  and  diminish  its  capacity."  Such  a  construction  would  certainl 
cover  in  some  degree  the  i)resent  opening  of  350  feet  in  width  to  th 
inner  harbor  from  those  winds.  Under  a  heavy  blow  from  west  ( 
north,  however,  a  vessel  would  find  it  just  as  difficult  to  weather  th 
north  end  of  N,  to  come  under  its  lee,  as  it  now  does  to  enter  the  inne 
harbor  in  the  absence  of  N ;  and  in  the  heaviest  of  these  blows  the  vess( 
might  be  liable  (unless  N,  if  constructed,  should  be  extended  to  a  greatc 
length)  to  miss  the  entrance  to  the  harbor,  and  go  against  the  breakwate 
B,  which  is  on  the  right  of  the  present  opening  and  which  is  to  be  r( 
built.  Again,  suppose  N  constructed  and  no  parallel  pier  to  it  on  th 
east  side:  under  the  heavy  northeast  blows  a  vessel  coming  from  the  nortl 
east  would  meet  the  reflex  wave  ^N",  and  find  it  difficult  to  enter  the  inne 
harbor,  more  so  than  at  present  without  N. 

Under  these  circumstances  it  will  be  inferred  that  my  opinion  is  tha 
if  N  be  constructed,  it  should  be  at  least  750  feet  long,  so  as  to  serve  a 
an  eftectual  breakwater  for  vessels  to  lie  under  its  le^  in  the  outer  harbor  o 
that  if  it  be  only  350  to  500  feet  long,  there  should  be  a  pier  pjirallel  to  1^ 
starting  from  the  west  end  of  B,  and  distant  from  N  350  feet.  Now  ii 
regard  to  the  assumption  "  that  drifting  material  accumulated  on  th 
north  side  of  the  west  pier  would  without  N  enter  the  harbor  and  dimii 
ish  its  capacity.''  I  do  not  see  that  th  is  would  be  a  necessary  result.  Wha 
now  goes  into  the  inner  harbor  through  the  opening,  what  went  in  ther 
before  the  whole  west  pier  was  rotted  and  washed  away,  or  what  will  go  i 
there  after  we  shall  have  rebuilt  P,  (which  will  be  completed  the  presen 
season,)  does  not,  did  not,  nor  will  it  fill  the  inner  harbor  to  any  iujurion 
extent.  This  filling  has  been  since  P  has  been  gone.  The  late  Majc 
Tardy  is  very  explicit  on  this  point,  and  from  my  own  observations 
agree  with  him.  He  says  in  his  report,  December  7, 1866,  "  the  mat( 
rial  for  this  deposit  is  evidently  that  which  was  originally  stopped  b 
the  west  pier  P.  and  which  since  its  destruction  has  passed  over  and  i 
rapidly  filling  the  harbor.''  When  we  shall  have  completed  P  and  ] 
there  will  be  no  more  filling  of  the  interior  harbor  for  many  years, : 
ever,  as  long  as  P  and  B  are  kept  up.    What  may  then  be  washed  i 
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throagh  the  opening  by  the  water  being  driven  in  will  go  out  again  by 
the  ontflow  which  will  commence  as  soon  as  the  gale  begins  to  subside. 
After  P  and  B  ai*e  completed  it  seems  to  me  that  we  shall  be  better  able 
to  judge  from  a  study  of  consequent  eftects  whether  it  will  be  necessary 
tfadnsable  to  construct  X  for  this  purpose. 

Nevertheless  I  have  estimated  the  cost  of  constructing  N  based  ui>on 

p^  we  are  now  paying  for  P  and  for  the  work  (in  li>^*  feet  water)  of 

efeandsuperstructiire  filled  with  stone,  and  26  feet  thick  and  planked 

Wer,  and  find  it  to  be  $83  83  per  foot  of  pieringj  so  that  if  K  should 

!k:3()long  it  would  cost  $62,892  50. 

This  tJiickness  is  given  to  the  work  because  it  would  be  verj^  much 
fttpoeed,  and  the  bottom  is  so  hard  that  stay  piles  could  not  be  driven. 

I  have  the  honor  to  be,  very  resi)ectfully,  your  obedient  servant, 

T.  J.  CRAM, 
Colanel  Engineers^  Brevet  Major  General, 

?Tet  Major  General  A.  A.  Humphreys, 

Brigadier  General^  Chief  of  Engineers  U,  8.  Army. 


D4. 

Headquarters  Corps  of  Engineers, 

WaMngton,  D.  C,  May  12, 1868. 

GE5ERA1. :  Your  letter  of  the  oth  instant,  in  reference  to  the  question  of 
ending  a  pier  northerly  from  the  east  end  of  the  west  pier  at  Dun- 
rk.  is  received. 

The  chief  objeetion  to  building  this  north  pier  arises  from  the  exist- 
of  a  jocky  ledge  having  eight  feet  water,  extending  across  the 
mce  just  inside  the  two  breakwaters.    Any  vessel  entering  the  har- 
from  any  direction  must  i*un  in  on  a  southeast  course.    This  course  a 
extending  towards  the  north  from  the  east  end  of  the  west  pier 
Id  interfere  with. 

Can  this  difficulty  be  obviated  by  remo\ing  a  part  of  the  obstructing 
'    ! 

Yoa  will  please  give  your  views  upon  this  point,  as  well  as  an  esti- 
«e  of  the  cost  of  removing  as  much  of  the  ledge  as  may  be  necessary. 
Very  respectfully,  your  obedient  servant, 

A.  A.  HUMPHEEYS, 
Brigadier  General  of  Engineers^  Commanding. 
Brevet  Major  General  T.  J.  Cram, 

Colonel  of  Engineers,  Detroit^  Michigan. 


D6. 

United  States  Engineer  Office, 

Detroit,  May  15, 1868. 

8ffi:  Your  communication  to  me  of  12th  instant  has  an  objection  to 
iding  a  pier  northerly  from  the  east  end  of  the  present  west  pier  (P) 
the  Dunkirk  harbor,  in  that  vessels  have  to  enter  the  harbor  on  a 
tttheast  course,  in  consequence  of  the  existing  ledge  of  rock  underlying 
a  depth  of  eight  feet  the  inner  harbor;  and  this  being  the  case,  the 
iction  of  such  a  pier  would  interfere  with  a  vessel  on  that  course, 
think  this  point  of  objection  is  well  made.  To  your  question  "  can 
diflaculty  be  obviated  by  removing  a  part  of  the  obstructing  ledger 

*  Referred  to  lowest  stage. 
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and  to  the  request  for  my  views  upon  this  subject,  and  for  an  estimate 
of  the  cost  of  removing  as  much  of  the  ledge  as  ne<^essary,  I  have  the 
honor  to  reply  as  follows: 

I.  In  my  letter  of  5th  instant  I  gave  my  reasons  why  if  one  pier  only 
should  be  extended  from  the  east  end  of  P,  it  should  be  750  feet  long, 
or  that  two  parallel  piers  should  be  constructed,  one  400  feet  from  the 
east  end  of  P,  and  the  other  350  feet  long  from  the  west  end  of  B, 
both  containing  the  same  in  length  as  the  single  one.  The  direction 
"  northerly"  implies  from  due  north  around  to  20^  west  of  north  for 
the  direction  of  the  pier;  further  west  than  that  I  would  not  carry  it, 
and  I  would  carry  it  about  to  that,  because,  as  we  shall  see,  we  shall 
have  the  less  rock  to  excavate  from  the  inside,  to  allow  a  vessel  to 
safely  enter  under  the  protection  of  P  and  B,  on  a  course  from  south- 
east around  almost  to  southwest;  and  this  I  think  would  afford  sea 
room  for  the  vessel  to  be  brought  to  safely,  before  her  head  would  strike  the 
rim  of  the  rock  basin  into  which  she  would  enter.  There  are  seen  on 
the  sketch  blue  dotted  lines;  the  whole  space  bounded  between  these 
would  have  to  be  dredged,  and  the  importance  of  the  harbor  may  prob- 
ably become  such  that  we  ought  to  aim  at  a  depth  of  14  feet  for  its 
interior.  With  these  improvements  and  the  completion  of  P  and  B,  it 
would  be  one  of  refuge,  at  the  same  time  it  would  subserve  all  the  busi- 
ness at  this  port  consequent  upon  its  being  the  terminus  of  imi)ortant 
and  extensive  railway  lines.  The  rock  is  talcose  slate,  disintegrating  on 
exposure  to  the  air  above  water,  but  durable  as  long  a«  kept  under 
water.  On  my  examination  of  it,  I  decided  to  admit  this  rock  as  bal- 
last to  P  and  B,  for  the  under-water  work,  but  not  above  water. 

The  relevancy  of  this  remark  will  soon  be  seen.  Mr.  Mifflin,  my 
assistant  civil  engineer,  has  comi)uted,  under  my  direction,  the  whole 
amount  to  be  excavated  between  the  blue  lines  to  a  depth  of  14  feet, 
and  finds  it  to  be  27,040  cubic  yards  of  sand,  gravel,  and  clay,  and 
65,044  cubic  yards  of  rock  ;  and  I  make  the  following  classification  of 
all  the  different  materials  to  be  dredged :  27,040  cubic  yards  sand,  gravel, 
and  clay,  that  can  be  readily  dredged,  and  must  be  wasted;  25,044  cubic 
yards  soft  rock  that  can  probably  be  tbedged  without  blasting,  and  say 
one-half  wasted;  40,000  cubic  yards  of  rock  that  cannot  be  dredged 
without  blasting;  but  this  rock  need  not  all  he  wasted  if  there  be  a 
properly  systematized  plan  of  improvement  pursued,  and  money  appro- 
priated to  carry  it  steadily  on  to  completion,  without  those  spasmodic 
actions  which  in  former  times  attended  our  lake  improvements. 

ESTIMATE  OF  COST. 

1.  750  feet  piering  (whether  one  or  two  piers)  would  cost, 
including  the  10  per  cent,  contingencies,  (see  mv  letter 

5th  instant) .' $62,872  50 

2.  27,040  cubic  vards  sand,  gravel,  and  clay  to  be  excavated, 

at  40cents $10, 816  00 

3.  25,044  cubic  yards  soft  rock  to  be  excavated  without 

blasting,  at  $2  75 68, 871  00 

4.  40,000  cubic  yards  rock  to  be  excavated,  requiring  blast- 
ing, at  $4  50 180, 000  00 

5.  Contingencies  on  all  the  excavations  10  per  cent 25, 969  00 

Hence  we  perceive  that  the  excavation  of  the  basin  would 

cost 285, 656  00 
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dded  to  the  cost  of  N  brings  the  cost  of  N  and  the 

Q  to $348, 528  50 

«t  of  P  and  B,  according  to  my  last  annnal  report, 

be 148,584  00 

flie  total  cost  of  P  B  N  and  the  basin  would  be. . .     497, 112  50 


luite  probable  some  one  might  with  more  data  suggest  a  diflfer- 
I  perhaps  more  convenient,  or  better  shape  for  the  enlargement 
ttterior  basin,  than  bounded  by  the  blue  lines,  but  I  doubt  if  any 
be  planned  requiring  less  dredging.  Probably  out  of  all  the 
avated  from  the  basin,  11,076  cords  would  be  fit  for  crib-ballast, 
i  of  course,  would  belong  to  the  United  States. 
mount  of  stone  required  below  water  in  N  is  1,771^  cords,  and 
58  cords ;  that  for  P  has  already  been  contracted  tor  at  nearly 
cord  put  in  the  work.  After  the  stone  is  dredged  and  deposited 
cost  about  $2  per  cord  to  take  it  from  the  place  of  deposit  and 
the  cribs.  0^^ing  to  the  necessity  of  having  stone  in  reserve  to 
tely  fill  the  cribs  on  being  sunk,  we  could  not  depend  upon  the 
Innlping  scows  for  the  crib  filling.  With  the  number  3,839f 
y  to  fill  the  cribs  N  and  B,  we  coiUd  credit  the  work  at  $8  per 
lounting  to  $3P,718,  and  this  would  reduce  the  total  cost  of  all 
ind  the  dredging  for  the  basin,  to  $466,394  50.  And  as  Congress 
idy  appropriated  $100,000  for  P  and  B,  we  should  require  an 
al  appropriation  of  $366,394  50,  and  have  left  on  hand  after 
ng  these  works  7,236  cords  of  stone. 

answering  the  question  "  what  shall  be  done  with  the  stones  f 
le  liberty  of  bringing  to  notice  two  points  for  the  benefit  of  this 
rhich  it  would  be  well  to  carefully  consider  before  deciding  fully 
and  the  dredging  of  the  basin.    These  are  the  opening  of  an 
nnel  C,  and  the  construction  of  an  auxiliary  breakwater  D,  seen 
ketch.    By  reference  to  the  map  of  the  survey  made  by  Mr. 
«  under  the  dire^^tion  of  the  late  Major  Tardy,  corps  of  engineers, 
er,  1366,  it  will  be  seen  that  just  east  of  the  east  end  of  B  there 
hat  may  be  called  an  almost  natural  "east  entrance"  to  this  har- 
ng  12  to  13  feet  water  (see  Major  Tardy's  map)  just  inside  the 
r,  (see  Lieutenant,  now  Brevet  Brigadier  General,  WoodruflTsmap 
and  seven  feet  water  on  the  summit  of  the  reef  as  represented  by 
idings  of  Lieutenants  T.  S.  Brown  and  G.  Morell,  coq)S  of  engi- 
i  1835.     And  by  Major  Tardy's  map  there  is  shown  good  depth 
of  13  feet  from  C  quite  up  to  the  railroad  company's  pier. 
[stance  across  this  reef  at  C,  I  find  by  General  Woodruifs  map, 
feet  inside  to  12  feet  water  outside  in  the  lake,  is  only  550  feet. 
y  evident  that  whatever  changes  have  been  effected — and  they 
?n  considerable  inside  the  reef  in  dredging  by  the  railroad  com- 
other  causes — no  material  changes  of  any  consequence  have 
I  on  the  rock  of  the  reef  at  this  "east  entrance''  C,  since  Brown's 
•ell's  soundings  in  1835.    Now  1  assume  that  the  mean  depth  of 
in  this  rock  to  attain  the  depth  of  13  feet  below  low  stage  of 
ould  not  exceed  3.25  feet  in  the  width  of  350  feet,  and  for  a 
of  600  fe^t  from  13  feet  inside  to  13  feet  of  water  outside  of  the 
i  supiwse  the  worst  case,  that  it  is  all  rock,  such  an  opening  for 
require  25,278  cubic  yanls  of  rock  excavation ;  and  here  it  is 
3  remark  that  a  minute  sur\^ey  at  C  with  borings  might  develop 


[  BEPORT   OP   THE   SECRETARY   OF  WAR. 

ore  favor  able  material  for  a  large  portion  of  this  excavation  until 
irvey  is  made;  however,  I  shall  estimate  the  whole  as  rock  thatcaim 
oved  and  dumped  where  it  maybe  required  for  $4  per  cubic  yard,  wlii 
lid  bring  the  east  entrance  C  to  cost,  only  including  10  per  cent,  con 
cies,  $111,223  00.  We  see,  therefore,  that  C  would  cost  le«s  by  $174, 
n  the  basin  at  the  west  entrance,  or,  about  ^^  as  much.    The  t 
suggestion  is  the  auxiliary  breakwater  D,  to  extend  from  the  ea^^^ 
i  of  C  in  a  southeasterly  direction  to  the  mainland.    The  mea>^ 
th  of  water  in  which  it  would  stand  is  O^J^  feet,  and  its  lengt^^ 
lid  be  1,830  feet.    This  would  completely  defend  the  inner  harbo*^ 
ir  B  is  constructed  from  the  northeast  gales ;  indeed  the  whole  bar 
with  P,  B,  and  D  would  be  entirely  locked,  having  an  eastern  andj 
tern  entrance,  and  into  one  of  which  a  vessel  could  pass  at  all  time 
ler  the  heaviest  gales,  and  there  would  be  a  good  current  througl 
of  the  entrances,  sweeping  the  inner  harbor  out  through  the  otha 
i  cross-section  of  D  I  would  make  with  a  crib- work  on  the  lake  faoi 
'eet  wide  and  seven  feet  average  height,  filled  with  stone,  then  pntoi 
iperstructure  three  feet  high,  fill  it  with  stones  and  plank  it  over;  tl| 
of  this  work  would  be  three  to  four  feet  above  the  surface  of  the  wat€i 
^n  make  a  riprap  of  stone  on  the  inside  of  the  crib-facing,  the  crii 
ng  to  be  well  anchored  by  tree  trunks  with  a  foot  or  two  of  tB 
t)S  left  on.    [For  diagram  see  original.]    The  width  of  the  riprap  d 
to  be  20  feet  and  30  feet  on  the  bottom,  and  arching  on  top  so  as  I 
5  at  the  summit  to  a  height  of  five  feet  above  the  water  smface. 

ESTIMATE  OF  COST  OF  D. 

uppose  we  had  to  purchase  all  the  stone  at  $10  per  cord  delivered^ 
work,  and  other  work  at  the  contract  prices  we  are  now  paying  ft 
:he  items  would  be : 

iber,  lumber,  and  anchor  logs $16, 535  9$ 

a  bolts,  spikes,  and  nails 3, 296  1| 

)or  putting  in  the  timber,  &c 6, 908  S 

L6  cords  of  stone  in  facing  and  ripi-ap  at  $10 49, 160  0 

ler  cent,  contingencies 7, 589  8f 

Total  cost  of  D 83, 489  "R 

dit  by  the  stones  thatwouldcomeoutof  C  (or  the  basin) 

[)  be  put  into  D  to  the  amount  of  4,91G  cords,  at  $8 39, 328  OC 

iving  money  to  be  appropriated  for  D 44, 461  7 

this  add  costofC 111,223 

155, 684  7 
this  add  cost  of  P  and  B 148, 584  ' 

d  we  should  have  the  cost  of  P,  B,  C,  and  D 304, 268  7 


'rom  this  subtract  the  $100,000  Congress  has  already  appropriat 
P  and  B,  and  we  shall  have  $204,268  78,  for  the  sum  which  wonli 
have  to  be  appropriated  to  complete  P,  B,  C,  and  D,  a  sum  less  b, 
2,125  75  than  would  have  yet  to  be  approi>riated  to  complete  P,  B,' 
I  the  basin. 

II.  Comparison. — ^The  completion  of  P  and  B  is  necesary,  and  ha 
n  decided  upon.    The  question  may  now  be  decided  whether  it  L 
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best  not  to  construct  N  nor  the  basin,  but  construct  instead  C  and  D  ? 

Oris  it  best  to  construct  N  and  the  basin,  and  let  all  east  of  B  remain 

as  it  is  f   Que  more  remark:   should  N  and  the  basin  prevail,  we  have 

»^n  that  we  should  have  7,236  cortls  of  square  stone  which  coukl  be 

i^isited  along  the  line  of  D,  and  thence  packed  for  $200  per  cord  into 

•riprap  breakwater  which,  without  the  vertical  facing  on  the  lake  side, 

I  liwildcost  (10  per  cent,  for  contingencies  inclusive)  the  sum  of  $15,919  20, 

•^  the  cost  of  N,  P,  B,  the  basin,  and  such  a  riprap,  would  be  $482,313  70, 

-hying  yet  to  be  appropriated  $382,313  70. 

I  have  the  honor  to  be,  very  respectfully,  your  obedient  servant, 

T.  J.  CRAM, 
Colonel  Engineers^  Brevet  Major  General, 

Brevet  Major  Greneral  A.  A.  Humphreys, 

Brigadier  General^  Chief  of  Engineers  U,  8.  A. 


D6. 

United  States  Engineer  Office, 

Detroit^  December  27,  1867. 

SiE :  I  herewith  forward  my  report  supplemental  to  that  of  June  20, 

T,  upon  improvement  of  harbor  at  Buffalo,  New  York,  with  sketch, 

ins,  elevations,  drawings  in  sections,  profiles,  &c.,  and  i>rinted  descrii)- 

and  bills  of  materials  in  advertisement ;  the  supplement  contain- 

estimates  based  upon  bids  as  per  abstract  of  bids  for  materials  and 

)r  for  this  improvement. 

Bespectfully,  your  obedient  servant, 

T.  J.  CRAM, 
Colonel  Engineers^  Brevet  Major  General. 
Brevet  Major  General  A.  A.  Humphreys, 

Brigadier  Generalj  Chief  of  Engineers  TJ.  8.  A. 


\t  t<^  the  report  upon  the  improvement  of  the  harbor  at  Buffalo^ 
9iade  of  date  20th  June^  1867,  by  Brevet  Major  General  T.  J.  Gram^ 
wfoiict  of  engineers. 

In  chapter  6  of  that  report,  the  grand  project  for  the  improvement 
in  items  as  follows : 

1.  Bepair  and  i>rotect  the  existing  piers  S  and  N.    2.  Extend  pier  S. 
Bemove  some  of  the  south  part  of  the  Erie  basin  breakwater.    4.  Con- 

ict  a  new  breakwater,  B*.    5.  Report  upon  a  navigable  ship  passage 

reen  the  lake  and  Buffalo  creek  at  the  south  part  of  the  city. 
The  localities  of  the  various  works  existing  and  contemplated,  are 

)wn  on  the  accompanying  sketch,  the  existing  old  works  in  black, 

*  the  proposed  new  works  in  red. 
The  accompanying  drawings  in   plan,  elevation  and  section,  together 
*th  the  printed  advertisement,  wiU  fully  explain  all  that  will  be  neees- 

r,  in  details,  for  comi)rehending  the  constructions  and  modifications 

These  drawings,  the  bills  of  materials,  and  amounts  of  the  different 
Is  of  labor  required  for  the  execution  of  the  works,  are  all  based 
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upon  surveys,  soundings,  levelings,  borings,  &c.,  which  I  directed  to  be 
made  by  Brevet  Lieutenant  Colonel  F.  Harwood,  captain  of  engineers, 
(my  assistant,)  during  the  past  summer,  and  which  were  completed  in 
October. 

All  the  different  features  of  the  grand  project  have  been  before  the 
interested  portion  of  the  public  since  last  June ;  much  discussed,  com- 
mented upon,  pondered,  and  digested.  I  have  not  heard  a  dissenting 
voice,  but  all  of  the  intelligent  and  well-qualified  persons  who  are  con- 
versant with  this  harbor  and  the  navigation  of  the  lakes,  and  who  have 
expressed  their  opinions  pretty  freely  upon  the  subject,  approve  of  the 
project.  Since  the  surveys  have  come  in  to  enable  me  to  fully  judge  the 
question,  I  have  come  to  the  conclusion  that  the  ship  passage,  item  5, 
should  form  a  part  of  the  improvement. 

The  order  of  prosecuting  the  work  should  be  as  follows : 

First,  accomi)lisli  Divisions  I,  II,  III,  explained  in  the  advertisement, 
and  which  embrace  items  1,  2,  stated  in  the  beginning  of  this  supple- 
ment. 

Next,  accomplish  Division  IV,  explained  in  the  advertisement,  which 
is  what  the  surveys  indicate  it  may  be  necessary  for  us  to  do  after 
1  and  2  are  completed,  and  which  was  not  referred  to  in  my  rei)ort  of 
June  20. 

Next,  accomplish  Division  VI,  explained  in  the  advertisement,  and 
which  embraces  item  3,  in  this  supplement. 

Next,  accomplish  Division  V,  explained  in  the  advertisement,  and 
which  embraces  item  4,  in  this  supplement. 

Next,  accomplish  Division  VII,  explained  in  the  advertisement,  and 
which  embraces  item  o,  in  this  supplement. 

By  strictly  following  this  order  in  the  prosecution  of  the  improvement, 
we  shall  make  what  money  we  have,  very  nearly  $200,000,  accomplish 
certain  steps  in  the  grand  project,  completing  each  so  a^  to  yield  imme- 
diate benefit  to  the  harbor,  and  incur  no  risk  of  a  stopi)age  in  a  step 
andleaving  it  incompleted  for  the  want  of  funds,  looking  steadily,  how- 
ever, and  hopefully  to  the  entire  completion  of  all  the  divisions,  as  Con- 
gi'ess  may  make  the  needful  appropriations. 

I  have  no  doubt,  upon  a  proper  application  being  soon  made,  the  con- 
sent to  our  removing  part  of  the  New  York  State  "  Erie  Basin  Break- 
water," Division  VI,  in  the  advertisement,  will  be  cheerfully  given. 

"It  is  upon  the  foregoing  order  of  doing  the  work  that  1  have  made 
out  the  following  estimate  of  the  cost,  materials  and  labor,  of  accom- 
plishing each  of  the  seven  divisions,  based  upon  prices  in  bid  No.  o,  in 
the  abstract,  which  is  somewhat  higher  than  and  next  above  the  lowest, 
because  I  am  not  certain  that  bidders  No.  14,  who  are  generally  the 
lowest,  will  abide  by  their  bids  for  all  the  classes  upon  which  they  are 
the  lowest,  when  we  come  to  the  awarding,  and  being  pretty  certain 
that  bidders  No.  5  will  stick  to  theirs,  should  No.  f  4  back  out.  By  taking 
bid  No.  5  to  estimate  upon,  I  am  sure  of  being  upon  the  safe  side,  and 
having  left  of  the  appropriation  a  handsome  margin  for  contingencies. 

ESTIMATE. 

Cost  of  Division  T,  materials  and  labor $19,842  67 

Cosit  of  Division  II,  materials  and  labor,  .-w 2,443  07 

Cosf  of  Division  in,jnaterials  and  labor. .  ^ . » 15,138  55 

Cost  of  Division  IV,'inaterials  and  labor: 3,600  00 

Cost  of  Division  V,  materials  and  labor 25,820  00 
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jf  Division  VI,  materials  and  labor $408,683  79 

>f  Di\ision  VII,  materials  and  labor 166,698  85 

Total 642,226  83 

r  the  lowest  responsible  bids  upon  classes  A,  B,  C,  D, 
*,  for  all  the  Divisions,  and  sup|K)sing  the  bidders  will 
pt  the  awards,  the  total  cost  is  found  to  be 579,233  97 

flference  between  which  and  the  former  total  is 62,992  S6 

difference,  should  it  be  realized,  and  which  depends  ui)on  the 
bidders  upon  classes  accepting,  would  give  us  a  large  and  ami)le 
t  for  all  contingencies. 

dso  perceive  that  with  the  appropriation  in  hand,  we  can  accom- 
Hvisions  I,  II,  III,  IV,  costing  ui>on  bid  No.  5,  $66,844 19,  and 
ft  over  $131,000. 

by  a  further  analysis  it  is  easily  seen  that  ujion  the  lowest  bids 
claases,  we  have  money  enough  already  appropriated  to  accom- 
^ivisions  I,  II,  III,  IV,  VI,  VII,  and  enough  left  for  inspection 
ce  expenses  besides,  leaving  Division  V,  the  proposed  breakwater, 
)e  i>rovided  for  by  Congress,  making  an  api>ropriation  of  $408,683, 
ition  to  what  we  have  in  hand  for  the  "  entire  and  permanent 
tion  ^  of  the  grand  project. 

allowing  the  suggestions  in  my  letter  of  transmittal  of  the  abstract, 
'ion  to  drawing  the  contract  with  the  stated  conditions,  we  could 
contract  for  all  the  divisions,  and  have  money  enough  to  comijlete 
steps  but  Division  V. 

would  change  somewhat  the  order  before  stated  of  prosecuting 
rks ;  it  would  make  Division  V  change  places  with  Division  VII, 
stiitement. 

further  seen  that  I  have  all  along  been  treating  this  analysis  upon 
est  side  for  the  government,  and  for  the  money  in  hand,  having 
t  puq)08e  sui)posed  a  backing  out  when  we  come  to  award  to  the 
upon  classes. 

here,  and  in  justice  to  bidders  No.  14, 1  must  add  that  I  have  as 
eived  no  evidence  that  they  will  not  promptly  accept  the  awards, 
re  no  doubt  they  will — as  soon  as  I  am  authorized  to  notify  them 
conti^act  with  them — ^i>romptly  respond  "aye.'' 
aid  respectfully  draw  attention  to  the  following  comparison  : 
y  repoi-t  of  June  20  last,  ceitain  facts  and  arguments  are  given, 
lich  impelled  dissent  from  the  former  plan,  (estinuited  to  cost 
OOO,  and  upon  which  Congress  had  appropriated  $200,000,)  and 
idvocated  the  plan  now  under  consideration ;  of  this  the  engineer 
ment   expressed  itself  "inclineci  to  approve,"  in  its  letter  of 
last. 

ted  in  that  report  that  the  cost  of  what  I  i)roposed  "  would  not 
t  to  so  much,"  as  the  estimate  of  the  cost  of  the  plan  I  dissented 

now  seen  that  the  cost  does  not  amount  to  so  much,  by  somewhat 
tan  eleven  hundred  thousand  dollars.  And  I  believe  the  plan  which 
imended  was  proven  conclusively  to  be  a  better  one  for  the  com- 
n  all  its  requirements,  with  stronger  works,  too,  than  the  pli^n 

ed  from.  4.    ii   • 

Delusion  I  have  merely  to  add,  that  with  thiB  supplement  au  is 
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forwarded  which  has  been  required  in  engineer  department  letters  of 
July  9,  and  November  16, 1867,  and  not  before  forwarded. 
I  have  the  honor  to  be,  very  respectfully,  your  obedient  servant, 

T.  J.  CRAM, 
Colonel  Engineers^  Brevet  Major  Oeneral. 

Brevet  Major  General  A.  A.  Humphreys, 

Brigadier  General^  Chief  of  Engineers  U.  8.  A.j  Washington^  D.  C 


To  Contractors. 

United  States  Engineer  Office, 

111  Oriswold  Street^  Detroit^  Michigan. 

Sealed  proposals  in  duplicate,  written  out  in  the  form  hereinafter 
described,  will  be  received  by  the  undersigned,  for  furnishing  materials 
and  doing  the  work  for  improving  the  harbor  at  Buffalo,  New  York, 
until  noon  of  the  25th  of  Xovemberj  1867. 

For  easy  reference  and  understanding,  the  improvements  axe  put 
under  the  following  divisions : 

Division  I. 

Repairs  and  preservation  of  slope  of  old  stone  revetment  around  head 
of  south  pier,  requiring — 

36  round  piles,  24  to  26  feet  long^  12  inches  diameter,  exclusive  of 
bark  at  middle,  of  best  quality  of  white  oak. 

26  water  sills,  6  by  12,  in  lengths  from  10  up  to  38  feet — in  all  641  run- 
ning feet. 

25  binders,  4  by  8,  in  lengths  15  to  30  feet — in  all  596  running  feet. 

343  side,  end,  and  tie  timbers,  12  by  12,  in  lengths  of  6  up  to  30  feet— 
7,487  running  feet. 

265  joists,  2J  by  12,  in  lengths  from  6  to  15  feet — 6,633  feet,  board  mea- 
,  sure. 

332  planks,  2  by  12,  in  lengths  from  18  to  28  feet— 15,692  feet,  board 
measure. 

In  this  division  the  i>ieces  of  timber  in  lengths  of  20  feet  and  under, 
will  amount  to  52,534  feet,  board  measure. 

Above  20  to  24  feet,  inclusive,  will  amount  to  7,686  feet,  board  mea- 
sure. - 

Above  24  to  38  feet,  incusive,  will  amount  to  35,059  feet,  board  mea- 
sure. 

And  only  one  38-feet  stick,  the  others  not  exceeding  30  feet. 

14*i  bars,  1  inch  square,  drift-bolt  iron,  16  fe^t  long — 7,526  pounds. 

116  nut  and  screw,  2  washer  bolts,  1  inch  round  iron  20  inches  long 
from  inside  of  head  to  end  of  the  screw — 1,160  pounds. 

5  inch  wrought  spikes,  5-16  diameter — 1,084  pounds. 

219  cords  of  rubble  stone,  to  till  to  bottom  of  lop-side  timbers. 

100  cords  of  brush  in  bound  bundles  of  12  inches  in  diameter,  and  8 
.  to  12  feet  in  length,  to  be  put  under  wat^r. 

In  this  old  south  pier  there  are  several  places  in  which  breaches 
tlirpugh  the  outer  wall  or  crust  of  the  masonry  have  been  made,  in  all 
amounting  to  some  3,908  cubic  yards  of  rubble,  dry,  and  cement  masonry. 
The^  to  be  repaired  by  masonry  similar  to  the  old  work. 

It  will  also  require  326  cords  of  rubble  stone  to  fill  in  behind  the  super- 
structure, so  a^  to  bring  the  revetment  of  the  slope  to  top  of  super- 
structure. 
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Division  II. 

Bepair  and  preservation  old  north  pier,  requiring — 

%  cords  of  stone,  which  have  fallen  out  of  the  outer  extremity  of  the 

\  qH  work,  to  be  raised  from  under  water  by  dredging,  and  piled  on  north 

«r  sooth  pier,  or  on  both.    Among  these  stones  there  will  probably  be 

*boat  123  cubic  yards  of  sand  also  to  be  raised  and  dumped  where  it 

tiD  do  no  harm,  and  which  will  be  paid  for  besides  paying  for  dredging 

the  stones;  all  this  dredging  to  a  depth  of  14  feet  of  water,  to  allow  of 

lotting  in  a  new  head  to  this  pier,  consisting  of  a  crib  25  feet  long,  10 

eet  wide,  to  be  sunk  alongside  of  old  pier  in  l-l  feet  of  water;  and 

nother  crib  25  feet  long,  14  feet  wide,  to  stand  in  five  feet  of  water,  and 

)  be  fastened  upon  the  old  crib-work.    And  a  superstructure  of  wood 

Bd  stone,  (to  be  put  on  these  new  cribs,)  25  feet  long,  24  feet  wide,  and 

feet  high;  the  cribs  and  superstructure  to  be  filled  with  stone  and  the 

wk  planked  over. 

The  new  head  will  require  for  the  construction  of  the  crib  under 

ater— 

4  round  piles,  not  less  than  12  inches  diameter  at  middle,  24  feet  long — 

65t  quality  of  white  oak. 

H  side,  end,  and  tie  timbers,  12  by  12,  of  lengths  from  10  to  25  feet — iit 

i^e  1,482  running  feet. 

8  bottom  timbers,  8  by  10, 10  feet  long — 80  running  feet. 

4  scantling,  3  by  4, 16^  feet  long — ^64  feet,  board  measure. 

16  boards,  1  by  12, 11  feet  long — 176  feet,  board  measure. 

And  for  the  superstructure  above  water — 

30  side,  end,  and  tie  timbers,  12  by  12,  in  lengths  of  24  and  25  feet — in 

bese  735  running  feet. 

12  joists,  2  by  12,  llf  feet  long — ^294  feet,  board  measure. 

23  planks,  2  by  12,  24  feet  long — 1,104  feet,  board  measure. 

40  bars,  1  inch  square  drift-bolt  iron,  16  feet  long,  for  cribs  and  super- 

tructnre— 2,120  pounds. 

6-inch  wrought  spikes,  5-16  inches  diameter — 2  pounds. 

^inch  wrought  spikes,  5-16  inches  diameter — 66  pounds. 

l<)-penny  cut  nails — 2i  pounds. 

46  cords  of  stone  to  fill  up  to  bottom  of  top  timber. 

Tu  repair  the  dry  masonry  coping  of  the  old  pier  will  require  about 

li  cubic  yards  of  old  stones,  from  those  to  be  dredged  up  and  to  be 

•q^laced,  as  coping,  in  workmanship  as  formerly,  and  as  now  to  b©  seen 

i  the  nnim'paired  part  of  this  pier. 
In  this  di\i8ion  the  timber,  in  lengths  of  20  feet  and  under,  will  amount 

b  6^917  feet,  board  measure. 

Above  20  to  24  feet,  inclusive,  to  4,320  feet,  board  measure. 
Above  24  to  25  feet,  inclusive,  to  16,500  feet,  board  measure. 

Division  III. 

Extetmon  of  south  pier j  commonly  called  light-home pi^, 

This  extension  to  be  done  by  sinking  eight  cribs  end  to  end,  none  in  . 
than  14  feet  of  water  below  the  low  stage,  and  posing  six  of  them  on 
svel  bed,  produced  by  dredging  sand  to  the  amount  of  616  cubic  yards, 
h  crib  in  the  series  to  have  four  stay  piles  driven,  one  in  each  interior 
toer,  and  to  be  filled  with  stones.  Crib  No.  1  to  be  on  one  side  23, 
W  on  the  other  33  feet  long,  making  one  end  oblique  to  the  sides,  and 
^  feet  wide.    Cribs  Nos.  2,  3,  4,  5,  6,  to  be  30  feet  long,  and  24  feet 

14  w— Part  n 
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wide.  Cribs  Nos.  7  and  8  to  be  30  feet  long,  and  26  feet  wide,  to  stand 
on  natural  bed  in  water  from  14  to  15J  feet  deep  below  said  stage,  and 
their  bottom  side  timbers  to  be  so  shaped  as  to  fit  the  bed,  by  making 
one  end  deeper  than  the  other,  so  that  the  upper  side  of  said  timbers 
shall  be  horizontal. 

Over  the  cribs  and  extending  back  quite  even  with  the  center  of  the 
light-house,  there  is  to  be  a  superstructure  of  timber,  rising  six  feet 
above  water,  filled  with  stones  to  bottom  of  top  timber,  and  then  to  be 
planked  over.  One  side  of  the  superstructure,  as  it  extends  back  from 
the  crib  No.  1,  to  rest  upon  the  old  close  row  of  piles  now  standing,  and 
the  other  side  to  rest  upon  the  old  stone  revetment.  The  total  length 
of  the  superstructure  is  318  feet.  The  portion  resting  on  the  crib  is  24 
feet  in  length. 

The  eight  cribs  require  for  construction — 

572  side,  end,  and  tie  timbers,  12  by  12,  in  lengths  from  22  to  23  feet— 
in  these  15,246  running  feet. 

2  leveling  timbers,  10  by  12,  30  feet  long,  to  be  hewed  to  fit  slanting 
bottom — 60  running  feet. 

105  crib  bottom-pieces,  8  by  10,  in  lengths  from  15  to  26  feet — 2,527 
running  feet. 

12  braces,  8  by  8,  9  feet  long — 108  running  feet. 

7  sticks,  6  by  12,  from  15  to  26  feet  in  length,  some  for  water  sills,  and 
some  for  leveling  up  the  work — 141  running  feet. 

4  binders,  4  by  8,  in  lengths  from  10  to  30  feet — 73  running  feet. 

271  crib  bottomboards,  1  by  12,  of  lengths  11  and  18  feet— 4,794  feet^ 
board  measure. 

23  clamps,  2  by  12, 14  feet  long — 644  feet,  board  measure. 

31  scantling,  3  by  4,  in  lengths  12,  22,  and  24  feet— 688  feet,  board 
measure. 

The  whole  superstructure  requires  for  its  construction — 

308  side,  end,  and  tie  timbers,  12  by  12,  of  lengths  from  5  to  32  feet— 
in  these  6,397  running  feet. 

6  braces,  8  by  8,  9  feet  long — 54  running  feet. 

314  joists  and  planks,  2  by  12,  in  lengths  10,  22,  24,  and  26  fee^in 
these  14^316  feet,  board  measure. 

174  joists,  3  by  12, 10  feet  long — 5,220  feet,  board  measure.  * 

28  white  oak  round  piles  for  staying  cribs,  no  less  than  12  inches  in 
diameter  at  middle,  excluding  bark,  of  which  20  to  be  24,  and  8  to  be 
28  feet  long. 

330^  bars  1  inch  square  drift  bolt  iron,  16  feet  long,  for  cribs  aad 
superstructure — 17,516  ijounds. 

17  round  inch  iron  nut  and  screw,  and  2  washers,  bolts  22  inches  loDg 
from  inside  of  head  to  point  of  screw — 170  pounds. 

6-inch  wrought  spikes,  5-16  diameter — 161  pounds. 

5-inch  wrought  spikes,  5-16  diameter — 826  pounds. 

10-penny  cut  nails — ^24  pounds. 

669  cords  of  rubble  stone,  for  cribs  and  superstructure. 

In  this  division  the  pieces  of  timber,  in  lengths  of  20  feet  and  under, 
amount  to  36,177  feet,  board  measure. 

Above  20  to  include  24  feet — 110,984  feet,  board  measure. 

Above  24  to  include  33  feet — 131,907  feet,  board  measure. 

Division  IY. 

Dredging  for  channel. 

After  the  work  in  Di>isions  I,  IT,  III,  shall  have  been  done,  it  may 
become  necessary  to  dredge  the  space  between  the  extension  of  the  south 
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the  prolon^tion  of  the  line  of  north  pier  to  obtain  a  depth  of  chan- 
of  14  to  15  feet  below  the  low  stage.  This  will  be  estimated  in  cubic 
la,  and  the  price  for  dredging  and  dumping  the  same  out  of  the  way 
eep  water  to  be  bid  for.  Our  surveys  now  show  about  12,000  cubic 
Is  of  this  dei)08it  requiring  removal. 

Division  V. 

Breakwater  to  improve  tlie  ex^isting  harbor  and  to  afford  refuge. 

liis  is  designed  to  be  about  4,000  feet  long,  to  stand  in  a  straight  line 
iiich  the  average  dei)th  of  water  below  low  stage  is  27  feet ;  to  con- 
of  cribs  50  feet  long,  placed  end  to  end,  made  of  square  timbers, 
sides  of  the  cribs  to  rise  from  the  bottom  with  a  batter  of  ^J^  so 
ribs  shall  be  18  feet  wide  at  the  low-water  surface,  and  thence  the 
of  the  superstructure  to  rise  vertically  eight  feet  above  said  surface, 
ridths  of  the  cribs  at  bottom  will  be  from  31^  to  36  feet,  according 
B  depths  in  which  they  are  to  stand,  the  whole  work  to  be  filled  with 
e  stones  up  to  bottom  of  top  timbers  and  planked  over, 
e  cribs,  80  in  number,  will  require  for  their  construction  17,610  side, 
,  and  brace  timbers,  12  by  12,  of  lengths  firom  12  to  35  feet,  amount- 
)  453,923  running  feet ;  4,272  end  timbers,  11 J  by  12,  lengths  18f  to 
et,  amounting  to  116,735  ninning  fe^t;  160  bottom  cross-ties 
12,  lengths  31 J  to  35|  feet,  amoimting  to  5,415  running  feet ;  1,760 
bottom  timbers,  8  bv  10,  lengths  3l|  to  35^  feet,  59,757  running 
m  tie  braces  6  by  S]  all  18  feet  long",  11,520  running  feet ;  10,264 
m  boards,  1  by  12,  12  feet  long,  123,168  feet  board  measure ;  1,824 
)  and  leveling  pieces,  2  by  12,  lengths  12  to  26  feet,  63,392  feet  board 
ire;  338  scantling,  3  by  4,  lengths  10  to  17  feet,  5,090  feet  board 
are. 

e  superstructure  above  said  low  stage  will  require  for  its  c^nstruc- 
4,300  side,   end,  and  tie  timbers,  12  by  12,  leugtlis  10  to  30  feet, 

0  ninning  feet ;  16  corner  braces  8  by  8,  all  9  feet  long,  114  running 
2,400  joice  3  by  12,  all  10  feet  long,  72,000  feet  board  measure ; 
,  covering  planks,  2  by  12,  all  18  feet  long,  132,948  feet  board  meas- 
12,769  bars  of  one  inch  square  drift  bolt-iron,  16  feet  long  for  cribs 
aperstructure,  676,662 pounds ;  5-inch  wrought  sx)ike8five-sixteenths 
eter,  13,431  x>ounds ;  6-inch  wrought  spikes  five-sixteenth  diameter, 

pounds ;  lO-penny  cut  nails,  1,220  pounds ;  19,596  cords  rubble 
*  for  cribs  and  superstructure. 

this  division  the  lengths  of  timber,  20  feet  and  under,  amount  to 
,080  feet  board  measure ;  above  20  to  include  24  feet,  1,890,291  feet 

1  measure ;  above  24  to  include  36  feet,  3,366,134  feet  board  measure, 
is  division  cannot  be  executed  until  further  api)ropriation  by  Con- 
» for  this  harbor. 

Division  VI.     • 

In  reference  to  Ene  breakwater. 

is  part  of  the  improvement  consists  in  removing  the  south  end  of 
few  York  State  work  known  as  the  Erie  breakwater,  for  an  extent 

2  feet^  provided  consent  can  be  obtained,  and  which  will  be  applied 
iring  the  next  session  of  the  legislature.  Therefore  the  work  ad- 
Kd  for  in  this  Division,  VI,  is  contingent,  and  not  to  be  put  under 
act,  of  course,  until  said  consent  be  obtained.  Nevertheless  it  is 
ned  to  receive  projiosals  for  removing  that  ywrtion  of  this  structure 
1  our  surveys  show  to  consist  of  a  line  of  timber  cribs,  24  feet  wide, 
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filled  with  rubble  stones,  and  upon  wliicli,  as  part  of  the  foundation  and 
the  natural  bed  of  the  lake  another  part,  rests  a  rubble  stone  work, 
faced  with  hammered  or  cut  stone  on  one  side.  Around  the  foot  of  the 
work  a  row  of  piles  has  been  driven  to  protect  the  stones  fix)m  the  action 
of  the  surf. 

The  stone,  crib-timbers,  and  piles  to  be  removed  clean  to  the  original 
bottom.  The  width  at  base,  including  the  crib- work  on  the  bottom,  is 
nearly  100  feet,  and  from  the  bottom  up  to  the  summit  of  the  break- 
water it  is  25  feet.  The  water  around  the  work  to  be  removed  is  12  feet 
deep. 

There  are  1,561  cords  of  stone  to  be  removed  from  under  water,  and 
630  cords  from  above  water;  of  which  190  cords  are  cut  stones.  All  the 
other  are  rough  rubble.  There  are  also  to  be  removed  8,904  running 
feet  of  crib-timbers  from  under  water,  and  430  piles,  more  or  less,  to  l^ 
pulled. 

Such  of  the  stones,  about  2,000  cords,  as  are  unfit  for  masonry,  are  by 
the  contractor  for  the  removal  to  be  put  (if  the  consent  of  the  State  can 
be  obtained)  into  the  work  of  repairs  and  improvements  contemplated  in 
Divisions  1,  III  and  V,  and  the  stones  fit  for  masonry,  piles,  and  old  tim- 
bers to  be  deposited  by  him  at  a  convenient  place  to  be  designated  by 
the  engineer  in  charge. 

For  each  of  the  Di^isions  I,  II,  III,  V,  VII,  the  timber  and  lumber  are 
to  be  made  from  good  live  hard  or  white  pine,  or  white  oak,  as  specified, 
and  to  be  truly  and  squarely  sawed  to  dimensions,  free  from  rotten  knots, 
splits,  shakes,  wane,  or  other  defects  tending  to  impair  durability  or 
strength.  Some  of  the  very  longest  may  be  delivered  in  counter-hewed 
sticks,  if  more  convenient  for  the  contractor,  all  to  be  delivered  on  land 
at  such  points  as  the  engineer  in  charge  may  direct. 

The  timber  for  Divisions  I,  II,  III,  all  to  be  delivered  by  the  31st  of 
July,  1868,  and  for  Divisions  V  and  Vn,  during  the  years  1868,  1809, 
1870,  should  Congress  make  the  needful  appropriations. 

And  all  the  work  in  Divisions  I,  II,  III,  to  be  completed  in  the  year 
1868,  and  the  work  in  Divisions  IV,  V,  VI,  VII,  to  be  completed  during 
the  years  1868, 1869, 1870,  if  the  consent  to  VI  be  obtained  and  adequate 
appropriations  be  made. 

The  plans,  specifications,  drawings,  and  detail  bills  of  all  materials,  are 
to  be  seen  in  this  office,  and  may  be  inspected  by  any  one  desiring  to 
bid,  between  the  hours  of  12  and  1  o'clock,  during  the  first  two  weeks 
in  November. 

CLASSIFICATION    OF    ISIATERIALS    AND    LABOR — ^EVCPROVING    BUFFALO 

HARBOR — ^DIVISIONS  I,  II,  III,  V,  AND  VI. 

Materials. 
Class  A. 

Item  1. — Round  piles  to  be  bid  for  furnishing  and  delivering,  and  paid 
for  by  the  running  foot,  Di\asions  I  and  II. 

Class  B. 

Item  1. — All  sawed  stnff  to  be  bid  for  furnishing  and  delivering,  and 
paid  for  by  the  M  feet,  board  measure,  at  one  uniform  price,  whatever 
may  be  the  lengths,  and  whether  of  oak,  white  or  hard  pine,  for  DiviS' 
ions  I,  II,  III,  and  V. 
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Class  C. 

Itm  1.— Nut  and  screw  and  washer  bolts, 
/fm  2.— Drift  bolt  iron. 
Itm  3.— Wrought  spikes. 

Item  4.— Cut  nails,  eaeh  to  be  bid  for,  fiirnishing  and  delivering,  and 
[laid  for  by  the  pound,  for  DiAisions  I,  II,  III,  and  V. 

Labor. 

Class  D. 

Item  1.— Preparing  and  driving  piles,  to  be  bid  and  paid  for  per  pile, 
"raons  I,  II,  and  lU. 

Item}, — ^Dredging  and  dumping  to  place  in  the  cribs  in  Division  III 
id  or  other  dirt,  to  be  bid  and  paid  for  by  the  cubic  yard. 
[Item  3. — ^Dredging  or  raising  and  piling  stone.  Division  II,  to  be  bid 
'  paid  for  by  the  cord. 

Item  4. — ^Dredging  and  dumping  sand  or  other  dirt  in  Division  II,  to  be 
'  and  paid  for  by  the  cubic  yard. 

Utetn  5. — ^Framing,  fitting,  placing,  boring,  cutting  the  bolts,  bolting, 
tening  and  securing  cribs  or  other  work  under  water  in  place,  whether 
le  of  sawed  or  hewn  timber,  to  be  bid  and  paid  for  upon  the  lineal 

measured  in  the  work,  of  timber  of  whatever  size  so  put  in  the 

i.  Divisions  I,  II,  III,  and  V. 
te»»  6. — Framing,  fitting,  boring,  cutting,  iron  for  bolts,  bolting  and 
tening  in  place  superstructure,  above  low  stage  of  water,  to  be  bid 
"  paid  for  upon  the  lineal  foot  of  timber  so  put  in  and  measui'cd  in 

work. 

Item  7. — Fitting  and  fastening  scantling  and  boards,  gaining  and  spik- 
joists,  and  the  fitting,  boring,  and  spiking  plank,  all  to  be  bid  and 
*  for  by  the  M  feet,  board  measure,  therein  contiiined  in  Divisions 

I,  lU,  and  Y. 

Item  8. — Furnishing  and  putting  all  brush  in  bundles  in  the  work,  to 
iWd  and  paid  for  hj  the  cord,  measured  in  the  w^ork.  Division  I. 
Item  9. — Furnishing  and  putting  in  the  work  rubble  stone,  to  be  bid 
"  paid  for  by  the  cord,  measured  in  the  work.  Divisions  I,  II,  III,  and  V. 
Item  10. — ^Taking  from  south  or  north  pier  the  stone  to  be  piled  thereon, 

putting  the  same  into  the  work.  Divisions  I,  II,  or  III,  to  be  bid  and 

'  for  by  the  cord. 
[Item  11. — Ilemo^ing   and   depositing  the  stones  which  are  fit  for 

)nry,  Division  YI,  to  be  bid  and  paid  for  by  the  cord. 
Item  12. — Removing,  by  dredging  or  otherwise,  stones  which  are  unfit 

mafionry,  Division  YI,  and  depositing  them  in  the  works,  Di\isions  I, 

1  and  V,  to  be  bid  and  paid  for  by  the  cord. 

Item  13. — ^Removing  all  old  timber.  Division  YI,  to  be  bid  and  paid  for 

"the  cord. 

^Item  14. — Pulling  old  piles.  Division  YI,  to  be  bid  and  paid  for  by  the 

ft  mast  not  be  forgotten  that  items  11, 12, 13,  and  14,  are  contingent 
the  consent  of  the  New  York  legislature. 

Class  E. 

'tern  1. — All  dredging  and  dumping.  Division  LV,  required  between  the 
tension  of  south  and  prolongation  of  the  line  of  the  north  pier,  to  make 
depth  of  14  to  15  feet  channel  way,  to  be  bid  and  paid  for  by  the  cubic 
ml  of  sand  or  other  dirt  measured  in  the  bed. 


214       report  of  the  secretary  op  war. 

Class  F. 

Items  1,  2. — ^Eepairing  breaches  of  masonry  in  old  sonth  pier  by  cement 
and  dry  stone  masonry  as  good  as  that  of  the  pier,  and  relaying  coping 
of  north  pier  where  damaged,  to  be  bid  for  by  the  cubic  yard,  the  con 
tractor  having  the  privilege  of  taking  the  stones  for  these  purposes  from 
any  of  those  not  in  place  and  belonging  to  the  United  States,  he  finding 
mortar  at  his  own  expense. 

In  making  proposals  the  following  form  is  to  be  strictly  followed, 
prices  to  be  inserted  where  the  blanks  occur: 

To  Brevet  Major  General  T.  J.  Cram,  U.  S.  Corps  of  Ewfineers : 

The  imdersigned  will  furnish  the  materials  for,  and  do  the  work  in 
any  or  all  of  the  Di\ision8  I,  II,  III,  IV,  V,  VI,  at  the  option  of  the 
United  States,  as  per  your  advertisement  for  im[)roving  the  harbor  at 
Buffalo,  at  the  following  prices: 

Class  A. — Item  1,  for cents  per  running  foot. 

Class  B. — Item  1,  for  — —  dollars  per  M,  board  measure. 

Class  C. — Item  1,  for  — —  cents  per  pound;  item  2,  for cents  per 

I)Ound ;  item  3,  for cents  per  pound ;  item  4,  for cents  per 

X)ound. 

Class  D. — Item  1,  for dollars  per  pile ;  item  2,  for cents  per 

cubic  yard ;  item  3,  for dollars  per  cord;  item  4,  for cents  per 

cubic  yard ;  item  5,  for cents  per  running  foot ;  item  6,  for ceuts 

per  running  foot ;  item  7,  for  -. dollars  per  M,  board  measure;  item 

8,  for dollars  per  cord ;  item  9,  for dollars  per  cord ;  item  10, 

for dollars  per  cord ;  item  11,  for dollars  per  cord ;  item  12, 

for dollars  per  cord ;  item  13,  for dollars  per  cord ;  item  14, 

for dollars  per  pile. 

Class  E. — Item  1,  for cents  per  cubic  yard. 

Class  F. — Item  1,  for dollars  per  cubic  yard,  in  cement ;  item  S-j 

for dollars  per  cubic  yard,  if  dry. 

[Here  the  bondsmen's  names  [Here  the  bidder  signs  his 

are  signed.]  name  and  addi^ess.] 

Tlie  bondsmen  must  be  citizens  of  the  United  States,  and  the  bidder  i* 
to  send  duplicates  of  his  sealed  proposals  in  the  form  above  given,  wid 
two  copies  of  this  advertisement,  to  the  undersigned.  There  may  t^ 
separate  proposals  made  in  the  form  given,  however,  for  materials  aiJt^ 
work.  Any  bid  for  one  item,  without  bidding  for  all  the  items  in  a  clas^ 
will  be  rejected.  The  goveniment  reserves  the  right  of  rejecting  any  o^ 
all  bids,  and  for  all  government  materials  put  in  i^ossession  of  a  contract^:^^ 
for  doing  work,  he  will  be  held  accountable  until  the  materials  are  us^^ 
up  in  the  work,  and  the  work  accei)ted ;  and  the  government  also  reserre^ 
the  right  for  the  engineer  to  XKry  the  dimensions  and  amounts  of  the 
materials  at  his  option,  to  suit  contingencies  that  may  arise  either  ii' 
plans,  construction,  or  appropriations  of  Congress  by  giving  the  con- 
tractor due  notice  of  the  change. 

Division  VII. 

This  part  of  the  improvement  of  Buffalo  harbor  consists  in  opening  a 
canal  2,820  feet  long,  and  200  feet  wide,  from  14  feet  water  in  the  lake, 
to  14  feet  water  in  Buffklo  creek,  at  a  site  about  one  and  one-eighth  mile 
south  of  the  present  south  pier,  and  to  a  depth  of  14  feet  below  the  low  ! 
water  stage.    This  division,  howe\'er,  is  contingent,  and  requires  further 
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iction  of  Congress  in  reference  to  an  appropriation  for  the  fullest 
tepfDvemeut  and  completion  of  Buffalo  harbor  before  being  put  under 

Etoct  ^Nevertheless  a  minute  survey  and  estimate  having  been  made 
it,  i^eparate  proposals  are  invited  for  furnishing  the  materials  and 
ig  the  work  in  this  division  which  is  divided  into  Sections  A,  B,  C. 
^ Section  A,  firom  lake  shore  line  to  14  feet  water  in  the  lake,  must  have 
ro  piers,  one  1,058  and  the  other  1,000  feet  long,  20  feet  wide,  five  feet 
ore  water,  which  it  is  proposed  to  build  upon  the  plan  now  in  success- 
Ill  execution  at  Cleveland,  called  the  "  close  pile  pier,"  designed  by 
mieral  Cram,  and  which  the  surveys  show  to  be  well  adapted  to  the 
Hie  at  BuffiEilo.    This  section  will  require  for  its  construction : 

^320  white  oak  round  piles,  not  less  than  12  inches  in  diameter  at 
pddle,  28  feet  long. 

1 140  water  sills,  6  by  12,  in  lengths,  18,  20,  and  30  feet,  amounting  to 
[j^  nmning  feet. 

140  binders,  4  by  8,  in  lengths,  18,  20,  and  30  feet ;  4,080  running  feet. 

2,066  side,  end,  and  cross  timbers,  12  by  12,  in  lengths  of  18  to  25 
M;  4,173  rouning  feet. 

kl2  comer  braces,  8  by  8,  9  feet  long ;  108  running  feet. 
I  l;i36 joists,  2  by  12,  10  feet  long;  24,720  feet,  boiird  measure. 
^  1^  planks,  2  by  12,  20  feet  long ;  76,000  feet,  board  measure. 

886  nut  and  screw  and  one  washer  bolts,  1-inch  round  iron,  22  inches 

ig  from  inside  of  head  to  point  of  screw,  In  all  amounting  to  6,8G0 
ids. 

790  bars,  1  inch  square,  drift-bolt  iron,  16  feet  long;  41,870  pounds. 

Wrought  spikes,  5  inches  by  5.16 ;  5,050  pounds. 

4,044  cords  brush,  in  bundles  well  compressed  and  bound,  18  inches  in 
lameter,  and  83  feet  long,  with  ends  squarely  cut  off. 

1,619  cords  nibble  stone. 

4^  cubic  yards  lake  dredging  clay,  for  placing  the  piers. 

20,769  cubic  yards  lake  dredging  clay,  from  between  the  piers. 

Section  B,  from  lake  shore  line  to  bank  of  Buffalo  creek,  across  dry 

lid,  1,170  feet,  requires — 

172,534  cubic  yards  clay  excavation  by  dredging. 

372  white-oak  round  piles,  not  less  than  12  inches  diameter  at  middle, 

idasive  of  bark,  26  feet  long. 

372  ditto,  about  10  inches  diameter  at  middle,  16  feet  long. 

2^  sheet  piles,  4  by  12,  sawed,  white  oak,  18  feet  long. 

124  strings,  5  by  6,  sawed,  white  oak  or  pine,  20  feet  long. 

124  water  sills,  8  by  9,  sawed,  white  oak  or  pine,  20  feet  long. 

124  water  sills,  6  by  12,  sawexl,  white  oak  or  pine,  20  feet  long. 

124  binders,  4  by  6,  sawed,  white  oak  or  pine,  19  feet  long. 

124  fenders,  8  by  12,  sawed,  white  oak,  20  feet  long. 

124  front  caps,  12  by  12,  sawed,  white  oak  or  pine,  20  feet  long. 

124  rear  caps,  8  by  8,  sawed,  white  oak  or  pine,  19  feet  long. 

118  front  siding,  10  by  12,  sawed,  white  oak  or  pine,  20  feet  long. 

118  rear  sidings,  8  by  12  sawed,  white  oak  or  pine,  20  feet  long. 

121  front  sidings,  10  by  12,  sawed,  white  oak  or  pine,  18  feet  long. 

121  rear  sidings,  8  by  12,  sawed,  white  oak  or  pine,  18  feet  long. 

^1  cross-ties,  8  by  10,  sawed,  white  oak  or  pine,  12  feet  long. 

^^1  1-inch  round  iron  nut  and  screw  and  2  washer  bolts,  27  inches 

*f,  from  outside  of  head  to  point  of  screw,  4,081  pounds. 

371  ditto,  22  inches  long,  from  outside  of  head  to  point  of  screw,  3,710 

tondg. 
.^  bars,  linch  square,  drift-bolt  iron,  16  feet  long;  93  bars  14  feet 
«ng,  and  93  bars  12  feet  long  ;  in  all  34,616  pounds. 
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Wrought  spikes,  10  by  ^  inch,  247  pounds. 

Wrought  spikes,  8  by  f  inch,  2,419  pounds. 

Section  C,  from  bank  of  creek  to  14  feet  water  in  the  creek,  5Si 
to  be  dredged  to  a  width  of  300  feet  at  bottom,  and  with  side  slo] 
2  to  1, 12,384  cubic  yards  clay,  from  under  water. 

The  piles  in  Section  A  to  be  driven  so  their  points  shall  be  2 
below  low- water  stage,  and  the  dirt  dredged  to  be  dumped  at  such 
as  the  engineer  may  direct. 

The  piles  in  Section  B  to  be  driven  on  the  points,  so  the  points  of 
feet  piles  shall  be  22,  the  points  of  the  16  feet  piles  14,  and  those  of  the 
piles  18  feet  below^  the  low- water  stage ;  and  as  much  of  the  clay  dr 
as  may  be  required  is  to  be  rammed  back  of  and  to  fill  the  banki 
the  remainder  wasted  at  such  place  as  the  engineer  may  direct 
for  the  dredging,  ramming,  filling,  and  wasting  the  contractor  to  Ix 
ux)on  the  cubic  yard,  measured  in  the  natural  bed  before  being 
vated  for  all  the  sections.  A,  B,  C. 

CUissificafion  of  materials. 

Division  VII. 

Class  A. 

Item  1. — The  28  feet  round  piles,  for  Section  A. 
Iteni  2. — The  26  feet  round  piles,  for  Section  B. 
Item  3. — The  16  feet  round  piles,  for  Section  B. 

Class  B. 

Item  1. — The  sawed  stuffs,  which  must  be  of  white  oak,  for  Secti 
Iteni  2. — ^AU  saw^ed  stuflt*,  which  may  be  of  white  pine,  hard  pi 
white  oak,  for  Sections  A,  B. 

Class  C. 

Item  1 — Nut  and  screw  bolts  with  washers. 
Ittin  2. — Square  drift-bolt  iron. 
Item  3. — Spikes. 

Classification  of  labor  or  worJc. 

Class  D. 

Item  1. — Dredging  to  place  the  piers ;  Section  A. 

Item  2. — Preparing  and  driving  round  piles ;  Sections  A,  B. 

Item  3. — Preparing,  driving,  boring,  and  spiking  sheet  piles;  Sect 

Item  4. — Framing,  fitting,  placing,  boring,  cutting  iron  for 
bolting  and  fastening  sawed  timbers ;  Sections  A,  B. 

Item  5. — Funiishin  g  and  deli  verin g  in  the  piers,  brush-fillin  g ;  Sect 

Item  6. — Furnishing  and  delivering  in  the  piers,  rubble-stone  fi 
Section  A. 

Item  7. — Gaining  in  spiking  and  fastening  the  joists,  boring  and 
ing  in  place  the  covering  plank;  Section  A. 

Class  E. 

Item  1. — Dredging  from  between  the  piers  and  dumping;  Sect] 
Item  2. — Dredging,  filling  behind  dikes,  dumping  and  rainmii 
small  quantity  required  in  banks  and  wasting  the  rest;  Section  B 
Item  3. — Dredging  and  dumping  in  Section  C. 
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The  following  is  the  form  to  be  strictly  followed  by  the  bidder  in 
maJdng  his  proposals  for  Division  VII ;  prices  to  be  inserted  where  the 
occur: 


ToBvt.Maj.  General  T.  J.  Cram,  Corps  of  Engineers: 

The  undersigned  will  furnish  and  deliver  for  Division  YII,  improve- 
ment of  Buflfalo  harbor,  as  per  your  advertisement,  as  follows: 

Class  A.— Item  1,  for cents  per  running  foot;  item  2,  for 

eentsper  nmning  foot;  item  3,  for cents  per  running  foot. 

Cuss  B. — ^Item  1,  for dollars  per  thousand  feet,  board  measure; 

item  2,  for dollars  per  thousand  feet,  board  measure. 

Cuss  C. — Item  1,  for cents  per  pound;  item  2,  for— —cents  per 

iKMiDd;  item  3,  for cents  per  pound. 

f    The  undersigned  will  do  the  work  as  follows: 

Cuss  D. — ^Item  1,  for cents  per  cubic  yard;  item  2,  for cents 

per  nmning  foot;  item  3,  for cents  per  sheet  pile;  it^m  4,  for 

eeatsper  running  foot;  item  5,  for dollars  per  cord;  item  6,  for 

^oflar^j  per  cord;   item  7,  for dollai's  per  thousand  feet,  board 

Deamire. 

Cuss  E. — Item  1,  for cents  per  cubic  yard ;  item  2,  for cents 

per  cubic  yard;  item  3,  for cents  per  cubic  yard. 

[Here  the  names  of  his  two  bonds-  [Here  the  bidder  signs  his  name 
Ben  to  be  signed.]  and  place  of  residence.] 

The  proposals  for  Division  YII  to  be  separate  from  those  for  all  the 
irther  divisions. 

The  bidder  must  forward  duplicates  of  his  bid,  duly  dated,  signed  by 
iiinself,and  names  and  residence  of  his  bondsmen  stated,  and  accompa- 
nied by  a  printed  copy  of  this  advertisement. 

The  bondsmen  must  be  citizens  of  the  United  States. 

There  may  be  separate  bids  made  in  the  form  given,  however,  for  the 
materials,  and  for  the  work.  Any  proposal  for  one  item  in  a  class,  with- 
«it  proposing  for  all  items  in  that  class,  will  be  rejected.  The  govern- 
Bient reserves  the  right  of  rejecting  any  or  all  bids;  and  for  all  govern- 
Dient  materials  put  in  possession  of  a  contractor  for  doing  work,  he  will 
kheld  accountable  until  the  materials  are  used  up  in  the  work  and  the 
»ork  accepted;  and  the  government  also  reserves  the  right  for  the 
ffigineer  in  charge  to  vary  the  dimensions  and  amounts  of  the  materials, 
•t  his  option,  to  suit  contingencies  that  may  arise,  either  in  plans,  con- 
•^ction,  or  appropriations,  by  giving  the  contractor  due  notice  of  the 
flange. 

T.  J.  CRAM, 
Col.  Engineers^  Brevet  Major  Oeneral, 


D  7. 

United  States  Engineer  Office, 

Detroit^  Decmnber  27, 1867. 

8iB:  I  herewith  forward  the  abstract  of  bids,  with  the  advertisement, 
■  unproving  the  harbor  of  Buffalo,  New  York. 

For  the  whole  grand  project,  embracing  all  the  divisions  1, 11,  III,  IV, 
VI,  VII,  the  bids  for  the  entirety  (material,  labor  or  work)  range 
follows : 

»uglas8,  Gallagher  &  Clark,  Buffalo $740,500  45 

jnry  D.  Dennison,  S>Tacuse 738,936  27 
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Van  Yalkenburg,  Preston  &  Jackson,  Lockport $680,209  3C^ 

The  Baileys  &  Denny,  Painesville,  Ohio 642,226  8^ 

Parsons  &  HoUoway,  Buffalo 586,806  iT' 

The  lowest  responsible  bidder,  however,  ui)on  each  class,  A,  B,  C,  D.^ 
B,  F,  materials  and  work,  for  the  grand  project,  embracing  all  the  divis — 
ions,  as  per  advertisement,  1, 11,  III,  lY,  V,  VI,  VII,  is  as  follows: 

For  class  A,  bid  No.  9,  Douglass,  Gallagher  & 

Clark,  is  the  lowest,  amounting  to $263  04 

16,131  36 

$16,394  ^CZ 

For  class  B,  bid  'No.  14,  Parsons  &  HoUoway, 

is  the  lowest,  amounting  to 164,651  01 

13,790  18 

178,444  1 

For  class  C,  bid  No.  5,  The  Baileys  &  Denny, 

is  the  lowest,  amounting  to * 35,351  24 

5,389  99 

40,741  2 

For  class  D,  bid  No.  14,  Parsons  &  HoUoway, 

is  the  lowest,  amounting  to 245,054  73 

44,168  37 

289,223  1 

For  class  E,  bid  No.  14,  Parsons  &  HoUoway, 

is  the  lowest,  amounting  to 4,200  00 

39,254  05 

43,454  05- 

For  class  F,  bid  No.  5,  The  Baileys  &  Denny, 

is  the  lowest,  amounting  to 10,980  00 

10,980  0(^ 

Total  cost 579,233  97^ 


Awarding  by  classes,  we  see,  therefore,  (provided  none  back  out  fh)n»^ 
accepting,)  the  entire  cost  of  the  project  will  be  $7,572  50  less  than  it^ 
would  be  by  awarding  to  the  lowest  responsible  bid  for  the  entirety;  and- 
we  should  have  three  contractors  instead  of  one.    As  far  as  I  can  learn^ 
the  above-named  bidders,  as  well  as  their  named  bondsmen,  are  resix)ii  - 
sible. 

In  drawing  up  the  articles  of  agreement,  the  three  foUowing  conditions-^ 
in  substance,  must  be  inserted: 

1.  No  more  metterials  to  be  delivered,  and  no  more  work  to  be  done  than 
shaU  be  judged  necessary  by  the  engineer  in  charge,  to  keep  the  exi>endi- 
tures  within  the  sums  appropriated  and  what  may  hereafter  be  appro- 
priated by  Congress  for  this  improvement. 

2.  The  order  of  furnishing  materials,  and  doing  the  work  upon  the 
several  divisions,  to  be  prescribed  by  the  engineer  in  charge. 

3.  No  claim  whatever  shall  be  made  upon  the  United  States  in  tlie 
shape  of  indemnity  or  dailiage,  for  stopping  the  furnishing  of  materials, 
or  discontinuing  the  work,  which,  in  the  judgment  of  the  engineer  in 
charge,  may  be  found  necessary  to  keep  the  expenditures  within  th^ 
approi>riations. 

The  opening  of  the  bids,  and  completing  the  abstract,  have  been 
delayed  20  days  in  consequence  of  my  having  been  put  ui)on  a  court- 
martial  for  45  days. 


i 


J 
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It  is  highly  important  that  the  contracts  should  be  awarded  as  soon 
•  possible,  for  noW  is  the  season  for  getting  out  the  timber,  &c.  I  shall 
'  ready  to  act  as  soon  as  authority  is  received. 

Tn  case  any  of  the  foregoing-named  bidders  (the  lowest  for  the  classes) 
jline  when  the  award  is  notified  to  them,  of  course  the  award  will  be 
de,  as  heretofore,- to  the  next  above,  and  so  on  until  we  find  one  who 
I  stand  to  his  bid. 

Very  respectfully,  your  obedient  servant, 

T.  J.  CRAM, 
Colonel  ^ngineerSy  Brevet  Major  General, 

revet  Major  General  A.  A.  Humphreys, 

Chief  of  Engineers  United  States  Army. 


D  8. 

Headquarters  Cprps  of  Engineers, 

Washington,  D,  C,  January  7, 18G8. 

ENSEAL:  You  are  authorized  to  enter  into  contracts  under  the  con- 
Dns  enumeirated  in  your  communication  of  December  27, 1867,  for 
improvement  of  the  harbor  at  Buffalo,  !New  York,  for  the  items  1, 2, 
di\i8ion  IV,  and  items  3  and  4;  that  is,  for  all  the  work  of  improve- 
it  as  described  in  your  report  except  that  of  item  5,  the  navigable 
^passage  between  the  lake  and  Buffalo  creek,  at  the  south  i)art  of 
city. 

he  plan  denominated  item  5  must  receive  the  sanction  of  Congress 
>re  any  contract  can  be  entered  into  for  its  execution, 
ongress  has  .already  sanctioned  the  repair  of  the  two  existing  piers, 
Iging,  &c.,  and  the  further  improvement  by  extension  of  the  south 
•,  or  of  either  pier,  and  the  construction  of  a  detached  laeakwater. 
length  to  which  the  south  pier  should  be  extended,  and  the  location 
length  of  the  breakwater,  remain  to  be  determined.    The  authority 
mter  into  contracts  for  materials  and  labor  for  these  two  works  is 
an  with  the  understanding  that  modifications  of  the  extent  of  those 
ictures,  and  of  the  depths  in  which  they  may  be  placed,  and  of  their 
dity^  will  merely  occasion  such  modifications  of  materials  and  labor 
:hp  officer  in  charge  of  the  works  will  be  authorized  to  make  under 
contracts  proposed. 
Very  respectfully,  your  obedient  servant, 

A.  A.  HUIVIPHBEYS, 
.   Brigadier  General  of  Engineers,  Commanding. 

lie  contracts  must  be  awarded  to  the  lowest  responsible  bidder  for 
li  class  of  material,  and  each  class  of  labor,  as  specified  in  your  adver- 
ment  The  advantage  of  one  contractor  for  the  whole  work  is 
loubtedly  great,  but  the  law  is  explicit  and  positive,  and  does  not 
re  the  matter  to  the  discretion  of  the  executive. 

A.  A.  HUMPHREYS, 
Brigadier  General  of  Engineers,  &€. 

!revet  Major  (Jeneral  T.  J.  CRAMy 

Colonel  of  Engineers,  Detroit,  Miehigan, 
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D  9.   • 

United  States  Engineer  Cffice, 

Buffalo^  y.  r.,  Janmry  24, 1868. 

General  :  I  have  the  honor  to  transmit  herewith  the  proceedings  of 
the  board  of  engineers  convened  by  \'irtue  of  special  orders  Kos.  4  and 
6,  headquarters  coq)s  of  engineers. 

I  also  return  by  mail  the  papers  and  maps  furnished  for  the  use  of 
that  board,  as  follows :  A  manuscript  copy  of  Captain  Williams's  report, 
made  in  1839 ;  a  manuscript  copy  of  the  report  of  the -board  of  engineers, 
made  in  1845 ;  two  tracings  which  exhibit  the  location  of  the  works, 
pier,  and  breakwater  proposed  and  recommended  in  these  reports  respect- 
ively ;  a  copy  of  Ex.  Doc.  56 j  parts  1  and  2,  conta'ining  the  report  of  the 
late  Major  Tardy,  recommending  the-  plan  proposed  by  Captain.  Wil- 
liams in  1839 ;  the  engraved  map  of  Buffalo  harbor,  and  the  engraved 
map  of  Lake  Erie. 

I  am,  very  respectfully,  your  obedient  servant, 

F.  HAEWOOD, 
Capt  JEng.j  Bvt.  Lt  Col.  U.  S.  A.j  Bee.  Board  En^rs, 

Brevet  Major  General  A.  A.  Humphreys, 

Chief  of  Engineers,  Headquarters  Corps  of  Engineers, 

Washington,  D.  C. 


Proceedings  of  a  hoard  of  enfiiieers  convened  at  Buffalo,  Xew  York,  fey 

virtue  of  the  folio  wing  orders ; . 

[Special  Orders  No.  4.] 

Headquarters  Corps  of  Engineers, 

Washington,  D.  C,  January  7, 1868. 

I.  A  board  of  engineers  for  the  consideration  of  the  imx^rovfement  of 
the  harbor  at  Buffalo,  New  York,  and  the  recommendation  of  a  plan  of 
plans  for  that  i^urpose,  is  hereby  constituted,  and  will  meet  at  that  city 
on  Wednesday,  the  22d  instant,  or  as  soon  thereafter  as  practicable. 

II.  The  board  will  be  composed  of  the  following  oflBcers,  \iz :  Colonel 
and  Brevet  Major  General  T.  J.  Cram,  corps  of  engineers  5  Colonel  and 
Brevet  Colonel  J.  !N.  Macomb,  corps  of  engineers ;  Lieutenant  Colonel 
and  Brevet  Major  General  J.  I^ewton,  corps  of  engineers ;  Lieutenant 
Colonel  and  Brevet  Brigadier  General  W.  F.  Raynolds,  corps  of  engineers  ^ 
Lieutenant  Colonel  and  Brevet  Colonel  C.  E.  Blimt,  cori)s  of  engineers  5 
Captain  and  Brevet  Lieutenant  Colonel  F.  Harwood,  corps  of  engineers- 
recorder. 

By  command  of  Brigadier  General  Humphreys. 

THOS.  LINCOLN  CASEY, 
Major  of  Engineers  and  Brevet  Colonel  U.  S.  A. 


[Special  Orders  No.  5. — Extract.] 

Headquarters  Corps  of  Engineers, 

Washington,  January  9, 1868. 

I.  Special  Order  INo.  4,  dated  January  7, 1868,  is  hereby  au\jBnded  by 
adding  the  name  of  Major  and  Brevet  Colonel  J.  D.  Wheeler,  cori)s  of 
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agineei^  to  the  list  of  meinbej^  of  the  board  of  engineers  for  consider- 

1^  a  plan  or  plans  for  the  improvement  of  the  harbor  at  Buffalo,  Xew 

-"ork. 

n.  In  addition  to  the  consideration  of  a  plan  or  plans  for  the  improve- 

nent  of  Hie  harbor  of  Buffalo,  New  York,  the  board  of  engineers  will 

Iso  rei>ort  upon  the  cliaracter  of  the  works  required  for  a  harbor  of 

^ge  at  New  Buffalo,  Lake  Michigan,  and  submit  a  plan  therefor. 
•  •••••• 

Bv  command  of  Brigadier  General  Humphreys. 

THOS.  LINCOLN  CASEY, 
Major  of  Engineers  and  Brevet  Colonel  U.  S.  A, 


United  States  Engc^eer  Office,  Buffalo,  N.  Y., 

January  22, 1868. — 10.15  a.  m. 

Tlie  board  met  in  pursuance  of  the  above  orders. 

Present:  Colonel  and  Brevet  Major  General  T.  J.  Cram,  corps  of 
'Jigineers;  Colonel  and  Brevet  Colonel  J.  N.  Macomb,  coi'ps  of  en- 
pneers ;  Lieutenant  Colonel  and  Brevet  Major  General  J.  Newton,  coips 
rf  engineers ;  Lieutenant  Colonel  and  Brevet  Brigadier  General  W.  F. 
Saynolds,  corps  of  engineers;  Lieutenant  Colonel  and  Brevet  Colonel 
D.  E.  Blunt,  corps  of  engineers;  Major  and  Brevet  Colonel  J.  B. 
WTieeler,  corps  of  engineers;  Captain  and  Brevet  Lieutenant  Colonel  F. 
Harwood,  corps  of  engineers,  recorder. 

The  orders  convening  the  board  were  read,  together  with  the  follow- 
arg  letters : 

Headquarters  Corps  of  Engineers, 

Washington^  D.  0.,  January  10,  1868. 

General:' You  are  requested  to  lay  before  the  board  of  engineers 
directeil  to  assemble  at  Buttalo,  New  York,  on  the  22d  instant,  of  which 
you  are  the  senior  officer,  all  maps,  plans,  reports,  or  other  papers  in  your 
fossession,  that  maj'  be  necessary  or  important  to  a  full  investigation  of 
the  question  of  a  plan  or  plans  for  the  improvement  of  the  harbor  at 
that  place. 

Such  information  bearing  upon  the  subject  as  may  be  in  the  possession 
of  these  headquarters  will  be  transmitted  to  the  recorder  of  the  board. 
By  command  of  Brigadier  General  Humi)hreys. 
Verv  resi>ectfully,  your  obedient  servant, 

J.  C.  WOODKUFF, 
Brevet  Brigadier  General  U.  S.  A. 

Colonel  and  Brevet  Major  General  T.  J.  Cram, 

Corps  of  Engineers,  Detroit^  Michigan.  * 

Headquarters  Corps  of  Engineers, 

Wa4thington,  D,  (7.,  January  18, 1868. 

Colonel:  The  following  is  a  list  of  copies  of  repoits  and  maps  trans- 
mitted by  mail  this  day  for  the  use  of  the  board  of  engineers  which  will 
meet  in  Buffalo  on  the  22d  of  January,  for  the  consideration  of  the  pro- 
jects of  improvement  of  the  harbor,  namely: 

A  manuscrix)t  copy  of  Captain  Williams's  report,  made  in  1839. 

A  manuscript  copy  of  the  report  of  the  board  of  engineers  made  in 
ISI5.   . 

Two  tfacings  which  exhibit  the  location  of  the  works,  pier  and  break- 
water, proiK)sed  and  recommended  in  these  reiwrts  respectively. 
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A  copy  of  Ex.  Doc.  56,  parts  1  and  2,  containing  tlie  report  of  the  late 
Major  Tardy,  recommending  the  plan  proposed  by  Captain  Williams 
in  1839. 

The  engraved  map  of  Buffalo  harbor  and  the  engraved  map  of  Lake 
Erie. 
By  command  of  Brigadier  Greneral  Humphreys. 
Very  respectfully,  your  obedient  servant, 

J.  C.  WOODRUFF, 
Lt  Col.  of  Engineers  J  Brevet  Brig,  General  U.  8.  A, 

Captain  and  Brevet  Lieut.  Col.  F.  Harwood, 

Corps  of  Engs.j  Recorder  of  Board  of  Engineers^  (fee,  Buffalo,  K  I. 

The  board  then  took  up  the  subject  of  the  improvement  of  Buffalo 
harbor,  and  proceeded  to  the  reading  of  the  documents  specified  in  the 
foregoing  letter,  in  their  order,  and  the  consideration  of  the  maps  in 
connection  with  them.  Upon  concluding  this  reading  the  board  took  up 
the  report  of  Colonel  and  Brevet  Major  General  T.  J.  Cram,  corps  of  engi- 
neers, upon  the  improvement  of  Buffalo  harbor,  which  was  read,  and 
pending  the  reading  of  which,  at  3  p.  m.,  the  board  adjourned  until  9  a. 
m.  the  next  day,  January  23, 1868. 

United  States  Engineer  Office, 
Buffalo,  New  Yorlc,  January  23,  1868 — 9  a.  m. 

The  board  met  in  pursuance  of  adjournment;  present  all  the  members 
The  board  concluded  the  reading  of  General  Cram's  report  upon  th( 
improvement  of  Buffalo  harbor.  After  full  consideration  of  Grenera 
Cram's  plan  and  general  discussion  of  the  subject  of  the  improvement  o 
Buffalo  harbor,  the  board,  after  maturely  considering  the  several  pre 
jects  submitted  to  their  deliberation,  viz.,  those  of  Captain  Williams 
topographical  engineers,  (1839,)  of  the  board  of  1845,  of  Brevet  Majo 
Tardy,  (186C,)  and  of  Brevet  Major  General  T.  J.  Cram,  the  preseu 
engineer  in  charge,  have  the  honor  to  submit  the  following  report: 

The  project  of  Captain  Williams  with  which  that  of  Brevet  Majo 
Tardy  is  nearly  identical,  consists  essentially  in  extending  the  presen 
south  United  States  pier  considerably  beyond  its  existing  limits,  and  ii 
the  erection  of  a  breakwater  to  the  northward  of  the  pier. 

This  project,  as  it  appears  to  the  board,  is  deficient  in  the  essentia 
qualifications  of  permitting  a  safe  entrance  to  the  shelter  of  the  break 
water,  or  to  the  interior  harbor,  or  of  affording  a  good  holding  ground. 

The  plan  of  the  board  of  1845  may  be  discussed  at  the  same  tim 
with  that  of  Brevet  Major  General  Cram,  with  which  a  strong  similarit 
in  all  essential  points  is  found  to  exist.  The  plan  of  General  Cram,  hoi« 
evtr,  contains  in  addition  all  the  repairs  or  modifications  necessary  t 
be  made  to  existing  works. 

The  board  approves  the  recommendation  of  the  engineer  in  charge,  t 
repair  the  end  of  the  existing  light-house  pier,  to  extend  it  to  a  distanc 
of  about  300  feet,  to  repair  the  north  pier,  to  remove  a  portion  of  th 
south  end  of  the  Erie  canal  ba«in  breakwater,  constructed  under  th 
authority  of  the  State  of  JS^ew  York,  and  to  dredge  the  entrance  of  th 
harbor,  to  allow  a  draught  of  15  feet  at  average  low  water  of  the  seaso 
of  navigation. 

The  position  of  the  breakwater,  as  designed  by  the  engineer  in  charge 
to  the  southward  of  the  entrancer  of  the  harbor,  is  considered  to  aflbn 
a  good  shelter  and  anchorage  under  it,  and  to  cover  effectually  th 
entrance  to  the  harbor. 
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direction  of  the  line  of  the  breakwater,  which  the  board  under- 
to  be  designed  in  the  line  of  the  littoral  currents  upon  which  the 
nsistd,  is  approved. 

construction  of  the  breakwater  of  crib-work  filled  with  rubble 
hould  conform  to  principles  already  laid  down  by  the  board  of 
>r  similar  localities,  as  to  dimensions  of  cross-section  and  length 

upper  inlet  or  canal  proposed  to  aflTord  a  direct  entrance  from  the 
the  ui>x)er  or  southern  ]W)rtion  of  the  inner  harbor,  (which  is  the 
creek,)  thus  gi\ing  an  additional  ingress  and  egress,  is  considered 
lut  to  the  inner  harbor,  and  whenever  it  is  made,  will  add  largely 
convenience  of  commerce. 

tenant  Colonel  and  Brevet  Brigadier  General  W.  F.  Eaynolds, 
f  engineers,  submitted  to  the  board  for  incori^oration  as  a  part  of 
»rt  on  the  improvement  of  Buffalo  harbor  the  following  paragraph : 

>ard,  in  submitting:  this  report,  wish  to  be  understood  as  having  considered  only  the 
•r  the  improvement  of  the  existing  harbor  of  Buffalo. 

er  a  harbor  can  be  constructed  for  that  portion  of  the  city  bordering  on  the  Niagara 
aown  as  Black  Rock,)  which  may  at  tne  same  time  serve  the  purposes  of  general 
e,  has  not  been  discussed,  the  data  for  such  discussion  not  having  been  before  the 

paragraph,  after  due  deliberation  and  full  discussion,  was  rejected 
following  vote:  affirmative,  1;  negative,  5. 
board  then  proceeded  to  the  discussion  of  the  character  of  the 
required  for  a  harbor  of  refuge  at  New  Buffalo,  Lake  Michigan, 
g  which,  at  3  p.  m.,  the  board  adjourned  until  9  a.  m.  January  24, 

United  States  Engineer  Office, 
Buffalo  J  Neic  YorJc^  January  24, 1868—9  a.  m, 

board  met  in  pursuance  of  adjournment,  and  resuming  the  con- 
ion  of  the  harbor  of  New  Buffalo,  Lake  Michigan,  have  the  honor 
nit  the  following  report: 

board  has  considered  the  subject  of  a  plan  for  the  improvement 
harbor  of  New  Buffalo,  Lake  Michigan.  The  plan  is  given  in 
in  the  report  of  the  Secretary  of  War  of  February  10,  1858,  com- 
iting  the  report  of  Lieutenant  Colonel  J.  D.  Graham  for  the  year 

identical  with  the  plan  presented  by  Brevet  Colonel  J.  B.  WTieeler, 
>f  engineers,  has  been  partially  carried  into  execution,  and  by  him 
nended  to  be  abandoned. 

board,  in  submitting  this  plan  of  improvement  for  this  harbor,  feel 
1  to  report  that  in  their  opinion  the  attempt  to  improve  tlie  harbor 

be  abandoned,  and  that  no  further  exx)enditure  should  be  made, 

)inciding  on  this  point  with  the  views  expressed  by  Brevet  Colonel 

V'heeler. 

considerations  which  have  brought  the  board  to  this  conclusion 

5  following:  the  great  cost  of  the  required  improvement,  and  the 

expenditure  necessary  to  preserve  it.  The  cost  of  the  work 
ing  to  the  estimates,  at  the  present  contract  prices,  will  be  about 
DO.  The  annual  expenditure  necessary  to  preserve  it  may  be 
d  by  observing  the  action  of  the  sand,  that  has  changed  the  outlet 

Gidien  river  lull  2,100  feet  to  the  southwest  of  where  it  was  in 

\  annual  expenditure  for  preservation  cannot  be  estimated  at  less 
ilO,000  per  annum,  and  without  this  the  entrance  would  choke  up, 
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as  there  is  uo  local  commerce  or  business  of  any  kind  at  this  place,  at 
present,  the  interests  of  which  would  insure  its  being  kept  oi)en. 

The  want  of  a  local  commerce  and  decay  of  business  of  the  place 
leaves  us  to  discuss  its  merits  alone  as  a  harbor  of  refuge. 

Harbors  of  refuge  are  important  and  necessary  on  Lake  Mchigan. 
But  the  board  think  that  the  nearness  of  Michigan  City  harbor  on  eue 
side,  St.  Joseph  harbor  on  the  other,  and  the  number  of  harbors  existing 
on  the  same^side  of  the  lake  with  this  one,  all  at  the  present  time  being 
improved  by  the  United  States,  justify  them  in  saving  that  it  is  doubtful 
whether  a  harbor  of  refuge  is  necessary  at  this  place,  and  certainly  not 
so  much  so  as  to  justify  any  large  expenditure  of  money  for  that  purpose. 

Having  completed  its  duties,  at  10  a.  m.  the  board  adjourned  sine  die. 

T.  J.  CEAM, 
Col.  of  Engineers  and  Bvt  Major  Otn. 
J.  K  MACOMB, 
Col.  of  Engineers  and  Bvt  Col.  U.  8.  A. 
W.  F.  EAYl^OLDS, 
Lieut  Col.  of  Engineers  and  Bvt  Brig.  Oen. 

JOHN  NEWTON, 
Lieut  Col.  of  Engineers  and  Bvt  Major  Oen, 

J.  B.  WHEELER, 
Major  of  Engineers  and  Bvt  Col.  U.  8.  A, 

C.  E.  BLUNT, 
Li^ut  Col.  of  Engineers  and  Bvt  Col 
F.  HARWOOD, 
Ca2)t  of  Engineers  and  Bvt  Lieut  Col.  U.  8.  A.^  Recorder. 

I  have  signed  the  above  report  with  the  distinct  understanding  that 
the  board  were  not  called  upon  by  their  instructions  to  discuss  the  subject 
of  a  change  in  the  locality  of  the  harbor  of  Buffalo,  New  York.  I  am  not 
satisfied  that  the  Niagara  river  cannot  be  used  both  for  local  puri)ose5 
and  as  a  harbor  of  refuge. 

W.  F.  RAYNOLDS, 
Lieut  Col.  of  Engineers  and  Bvt  Brig.  General, 


D  10. 

Headquarters  Corps  of  Engineers, 

Washington,  D.  C,  Febnuiry  5,  1868. 

General  :  The  board  of  engineers  which  met  at  Buffalo  on  the  23d 
ultimo,  in  obedience  to  Special  Orders  No.  4  from  these  headquarters, 
having  recommended  that  the  *'  construction  of  the  breakwater  of  cril> 
work  filled  in  with  rubble  stone  should  conform  to  principles  already 
laid  down  by  the  board  of  1854  (1853  ?)  for  similar  localities  as  to  dimen- 
sions of  cross-sections  and  length  of  cribs,'^  you  will  please  transmit  such 
a  modification  of  the  plans  and  estimates  submitted  by  you  in  your  sup- 
plemental report  of  December  27, 1807,  upon  the  imjirovement  of  Buffalo 
harbor,  as  will  make  this  breakwater  conform  to  the  requirements  of  tlie 
boaid. 

Very  respectfully,  your  obedient  servant, 

A.  A.  HUMPHEEYS,  ^ 
Brigadier  General  of  Engineers,  Commanding. 

Brevet  Major  General  T.  J.  Cram, 

Colonel  of  Engineers,  Detroit,  Michigan. 
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D  .11. 

United  States  Engineer  Office, 

Detroit,  March  5,  1868. 
SiB:  Paragraph  1359,  Revised  Regnlations  of  1861,  permits  a  "  dissent- 
ing member  of  a  board  to  present  his  own  memoir,^  &c.    I  avail  myself  of 
this  to  dissent  from  a  very  few  i)articulars  in  the  report  of  the  board 
recently  convened  at  Buffalo,  upon  plans  for  that  harbor,  in  respect  to 
the  cross-section  of  a  breakwater.    The  rules  laid  down  by  the  board  of 
1S53  were  not  in  these  particulars  known  to  me  at  the  time  of  our  ses- 
sion, nor  were  they  before  our  board ;  and  all  the  rules  which  were  pre- 
sented did  correspond  essentially  with  the  cross-section  I  had  planned 
and  submitted  to  our  board.    I  am  satisfied  that  if  our  board  had  been 
fomished  or  known  all  the  rules  laid  down  by  the  board  of  1853,  with  a 
L  view  of  applying  them  to  a  breakwater  construction  for  Buffalo  harbor 
at  the  site  for  which  I  had  planned,  we  should  unanimously  have  rejected 
alllhave  presented  as  objectionable  in  the  accompanying  memoir. 

Be  this  as  it  may,  I  submit  this  memoir,  in  which  you  will  perceive  I 
iiave  complied  with  your  instructions  of  5th  Febniary  last  to  the  fullest 
eitent,  ^ving  besides  the  benefit  of  the  results  of  much  labor  in  com- 
paring one  cross-section  with  another,  to  enable  the  department  to 
feide  which  cross-section  shall  be  adopted.  I  respectfully  request  a 
[teision  as  soon  as  may  be,  so  that  I  may  complete  the  necessary  bills  of 
iiaaterials  for  the  contractors. 

Veiy  respectfully,  your  obedient  serV' ant, 

T.  J.  CKAM, 
Colonel  of  Engineers^  Brevet  Major  General. 
B^.  Maj.  Gen.  A.  A.  Humphreys, 

Brig.  Gen.j  Chief  of  Engineers  U.  S,  A. 


S 


iMmoir  of  Brevet  Major  General  T,  J.  Cram^  colonel  corps  of  engineers^ 
fuhmitted  to  headquarters  corps  of  engineers,  March  6,  1868, 

iP  the  construction  of  a  breakwater  in  Buffalo  harbor,  containing 
^«|« modifications  of  the  plans  and  estimates  submitted  by  him  December 
H»1867,  as  required  in  letter  from  headquarters  corps  of  engineers,  Feb- 
^j^o,  1^8,  so  as  to  make  the  breakwater  conform  to  the  princi[)les 
^y  laid  down  by  the  board  of  engineers  of  1853.  This  memoir  also 
^^ng  the  dissent  of  General  Cram  to  some  particulars  of  the  rules 
«e  board  of  1853,  and  explains  that  the  board  assembled  at  Buffalo 
^^ftoary,  1868,  had  not  before  them  the  particulars  of  the  rules  of 
'board  of  1853  General  Cram  dissents  from.  Upon  the  fourth,  fifth, 
*i  and  seventh  rules,  made  by  the  board  of  engineers  April  27, 1853, 
-j^}^  application  to  a  breakwater  at  Buffalo,  I  shall  fully  comment, 
iive  my  reasons  for  disagreeing;  also  for  disagreeing  to  some  extent 
*tte  board  recently  assembled  at  Buffalo  in  its  recommendation  upon 
f  ^ttis-section  of  the  breakwater,  if  the  latter  board  meant,  which  I 
\^  did  not,  to  give  a  literal  indorsement  of  all  the  particulars  in 
we  quoted  ndes.  Fourth  rule :  "Average  width  ought  at  least  to 
^U  ^^^^  ^^^  height  from  the  foundation  to  the  platform."  Does  the 
^'i^ndation''  here  spoken  of  mean  the  natural  bed  of  the  lake,  whether 
^V*ay,  or  rock,  upon  which  the  breakwater  is  to  be  posed  ?  To  fix 
^Dsolate  relation  of  height  to  breadth,  without  regard  to  depth  of 
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water,  the  nature  of  the  natui^al  bed,  or  measure  of  the  force  of  impact, 
tending  to  overturn,  translate,  or  rupture  the  structure,  in  my  opinion, 
evinces  a  want  of  practical  experience  in  these  questions.  But  the  board 
may  not  have  meant  in  their  application  of  "foundation"  the  natural 
bed. 

A  foundation  may  be  and  is  generally  artificial,  and  may  rise  within  a 
few  feet  or  even  to  the  surface  of  the  water  to  serve  as  a  foundation 
base  for  the  superstructure.  In  the  latter  sense  of  "  foundation''  I  should 
agree  with  the  board,  and  will  illustrate  as  follows : 

Suppose,  as  is  the  case  at  Buffalo,  a  natural  bed  of  clay,  and  water 
25  to  29  J  feet  deep,  and  we  put  in  a  foundation  of  cribs  filled  with  stoue, 
rising  to  within  five  feet,  or  even  to  the  surface  of  the  water,  [for  diagram 
Bee  original,]  then  the  average  width  of  the  superstructure,  which  is  to 
perform  the  office  of  a  breakwater,  should  be  "at  least  equal  to  the 
height  from  the  foundation  to  the  platform,''  as  by  rule  four  5  and  I  will 
add  that  it  ought  to  be  as  much  wider  as  will  give  weight  or  insertion 
of  filling  enough  to  effectually  resist  overturning  or  being  moved  in 
translation  or  ruptured  by  the  force  of  the  impact  of  wave  or  ice  against  it 

So  much  for  the  width,  and  now  for  the  height  of  the  superstructure 
above  the  foundation. 

This  height  should  be  sufficient  to  receive  the  wave  in  its  greatest 
height,  and  break  it  before  it  rolls  over  the  top  of  the  structure. 

In  the  site  for  the  Buffalo  breakwater  this  should  not  be  less  than 
eight  feet 5  there  are  many  places,  however,  on  the  lakes  where  five  feet 
would  be  ami^le  for  this  purpose. 

And  in  this  consists  my  disagreement  with  that  board's  fifth  rule: 
"That  the  platform  or  deck  ought  to  rise  five  feet  above  high- water  level 
of  the  lake." 

This  absolute  fixing  of  the  height  at  five  feet  is  what  I  object  to;  had 
the  rule  said  at  least  five  feet  for  the  breakwater  I  would  not  have 
objected. 

At  Buffalo  the  platform  of  the  breakwater  should  be  at  least  seven 
feet  above  ordinary  high,  and  eight  feet  above  ordinary  low-water  level 
The  highest  waves  there,  with  the  latter  height  of  superstructure,  accord- 
ing to  mj^  experience,  woidd  be  effectually  broken  before  rolling  over  to 
disturb  materially  the  tranquillity  of  the  water  on  the  lee  side. 

The  cross  section  of  the  foundation  should  fill  certain  practicable 
conditions — 

1.  Of  such  figures  as  to  throw  the  common  centre  of  gravity  of  the 
foundation  and  superstructure  low  down. 

2.  Of  such  lines  for  its  sides  as  will  enable  us  with  simplicity,  and 
effectually  to  tie  the  superstructure  down  to  the  foundation,  so  as  to 
make  the  under  water  and  above  water  parts  inseparable  by  the  action 
of  a  force  against  the  mass. 

3.  The  figure  of  the  section  should  be  such  that  the  crib  can  be  easily 
floated  in  a  position  of  stable  equilibrium,  from  the  place  where  it  is 
framed  out  of  the  harbor,  and  sunk  where  it  is  to  stand. 

This  implies  symmetry  of  parts  on  both  sides  of  the  vertical  line 
passing  through  the  common  centre  of  gravity. 

4.  The  walls  of  the  crib  constituting  the  foundation  should  rise  in 
Ruch  a  manner  in  regard  to  angle  with  the  horizon  that  the  weight  of 
the  walls  of  the  superstructure  may  be  as  much  as  possible  transmitted 
directly  to  the  walls  of  the  crib,  and  not  bear  upon  its  cross-ties  at  points 
inside  its  walls.  Again,  the  walls  should  rise  in  such  manner  that  the 
rubble-stone  filling  which  must  be  thrown  or  dropped  in  will  assume  a 
position  bearing  well  against  the  sides  of  the  walls. 
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le  width  of  the  base  of  the  foundation  should  not  be  unnecessarily 
or  it  would  require  splicing  of  ties  and  bottom  timbers  to  make 
>ng  enough,  which  would  be  very  expensive  and  produce  unneces- 
st  of  construction. 
*  are  practicable  axioms,  which  any  one  acquainted  with  putting 

work  will  at  once  acknowledge.    And  1  would  not  go  to  the 
of  quoting  them  here,  but  for  the  bearing  they  have  upon  the 
it  issue. 

?ixth  rule  of  that  board  is,  "  that  the  side  exposed  to  the  waves 
:o  be  vertical  from  top  to  bottom." 

this  mean  from  top  to  bottom  of  the  wavef  If  it  does,  I  shoiUd 
ect  to  acquiesce,  though  it  is  not  supported  by  any  assignable  good 
But  if  it  means  from  top  of  the  structure  down  to  the  bed  of 
e,  I  disagree  for  strong  reasons  soon  to  be  explained.  Another 
n  the  sixth  rule  of  that  board  is,  "that  the  sheltered  side  ought 
ertical  from  the  platform  to  five  or  six  feet  below  the  low-water 
md  thence  downward  it  ought  to  have  a  slope  or  batter  in  grades 
-tliird  to  the  natural  foundation^"  ^' Natural  foundation^  here  evi- 
means  the  natural  bed  of  the  lake.  The  board,  in  fixing  an  abso- 
easure  of  the  batter,  could  not  have  been  guided  by  any  practi- 
experience  in  framing  cribs  of  this  shape.  Sketch  at  the  right 
page  five,  corresponds  to  the  sixth  rule.  Let  us  make  the  vertical 
ext  the  heaviest  action  of  the  sea ;  also  the  ends  of  the  crib  with 
h  square  timbers.  The  opposite  sides,  battering  one-third,  will,  I 
require  timbers  to  be  12 ^^^Q-mch  square  to  bring  the  faces  of  its 
imbers  in  the  same  inclined  plane. 

!  could  get  no  mill  to  saw  timber  to  this  dimension,  nor  could  we, 
•nt  great  trouble  and  expense,  get  them  hewed.    But  we  could  make 
eside  and  end  timbers  12  inches  square,  battering  the  least  exposed 
one-third  by  simply  stepping  these  timbers  of  four  inches  in  tread, 
en,  Fig.  No.  1,  on  the  sheet  of  drawings.    But  then  comes  the  prac- 
le  difficulty  in  framing  the  dovetails  of  the  ends  of  the  ties  into 
side  timbers.    I  have  had  models  made  with  a  view  of  testing  the 
oitude  of  this  difficulty,  and  find  the  framing  to  be  complicated, 
iring  a  comi>ound  dovetail,  costing  three  times  as  much  work,  and 
not  as  good  as  when  we  incline  the  timbers,  to  make  the  batter, 
ing  their  faces  in  the  same  plane.    There  is  also  another  very  serious 
^ion  to  stepping  the  timbers ;  for  when  we  come  up  to  within  five 
of  the  top  of  the  crib,  we  must  bolt  upon  the  inner  surfaces  of  these 
)ed  timbers  tie  braces,  which  are  essential  to  hold  the  superstructure 
I  to  the  under  water  work.    The  side  timbers  being  in  steps,  the  tie 
is  would  only  fay  against  the  comers  of  these  side  timbers,  giving 
»ring  sufficient  to  allow  of  firm  bolting.    But  suppose  these  two 
icable  difficulties  overcome,  the  form  of  the  crib,  such  as  the  rules 
at  board  require,  supposing  their  "foundation"  meant  natural  bed, 
aving  symmetry  of  figure  on  either  side  of  the  vertical  axis  passing 
gh  its  centre  of  gravity,  would  give  rise  to  difficulty  in  floating  out 
i  sinking  it  in  x)lace ;  and  unless  buoyed  up  on  one  side,  it  would 
id  one  corner  would  hang  so  low  in  the  water  as  to  ground,  rend- 
ns  unable  to  float  the  crib  out  of  the  harbor. 
8  form  for  the   cross-section   has  incompatibilities  in  it,  and  if 
pted  to  be  executed  would  lead  to  great  expense  and  embarrass- 

• 

re  make  battered  sides  of  12-inch  square  timbers,  then  the  verti- 
le  and  ends  will  have  to  be  made  of  timbers  of  such  dimensions  in 
lections  as  are  never  sawed  or  hewed;  again,  in  order  to  comply 
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with  the  rale  4th,  the  crib,  as  well  as  the  superstructure,  must  be  made 
so  broad  as  to  necessitate  long  spliced  end  and  bottom  timbers;  also^tbe 
superstructure  would  be  so  wide  as  to  involve  that  very  objectionable 
feature  of  great  amount  of  wooden  material  above  water  to  rot,  and  thus 
enhance  proportionably  the  cost  of  the  subsequent  repairs,  besides  an 
unnecessary  first  cost. 

Sup]>osing,  however,  that  board  meant  by  its  rule  "  that  the  part 
exposed  to  the  waves  ought  to  be  vertical  from  top  to  bottom,"  (of  the 
waves,)  and  that  they  meant  five  feet  as  least  height  of  superstructure. 

I  have  drawn  Fig.  2  in  a  shape  to  come  within  their  rules.  This 
obviates  the  objection  I  raised  on  the  score  of  common  centre  of  gravity, 
but  involves  all  the  other  objections  applicable  to  Fig.  1. 

I  now  present  a  practicable  construction,  Fig.  3,  invohing  no  incom- 
patibilities of  principles. 

Make  the  end  timbers  of  the  crib,  from  its  bottom  up  to  within  five 
feet  of  low- water  surface,  11  inches  oy  12  inches,  and  also  the  side  tim- 
bers of  the  crib,  and  side  and  end  timbers  above  that  height,  of  the  super- 
structure; also,  all  cross- ties  12  by  12.  Make  the  side  most  exposed,  also 
the  side  least  exposed,  vertical  down  to  "the  bottom  of  the  wave," 
thence  to  the  natural  bed  on  a  batter,  (to  be  determined,  not  assumed,  as 
the  board  did,)  and  also  incline  the  timbers  of  the  battered  sides  so  their 
faces  shall  be  in  the  same  plane  instead  of  stepping  them,  and  assume 
for  the  width  of  the  sui)erstructure  24  feet.  Now,  from  these  data, 
adopting  the  board's  fourth  rule  for  the  average  width,  whether  we  sup- 
pose their  "foundation"  means  the  natural  bed  or  the  artificial  one, 
there  results  by  calculation  4.7958"  for  the  batter  in  11  inches  vertic^al 
rise,  and  44§  feet  for  breadth  of  base  of  cross-section.  Such  a  cross- 
section  would  be  relieved  of  all  the  objections  of  Figs.  1  and  2,  except 
that  of  splicing  timber,  and,  perhai^s,  unnecessary  fii*st  cost,  and  having 
more  timber  to  rot  in  superstructure  than  would  be  necessary.  Fig.  4  is 
a  cross  section,  obviating  all  objections,  and  in  several  j)oints  woiUd  be 
stronger  than  Fig.  3.  Fig.  4  has  its  foimdation  crib  rising  with  battered 
sides  to  the  low-water  level,  the  batter  being  3.333,  which  gives  the 
end  timbers  of  the  crib  11 J  by  12,  and  all  the  others  12  by  12 ;  but  on  the 
most  exposed  side  it  does  not  present  a  vertical  face  to  the  entire  wave. 
To  insist  ujion  this  verticality  to  the  extent  that  board  does,  is  a  rule,  in 
my  opinion,  without  any  good  reason  to  sustain  it.  The  question  now 
arises,  which  of  these  cross-sections  will  be  sufficiently  stable  when  con- 
structed H 

This  is  a  question  of  comparison  of  forces  which  1  am  prepared,  having 
made  some  requisite  experiments,  to  discuss.  The  natural  bed  upon 
which  the  structure  is  to  rest  has  been  determined,  by  borings,  to  be 
such  as  to  afford  great  security,  in  reference  to  stability,  for  the  break- 
water throughout. 

From  the  report  of  a  board  of  engineers  (General  Swift,  Colonel  Kear- 
ney, and  Major  Turnbull)  assembled  at  Buffalo  in  April,  1845,  for  the 
consideration  of  plans  for  this  harbor,  and  which  involved  the  construc- 
tion of  a  breakwater,  I  obtained  valuable  data  for  my  present  purposes. 

The  waves,  under  the  heaviest  winds,  in  that  harbor  do  not  exceed,  in 
the  estimation  of  that  board,  10  feet  in  height  from  the  trough  to  the 
summit.  (See  representation  of  the  wave,  Fig.  3  and  Fig.  4.)  Hence, 
the  most  exposed  sides  of  the  breakwater  upon  which  they  impinge  is 
only  five  feet  below  and  five  feet  above  low- water  stage,  or  six  feet  above 
and  four  feet  below  low-water  stage,  and  therefore  the  surface  of  the 
side  against  which  they  act  is  only  10  feet  in  vertical  width.  Now  the 
force  of  these  waves  is  not  x>ercussive,  like  that  of  a  trip-hammer;  it  is 
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ore  like  pressures  increasing  and  then  decreasing  as  the  wave 
ip  and  recedes;  and  I  treat  the  subject  by  taking  the  point 
»tion  of  the  resultant  o3r  these  pressures  during  the  storm  to  be 
rwro-thirds  feet  below  the  upper  limit  of  the  surface  pressed.  (See 
and  4,  where  the  arrows  show  the  point  of  application  of  the 
t.)  The  same  board  give  us  the  greatest  velocity  of  the  waves 
15  miles  per  hour,  and  estimate  the  force  in  the  direction  of  the 
i  lOJ  tons  to  a  foot  running  of  the  breakwater, 
erbourg  breakwater,  however,  the  greatest  wave  runs  not  to 
L3  feet  high  from  trough  to  summit,  and  exerts  a  force  of  only 
id  a  quarter  tons  upon  each  square  yard  of  surface  pressed, 
he  wave  force  at  Cherbourg  must  be  to  that  of  Buffalo  as  13  is 
lich  will  make  the  force  in  the  direction  of  the  wave  at  Buffalo 
3  upon  the  square  yard  pressed.  Each  crib  being  50  feet  long, 
vertical  width  pressed  only  10  feet,  we  shall  have  pressed  by 
3  ij^.h  square  yards,  or  the  whole  crib  pressed  by  a  force  of  310 
,  dividing  by  50,*  the  pressing  force  will  be  6.192  tons  to  the  foot 
of  the  breakwater.  Now  this  pressure,  in  the  heaviest  gales 
which  we  are  i)roviding,  is  exerted  obliquely  to  the  face  of  the 
n  angle  of  74^.  [For  diagram  see  original.]  Decompose  this 
;wo  components — one,2>,  parallel  and  the  other,  P,  perpendicular 
>rce  of  the  breakwater — and  we  shall  find  P  equal  to  5.96  tons 
sh  running  foot  of  the  breakwater.  The  effects  of  P  are  a  ten- 
>  turn  the  breakwater  over,  around  a  hinge  which  is  the  hori- 
ige  of  the  bottom  side  timber  of  the  crib  passing  through  C,  and 
the  crib  and  its  superstructure  a  motion  of  translation  in  the 
1  of  P.  The  moment  of  the  turning  force  referred  te  the  hinge 
ssed  by  28  x  5.96. 

this  is  to  be  counteracted  by  the  weight  of  the  crib  in  water,  and 
mperstructure  in  air  above,  acting  in  a  vertical  line  passing 
the  common  center  of  gravity,  when  all  are  filled  with  stone  and 
i  over. 

ollowing  table,  which  I  have  constructed  upon  experiments  made 
re,  exhibits  the  data  we  need  to  compute  the  relative  capacities 
breakwater  constructed  with  the  cross-sections — Figs.  1,  2,  3; 
4)0  resist  being  overturned  at  the  site  in  question ;  also,  the  com- 
of  the  resistance  of  each  with  the  effort  to  overturn  it.  I  might 
1  here  a  valuable  fact,  developed  in  my  experiments,  viz:  that 
them  white  pine  weighs,  when  water-soaked,  more  than  our  hard 
he  former  weighing  39f  pounds,  while  the  latter  weighs  only  32J 
to  the  cubic  foot.  Besides  the  tendency  of  P  to  overturn,  it  has 
ated  that  its  other  effect  is  tending  to  give  the  structure  a  motion 
slation  in  the  direction  of  P.  The  breakwater,  standing  upon  a 
ttom  into  which  it  will  settle  a  little  with  its  grillage  bottom, 
slide  under  the  action  of  this  force,  nor  can  the  force  rupture  or 
e  the  superstructure,  it  is  so  firmly  bolted;  and,  in  Figs.  3  and  4, 
igly  tied  with  the  timber  tie-braces  to  the  foundation  crib. 
80  much  opposed  to  adopting  a  cross-section  requiring  so  much 
of  timbers,  difficulty  in  framing  and  sinking,  and  needless  cost 
I  and  Fig.  2,  that  I  should  wish,  should  Fig.  3  or  4  be  repudiated, 
nt  another  plan  that  may  reconcile  all  probable  differences  of 
shoold  any  exist  after  a  full  consideration  of  this  memoir,  and 
would  require  only  the  simplest  mode  of  splicing  the  ties,  and 
imbers  of  such  dimensions  as  are  usually  sawed  in  the  mills. 
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Table  of  tcei^his  and  buoyant  efforts  for  a  bO-foot  crib  of  breakwater^  with  bO-foot  8\ 

structure^  and  moments  of  forces  to  overturn  and  resiU. 


Timber  under  water — 

Cubic  feet 

Weight  in  nir tons.. 

Timber  above  water — 

Cubic  feet 

Weight  in  air tons . . 

Iron — 

In  crib cubic  feet . . 

In  BUpenstnicturo cubic  feet. . 

Difference  in  weight  between  iron 
and  the  wood  it  diiipIuceB. ..  tons. . 
Rubble  gtone  under  water — 

Cubic  feet 

Weight  when  submerged touH. . 

Rubble  stone  above  water — 

Cubic  feet 

Weight  in  air tong. . 

Sum  of  all  the  forces  acting  vertically 

downward    tons . . 

Buoyant  effortof  water  acting  vertically 

upward tons . . 

Resultant  acting  vertically  downward 

of  50-foot  breakwater ton«». . 

Force  acting  vertically  downward  of  1 
running  foot  of  breakwater. . .  .tons . . 
Measure  of  moment  of  force  of  1  run- 
ning foot  of  breakwater  to  resist  over- 
turning   

Measure  of  moment  of  force  upon  I  run- 
ning foot  of  breakwater  tending  to 

overturn  it 

Represent  by  I  the  measure  of  noment 
to  overturn  ]  running  foot  of  break- 
water, the  measure  of  moment  to  re- 
sist will  be , 

Relative  cost  of  the  breakwater  upon 
these  different  plana 


CROSS-SECTION  OF  THE  STRUCTURE. 


1. 

2. 

3. 

4. 

10, 029.  75 
199.34 

9,  682. 5 
192.  44 

9, 170.  75 
ie2.27 

e.' 

2.  372 
47.14 

2.  Ill 
41.96 

1,796 
33.70 

21.59 
4.09 

21.36 
3.99 

20.80 
3.88 

5.62 

5.54 

5.40 

46.  682 
1,187.47 

43, 534 
1, 107.  40 

41.250 
1,049.30 

11,143 
497.  (i3 

10,552 
47a  10 

7,044 
313.81 

1,337.22 

1,817.44 

1,  586.  46 

1. 

313.  43 

302.58 

286.59 

1,623.79 

1,514.66 

1,299.89 

32. 470 

30.297 

23.998 

32.476X25.6- 
911.60 

30.297X24= 
727. 13 

25.998X82.44= 
583.40 

19. 4i: 

349. 

5.96X28- 
166.88 

5.96X28= 
166.88 

5. 96X28= 
166.88 

5.9( 

1( 

5,463 

4,357 

3,512 

$666, 154  92 

$543,  594  72 

$498,594  48 

$4C8 

Note. — It  is  a  fit  place  here  to  present  some  of  the  reiulti  of  the  ezperimenta  upon  which  this  ta 
been  constructed. 

1.  The  white  pine  which  we  expect  to  use  for  the  Buffalo  breakwater  weighs,  green  or  water-soak 
pounds  per  cubic  foot  in  the  air. 

2.  The  rubble  stone,  (the  black  rock,)  welghji  while  submerged  in  water  50.875  pounds  per  cable 
they  will  naturally  pack. 

3.  The  same  stone  weighs  In  the  air,  with  what  resistance  it  will  absorb,  89.100  pounds  per  cable 
they  will  naturally  pack. 

4.  The  bolts,  spikes,  nails,  Sec,  weigh  477  pounds  per  cubic  solid  foot.  The  buoyant  effort  of  th* 
upon  the  crib,  with  or  without  the  bolts  and  spikes  being  inserted,  as  my  rule  is  to  bore  before  boi 
spiking ;  consequently  there  is  displaced  as  much  wood  in  bulk  as  the  iron  will  occupv  ;  hence,  in  th 
the  difference  between  the  weights  of  the  iron  and  of  the  same  bulk  of  wood  displaced  enters  into  th< 
Again,  the  buoyant  effort  of  the  water  upon  the  stone,  when  submerged,  is  allowed  for  by  simply  us 
weight  of  the  stone,  while  submerged  in  the  water,  as  is  seen  in  the  table. 

Another  force,  consisting  in  floating  ice  acting  npou  the  breakw 
demands  consideration.  Its  thickness  in  this  harbor  is  12  to  15  in 
Soon  alter  the  northeast  winds  in  the  spring  it  generally  breaks  up, 
ing  become  very  tender  and  brittle,  into  small  masses  and  escapes  • 
the  river. 

Observe,  the  northeast  winds  give  the  ice  a  motion,  if  any,  dii 
away  from  the  exposed  side  of  the  breakwater,  and  this  law  of  b 
ing  up  is  so  invariable  that  we  need  not  apprehend  danger  from 
force  to  the  structure.  * 

Should  the  anomaly  occur  of  breaking  up,  however,  under  a  s 
west  wind,  blowing  violently,  the  ice  might  then  be  forced  agaius 
breakwater,  but,  in  my  opinion,  with  no  great-er  effect  than  woul 
owing  to  the  velocity  of  the  waves  propelling  it,  if  as  great.  The  injn 
effect  would  be  to  cut  and  abrade  the  timbers  more  than  a  liabili 


REPORT  OF  THE  SECRETARY  OF  WAR.  231 

'Ttuni  the  structure.  In  i)iers  anted  upon  by  ttoatiug  ice,  of  which  I 
-e  witnessed  several,  I  have  always  observed  the  pier  itself  is  then 
ered  so  as  to  be  entirely  hidden  by  an  enormous  load  of  ice,  which 
Is  vastly  to  the  inertia  of  the  structure,  and  even  defends  it  from  an 
ading  action.  I  doubt  not  that  for  the  Bufiiilo  breakwater,  should  ifc 
T  be  constructed,  a  similar  resiUt  will  be  realized ;  and  it  should  be 
ier\'ed  that  a  sheet  of  ice  would  probably  exist  at  the  same  time  on 

inner  side  of  the  breakwater,  aftbrding  quite  as  much  inertia  in  aid 
LlieJ)reakwater  as  the  force  of  ice  on  the  other  side  would  exert  against 
if  not  more.  Should  the  floating  ice  be  found  after  construction  to 
the  timbers,  a  sheet  of  two  to  three-incli  i^lank  can  be  spiked  on, 
ending,  however,  not  more  than  two  to  three  feet  below  the  lowest 
-water  level;  it  would  be  a  useless  expenditure  to  extend  it  down  to 

natural  bed,  as  directed  in  ninth  rule  of  the  board  of  1853.  The 
ml  of  1845  discuss  the  effect  of  an  aere  of  ice  in  motion,  with  a  velocity 
three  feet  i)er  second,  (nearly  two  miles  per  hour,)  impinging  against 
ireak water,  and  estimate  that  every  two  feet  front  of  the  cake  of  an 
■e  would  exert  a  pressure  of  27.11  tons  against  each  foot  front  of  the 
Qcture. 

Did  the  board  mean  that  the  direction  of  the  impact  is  perpendicular 
the  force  of  the  breakwater!  But,  as  our  proposed  breakwater  would 
re  no  such  position  to  receive  such  an, impact,  nor  could  it  with  any 
nihility  occur,  it  is  not  worth  while  to  borrow  trouble  on  this  suppo- 
lon. 

Wers  at  other  places  on  the  lake  have  been  constructed  and  withstood 
5  pressure  of  floating  ice  without  being  cutjaway  or  overturned,  where, 
lave  no  hesitation  in  saying,  the  danger  has  been  as  great  from  this 
use  as  it  will  ever  be  at  Butt'alo. 

It  seems  to  me  that  a  breakwater,  (Fig.  4,)  the  same  as  I  presented  in 
r  supplemental  report  on  this  harbor,  forwarded  December  27,  last, 
«r  being  demonstrated  to  have  more  tl^an  double  the  resistance  to  the 
«e  acting  upon  it,  should  exi)erience  no  opjiosition.  I  should  not,  how- 
er,  object  to  Fig.  3,  but  for  its  requiring  splicing  of  timbers  and  cost- 
U  so  much  more. 

I  have  the  honor  to  be,  very  respectfully,  your  obedient  servant, 

T.  J.  CRAM, 
Colonel  Engineers^  Brevet  Major  Oetieral. 
Brevet  Major  General  A.  A.  Hu]vrPHREYS, 

Chief  of  Engineers  U.  8.  A.j  Washington^  2>.  C. 


D12. 

Buffalo,  New  York,  March  31,  1868. 

General:  I  have  the  honor  to  inclose  herewith  the  proceedings  of 
5  board  of  engineers,  reconvened  by  virtue  of  engineer  headquarter's 
ecial  Orders  No.  31,  March  11,  1868. 

[  have  also  the  honor  to  return  herewith  the  official  copies  of  the  Jan- 
ry  proceedings  of  the  same  board,  and  General  Cram'^  memoir  of 
tfch,  1868,  which  were  forwarded  to  me  from  engineer  headquarters 
•  the  use  of  the  board. 

I  am,  general,  very  respectfuUv,  your  obedient  servant, 

F.  HARWOOD, 

Capt.  Engineers^  Bvt.  Lieut.  Col,  JJ,  8.  A.,  Recorder  of  the  Board. 

Brevet  Major  General  A.  A.  Hu^iphreys, 

C  hief  of  Engitieers. 


232  REPORT  OF  THE  SECRETARY  OP  WAR. 

Proceedings  of  a  hoard  of  engineers  reconvened  by  virtue  of  the  following 

order : 

[Special  Orders  No.  31.] 
HEADQUARTERS  CORPS  OF  ENGINEERS, 

Waehingto7ij  D.  C,  March  11,  1868. 

The  board  of  engineers  constituted  by  Special  Orders  Nos.  4  and  5, 
dated  January  7  and  9, 1868,  will  reconvene  at  Detroit,  Michigan,  as 
soon  as  the  board  of  engineers,  constituted  by  Special  Orders  No.  28,  has 
completed  its  investigations  into  the  causes  of  the  injury,  &c.,  of  the  pier 
at  the  entrance  to  the  harbor  of  Erie,  Pennsylvania,  to  take  into  consid- 
eration the  letter  and  memoir  of  Colonel  and  Brevet  Major  General  T. 
J,  Cram,  cori)S  of  engineers,  dated  March  5,  1868,  in  which  he  suggests 
a  cross-section  of  the  breakwater  at  the  Buffalo,  New  York,  as  a  substi- 
tute for  that  unanimously  recommended  by  the  board  in  its  rep.ort,  dated 
January  24, 1868. 

The  board  will  reconsider  the  subject  and  submit  its  views,  together 
with  a  drawing  of  a  section  of  the  breakwater  100  feet  in  length,  in  plan 
and  elevation,  longitudinal  and  cross-section,  bill  of  materials,  and  esti- 
mate of  cost  of  construction  of  the  section. 

By  command  of  Brigadier  General  Humphreys. 

•      THOMAS  LINCOLN  CASEY, 
Major  of  Eiujineers  and  Brevet  Colonel  U.  8.  A. 


DETROIT,  Michigan, 

March  27, 1868—9.30  a.  "m. 

The  board  reconvened  in  obedience  to  the  above  order. 

Present:  Colonel  and  Brevet  Major  General  T.  J.  Cram,  corps  of  engi- 
neers ;  Colonel  and  Brevet  Colonel  J .  N.  Macomb,  corps  of  engineers ;  Lieu- 
tenant Colonel  and  Brevet  Major  General  John  Newton,  corps  of  engi- 
neers; Lieutenant  Colonel  and  Brevet  Brigadier  General  W.  F.  Baynolds, 
corps  of  engineers ;  Lieutenant  Colonel  and  Brevet  Colonel  C.  E.  Blunt, 
corps  of  engineers ;  Major  and  Brevet  Colonel  J.  B.  Wheeler,  corps  of 
engineers ;  Captain  and  Brevet  Lieuteiiant  Colonel  F.  Harwood,  corps 
of  engineers,  recorder  of  the  board. 

The  order  reconvening  the  board  was  read,  and  official  copies  of  their 
proceedings  of  January,  1868,  and  General  Cram's  memoir  of  March  5, 
1868,  were  laid  before  the  board,  they  having  been  sent  to  the  recorder 
from  engineer  headquarters  for  that  purpose.  General  Cram's  memoir 
was  read  and  considered.  The  board  reconsidering  its  proceedings  of 
January,  1868,  proceeded  to  vote  upon  the  following  questions^  viz : 

In  applying  its  recommendations  made  at  Buffalo,  that  the  dimensions 
of  the  cross-sections  and  length  of  cribs  of  the  proposed  breakwater  should 
conform  to  principles  of  the  board  of  1853,  (by  error,  recorded  1854,)  does 
the  board  mean — 

1.  That  the  total  height  from  the  foundation  to  the  platform,  as  speci- 
fied in  rule  four  of  that  board,  (1853,)  should  be  measured  from  the  bot- 
tom of  the  lake  ! 

Which  was  decided  in  the  affirmative,  by  vote  as  follows:  Ayes,  6; 
nay,  1. 

2.  That  the  height  of  the  platform  should  be  five  feet  above  highest 
known  water  f 

Which  was  decided  unanimously  in  the  affirmative. 
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3.  That  the  most  exposed  side  should  be  vertical  from  top  of  super- 
rtrnctore  to  bottom  of  lake  f 

Which  was  decided  in  the  affirmative  by  vote,  as  foUows :  Ayes,  5 ; 
my,  1. 

4.  That  the  least  exposed  side  for  a  detached  breakwater  in  deep  water, 
u  at  Buffalo,  should  be  vertical  from  the  top  to  five  or  six  feet  below 
bwwater  level,  and  thence  downward  should  have  a  sloi>e  of  three  i)er- 
pjidicnlar  to  one  base  ? 

Which  was  decided  unanimously  in  the  negative. 

The  board  then  proceeded  to  take  up  and  vote  upon  cross-sections  1, 2, 3, 
Bid  4,  as  shown  and  discussed  in  General  Ci^am's  memoir  of  March  5, 1868, 
Bie  qnestion  being,  Will  the  board  adopt  such  cross-section  discussed  in 
B«ieral  Cram's  memoir  of  March  5,1868,  and  drawn  in  strict  conformity 
iothe  niles  of  the  board  of  1853,  as  the  cross-section  for  the  breakwater 
It  Bttflalo,  New  York  I  Which  cross-sections,  being  severally  voted  upon , 
tere  each,  in  succession,  unanimously  rejected. 

A  plan  and  sections  were  then  presented  for  the  consideration  of  the 
board,  to  which  General  Cram  proceeded  to  state  his  objections  in  detail. 
After  a  Ml  consideration  of  these  objections  the  board  proceeded  te  vote 
ttpon  the  following  question : 

Will  the  board  adopt  a  rectangular  cross-section,  with  a  uniform  width 
rf34  feet,  framed  and  constructed  as  in  the  drawings  herewith  presented, 
fcpresenting  a  cross-section  for  the  mean  depth  of  water  along  the  pro- 
posed site! 

Which  was  decided  in  the  affirmative  by  the  following  voto:  Ayes,  5  j 
lays^l. 

The  board  then  took  a  recess  until  2.30  p.  m.  At  2.30  p.  m.  the  board 
wassembled,  and  having  maturely  reconsidered  the  subject  of  the  cross- 
''ction  of  the  breakwater  at  Buffalo,  'New  York,  and  duly  discussed  the 
^mi  of  General  Cram,  dated  March  5, 1868,  have  the  honor  to  submit 
*fir  views  in  the  foUowing  rei)ort: 

The  board  have  duly  considered  the  letter  and  memoir  of  General 
I™  to  the  Chief  of  Engineers,  dated  March  5, 1868,  with  the  accom- 
*Djing  drawings,  and  have  examined  the  model  of  the  breakwater  in 
^  office.  They  have  examined  the  photographic  drawings  of  cribs  con- 
ducted by  Colonel  Graham,  and  have  discussed  the  rules  laid  down  by 
e  board  of  engineers  of  1853,  for  constnicting  breakwaters,  piers,  &c., 
the  Jakes. 

Rie  board  do  not  recommend  the  construction  of  this  work  with  the 
8s-8ections  discussed  by  General  Cram  in  his  memoir  with  drawings 
I  model,  and  herewith  attach  a  drawing  showing  the  plan  and  eleva- 
I  of  a  section  100  feet  in  length,  with  longitudinal  and  cross-sections 
ier;  also  a  bill  of  materials  and  estimate  of  the  cost  of  construction, 
he  board,  in  the  month  of  January,  1868,  recommended  a  breakwater 
le  "  general  dimensions"  proposed  by  the  board  of  1853,  (written,  by 
ake,  1854.) 

ftera  thorough  examination  of  these  rules,  laying  down  the  principles 
instruction,  this  board,  while  agreeing  to  them,  do  not  conceive  that 
are  necessarily  to  be  strictly  applied  in  literal  detail.  The  cross- 
on  of  the  breakwater  now  projwsed  is  similar  to  that  of  the  break- 
T  proposed  for  Burlington,  Vermont.  It  varies  from  that  suggested 
le  board  of  1853,  in  having  its  sides  vertical  insteatl  of  having  a  slope 
itter,  as  suggested  by  them,  for  the  sheltered  side. 
le  details  of  the  construction  of  this  breakwater  are  nearly  identical 
those  of  Colonel  Graham.  The  cross-section  proposed  is  rectangular, 
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34  feet  base,  aud  a  total  height  varying  from  29  to  37  feet,  the  top  being 
placed  five  feet  above  the  high  water  of  1838,  the  highest  water  known. 

In  the  opinion  of  the  board,  the  breakwater  thus  constructed  will  have 
ample  stability  and  capability  of  resisting  any  destructive  force,  w^hether 
of  the  waves  or  ice,  that  it  may  be  exposed  to. 

In  presenting  this  cross-section,  differing,  as  it  does  slightly,  from  tbe 
rules  laid  down  by  the  board  of  1853,  this  board  feel  it  due  to  the  subject^ 
particularly  after  their  indorsement  of  the  principles  laid  down  in  those 
rules,  to  give  their  rciison  for  sucli  deviation. 

The  fourth  rule,  requiring  the  average  width  to  be  equal  to  the  total 
height  from  the  foundation  to  the  platform,  in  the  opinion  of  the  board, 
may  be  modified  for  depths  of  30  feet  and  upwards.  At  the  south  end, 
where,  on  General  Cram's  chart,  the  depth  is  29^  feet,  or,  by  reference  to 
the  high  water  of  1838,  adopted  as  the  standard  by  the  board,  about  32 
feet,  the  riUe  of  the  board  of  1853  would  require  a  width  of  at  least  37 
feet  instead  of  34  feet,  w^hich  is  prescribed  in  the  drawings  herewith 
attached,  as  the  uniform  width  of  the  proposed  breakwater.  The  inertia 
of  a  mass,  such  as  a  crib  in  32  feet  depth  of  water,  50  feet  long,  34  feet 
wide,  and  37  feet  high,  and  its  consequent  resistance  against  an  effort  to 
overturn  it,  is  already  much  superior  to  the  strength  of  the  crib- work 
which  binds  the  mass  together. 

In  the  opinion  of  the  board,  likewise,  the  proposed  breakwater,  situ- 
ated in  water  too  deep  to  allow  the  wave  to  break,  is  not  exposed  to  the 
impact  of  water  having  the  motion  of  translation  due  to  a  broken  wave; 
and  it  follows  that  the  sole  necessity  was  to  impose  such  reasonable 
width  upon  the  cross-section  as  might  be  sufficient  to  counteract  a  ten- 
dency to  careen,  arising  from  the  unequal  resistance  of  the  bottom  of  the 
lake,  or  a  wash  of  the  materials  of  which  it  is  composed. 

The  seventh  rule,  which  prescribes  a  slope  to  the  inner  face  of  piers. 
&c.,  from  a  point  five  feet  below  the  water  level,  is  likewise  departea 
from.  The  effect  of  such  slope  is  to  throw  the  center  of  gravity  nearer 
to  the  outer  line  of  the  breakwater  and  to  cause  an  unequal  settlement, 
while^  as  already  shown  for  structures  placed  in  deep  water,  there  is  not 
sufficient  thrust  from  seaward  due  to  waves  to  compensate  and  overcome 
such  tendency. 

Alluding  to  the  14th  rule,  the  board  is  of  opinion  that  the  8ui)erstruc- 
ture  should  not  be  put  on  the  cribs  until  the  latter  have  had  sufficient 
time  allowed  them  to  settle  and  take  a  permanent  bed.  That  part  above 
the  water  may  be  continuous  work,  or  as  shown  in  the  drawing,  and  the 
length  of  each  crib  should  not  be  less  than  50  feet. 

With  these  remarks  the  board  respectfully  submit  the  drawings,  bill 
of  materials,  and  estimate  of  cost,  as  required  by  the  Chief  of  Engineers. 

Having  finished  its  duties,  the  board,  at  5.15  p.  m.,  adjourned  sine  die. 

J.  K.  MACOlVrB, 
Colonel  of  Engineers^  Brevet  Colonel  U.  S.  A. 

JOHN  NEWTON, 
Lieutenant  Colonel  of  Engineers^  Brevet  Major  Oeneral. 

W.  F.  EAYNOLDS, 
Lieutenant  Colonel  of  Engineers^  Brevet  Brigadier  Oeneral, 

C.  E.  BLUNT, 
Lieutenant  Colonel  of  Engineers^  Brevet  Colonel. 

J.  B.  WHEELER, 
Major  of  Engineers^  Brevet  Colonel. 

I  respectfully  dissent  from  the  majority  of  the  board  in  the  following 
points :  In  the  shape  of  the  figure  of  the  cross-section ;  in  the  size  of 
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cross-section  of  some  of  the  timbers;  ia  the  size  of  the  drift-bolt  iron, 
'.  in  the  practical  method  of  combining  the  timbers.  In  all  other 
jects  I  agree  with  the  majority,  and  will  present  a  memoir,  as  soon 
[  can  make  it,  upon  the  points  of  my  dissent. 

T.  J.  CKAM, 
Colonel  of  UtigineerSj  Brevet  Major  Oerieral. 
'.  Habwood, 

CapL  Enffineers^  But  Lieut  Col,  U.  8.  A.y  Recorder  of  the  Board. 

Bill  of  materials  and  estimated  cost  for  one  crib. 

^  cubic  feet  of  12-inch  square  timber,  at  25  cents $2, 851  50 

^  feet    (board  measure)   for  decking,  1,500  feet  (board 

leasure)  for  sheathing ;  5,580  feet,  at  $25 139  50 

05  pounds  1  J-inch  square  wrought-iron  bolts,  at  5  cents . .  716  75 

pounds  wrought-iron  spikes,  at  7  cents 24  50 

>0  cubic  yards  rubble  stone,  at  $2 3, 500  00 

Ml  cubic  feet  framing,  at  15  cents 1,  780  65 

itingencies  of  10  per  cent 901  30 

Cost  of  one  crib  of  50  feet 9, 914  20 

It  of  one  section  of  100  feet 19, 828,  40 

OflBcial.] 

F.  HARWOOD, 
Captain  Engineers^  Brevet  Lieutenant  Colonel  U.  S.  A., 

Recorder  of  the  Board. 


limate  of  cost^  using  prices  now  contracted  for  by  Oeneral  Cram,  for  this 

icork. 

406  cubic  feet  of  12-inch  square  timber,  at  24  cents $2, 737  44 

80  feet  (board  measure)  plank,  at  $20 Ill  60 

335  pounds  IJ-inch  square  wrought-iron  bolts,  at  3 J  cents.  555  58 

^pounds  wrought-iron  spikes,  at  5 J  cents 19  25 

50  cubic  yards  rubble  stone,  at  $1  50 2, 625  00 

871  cubic  feet  framing,  at  12  cents 1, 424  52 

Dtingencies  of  10  per  cent 747  40 

Cost  of  one  crib  of  50  feet 8, 220  79 


Jt  of  one  section  of  100  feet $16, 441  58 

Official.] 

F.  HARWOOD, 
Captain  Engineers,  Brevet  Lieutenant  Colonel  U.  8,  A., 

Recorder  of  the  Board. 
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D  13. 

Headquarters  Corps  of  Engineers, 

Washingtonj  B.  (7.,  Aj^Hl  3, 1868. 

General:  The  amount  on  hand  for  the  improvement  of  Buffalo 
harbor,  and  such  sum  as  may  be  appropriated  for  it  at  the  present  ses- 
sion of  Congress,  will  be  applied  as  follows : 

1.  To  repair  and  protect  the  existing  piers. 

2.  To  extend  the  south  pie#  according  to  your  plan,  as  recommended 
by  the  board  of  engineers  for  Buffalo  harbor,  and  approved  here. 

3.  To  the  dredging  that  may  become  necessary  between  the  exten- 
sion of  the  south  pier  and  prolongation  of  the  line  of  the  north  pier. 

4.  To  the  construction  of  the  breakwater  in  the  position  and  with  the 
length  proposed  by  you,  as  recommended  by  the  board  of  engineers  for 
Buffalo  harbor,  and  approved  here. 

The  breakwater  will  be  built  according  to  the  plan  of  construction 
recommended  by  the  board  of  engineers  for  Buffalo  harbor,  at  their 
session  of  March  27, 1868,  when  convened  by  order  of  March  11, 1868, 
from  these  headquarters.  A  copy  of  their  report  and  recommenda- 
tions, which  are  approved,  is  herewith  sent  for  your  guidance. 

The  work  of  improvement  specified  above  will  be  carried  on  with  the 
utmost  diligence,  and  you  will  take  all  the  measures  necessary  thereto. 
The  south  part  of  Erie  basin  breakwater  will  not  be  removed  until 
authorized  from  these  headquarters. 

No  contracts  or  engagements  will  be  entered  into  beyond  the  amount 
of  money  appropriated. 

Very  respectfully,  your  obedient  servant, 

A.  A.  HUMPHREYS, 
Brigadier  Oeneral  of  Engineers^  Commanding. 

Brevet  Major  General  T.  J.  Gram^ 

Colonel  of  Engineers^  Betrott,  Michigan. 


D  14. 

United  States  Engineer  Office, 

Betroitj  Michigan^  April  25, 1868. 

Sir  :  I  have  taken  the  liberty  of  forwarding  to  you  by  mail  to-day  a 
small  package  of  two  simple  models,  one  showing  the  old  method,  the 
other  my  improvement  of  framing  timber  together  in  cribs. 

I  also  forward  my  memoir  explaining  my  dissent  upon  some  points 
from  the  majority  of  the  board  of  engineers  ui)on  the  question  of  cross- 
section,  &c.,  of  the  breakwater  for  Buffalo  harbor.  On  the  point  of 
*^  combining  the  timbers"  the  models  will  assist  better  than  any  drawing 
could  in  understanding  some  of  the  reasons  set  forth  in  the  memoir. 

After  careful  reading  of  the  facts  it  is  possible,  I  may  say  probable, 
that  some  modification  of  the  order  of  April  3, 1868,  to  me,  in  respect  to 
paragraph  four,  may  be  thought  advisable  to  be  sent  to  me;  especially 
when  a  saving  of  over  $160,000  would  be  the  result  in  the  first  cost,  and 
a  great  saving  in  all  subsequent  repairs. 

The  bills  of  materials  are  being  made  out  in  strict  accordance  with 
paragraph  4  of  that  order,  but  before  putting  them  into  the  hands  of 
the  contractor  there  will  be  time  to  change  them  to  meet  any  modifica- 
tion that  may  be  sent  to  me. 
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eems  to  me  to  be  my  duty  to  bring  this  question  of  so  great  a 
•  to  your  notice  before  it  will  be  too  late  for  remedy, 
have  the  honor  to  be,  very  respectAilly,  your  obedient  servant, 

T.  J.  CRAM, 
Colonel  Bngineers^  Brevet  Major  General. 
et  Major  General  A.  A.  Humphreys, 

Brigadier  General^  Chief  of  Engineers  U.  S*  A. 


United  States  Engineer  Office, 

Detroit^  April  25, 1868. 

In  the  report  of  the  board  of  engineers  upon  the  breakAvater 
iialo  harbor,  I,  being  a  member  thereof,  dissented  from  the  views 
majority  in  certain  points  in  respect  to  the  details  of  tlie  phin  of 
ction  of  the  breakwater,  which  plans  are,  as  also  the  estimate, 
i  to  the  rei>ort  of  the  board  in  answer  to  the  orders  reconvening 
:d,  from  headquarters  corps  of  engineers,  March  11, 1868. 
ointa  of  my  dissent  ai*e — 

shape  of  the  figure  of  cross-section  of  the  breakwater, 
size  of  the  diameters  of  some  of  the  timbers, 
size  of  the  drift-bolt  iron, 
the  practical  method  of  combining  the  timbers. 
I  other  respects  I  agree  fully  with  the  majority  of  the  board, 
jvity,  the  drawings  recommended  by  the  majority  of  the  board 
iesignated  No.  5,  and  the  drawings  differing  in  the  points  of  my 
and  herewith  attached,  are  designated  No.  6,  this  being  the 
1  number  of  all  the  cross-sections  w^hich  will  have  been  dis- 
No.  5  is  that  which  the  majority  of  the  board  recommend.    No. 
t  which  I  would  recommend. 

it  may  be  thought  presumptuous  or  captious  in  the  constructing 
r  to  pursue  this  subject,  when  the  superior  authority  has 
d  No.  5,  and  ordered  it  to  be  carried  into  effect.  Such  motives, 
•,  are  far  from  me:  I  am  solely  influenced  by  the  desire  to  do 
X)  a  subject  of  such  magnitude  as  the  construction  of  a  break- 
hich  must  cost  more  than  $500,000;  besides,  the  order  of  appro- 
issued  before  it  was  possible,  owing  to  other  duties,  for  me  to 
it  in  intelligible  forms  the  requisite  c&a wings  of  No.  6. 
take  occasion  here  to  say  that  if  I  fail  to  convince  that  No.  6  is 
il  to  or  better  than  No.  5, 1  will  just  as  cheerfully  and  zealously 
te  in  carrying  out  No.  5  a«  I  ^vould  No.  6. 
point  of  dissent:  "  Shape  of  the  figure  of  the  cross-section,"  as 
wn  to  a  scale,  [for  diagram  see  original.]  Under  the  diagrams  are 
n  juxtaposition  the  statement  of  facts  in  respect  to  each,  from 
•  draw  comparisons  of  advantage  or  disadvantage. 

cross-sections  in  deepest  water. 


being  a  *' rectangle"  with 
base  and  variable  height, 
g  to  depth  of  water  in 
le  crib  stands,  the  height 
aan  cross-section  is  34',  (see 
Lrawn  and  sent  with  report 

,850  running   feet  of  the 


No.  6,  being  a  *' trapezium" 
with  constant  width  on  top  and 
variable  base,  according  to  depth 
of  water,  the  height  of  the  mean 
cross-section  is  (as  in  5)  34',  and 
the  base  will  be  35',  one  foot  more 
than  its  height. 

For  1,200  running  feet  of   the 
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4,000'  breakwater,  the  base  No. 
5  will  be  less  than  the  height;  in 
350  running  feet  the  t^ase  will  be 
just  about  equal  to  the  height; 
and  in  1,800  running  feet  the 
base  will  be  a  little  greater  than 
the  height. 

The  "prism  of  thrust"  (a,  b,  c, 
d,)  of  the  rubble  stone  filling  con- 
fined between  the  walls  of  the  faces 
of  cribs  No.  5  is  in  cross-section  432 
square  feet. 

In  No.  5,  above  low  water,  there 
would  be  in  timber  and  plank 
1,777,280  feet,  board  measure,  to  rot, 
and  which  will  require  renewing 
every  10  years  to  keep  it  in  good 
repair. 

In  No.  5  there  would  be  5,754 
cords  of  stone  to  handle  over  at  an 
expense  of  not  less  than  $1  50 
per  cord  every  time  of  renewing  the 
wood  of  the  parts  above  water. 

In  No.  5  a  very  large  portion  of 
the  timbers  are  "long,"  being  34 
feet  in  length  and  not  aifording  a 
sufficient  variety  of  lengths  to  make 
it  a  convenient  bill  to  fill ;  it  wiU 
be  a  "bitter  pill"  to  the  contractor. 


In  No.  5,  37  of  the  cribs  built  up 
as  high  as  represented  in  the  draw- 
ing of  the  board  would  most  proba- 
bly upset  on  being  floated  out  to 
the  place  where  they  are  to  rest, 
unless  buoyed  up  at  much' expense. 


breakwater  the  base  No.  € 
be  nearly  equal,  though  very 
less  than  the  height;  for 
running  feet  the  base  wi 
equal  to  the  height;  and  fo 
remaining  2,350  running  fee 
base  will  be  greater  than  the  h 
The  "prism  of  thrust"  (a, 
d,)  in  No.  6  is  only  345  squar 
in  cross-section. 


In  No.  6  the  amount  of  t 
above  low  water  that  will  re 
have  to  be  renewed  every  10 
is  only  1,502,323  feet,  board  me^ 


In  No.  G  the  stone  to  be  ha 
over  at  every  renewal  of  the 
above  water  would  be  4,726  < 
at  an  expense,  say  $1  50  per 

In  No.  6  there  is  a  great  v 
of  lengths  of  the  timbers,  malj 
a  comparatively  easy  and  mu( 
expensive  bill  for  the  contrac 
fill ;  every  stick  above  24'  is 
"long  timber"  and  much  mo 
pensive  in  proportion  to  its  1 
above  24'. 

In  No.  6,  all  being  built  t 
water,  (and  the  superstructure 
wards  put  on,)  none  will  up 
being  floated  to  their  final  r 
place. 


Several  practical  conclusions  are  to  be  drawn  from  the  above 
of  comparison.  In  nearly  half  of  the  breakwater  cribs,  No.  5  woi 
top-heavy,  and  the  general  stability  of  the  breakwater  would  be  in 
of  No.  6.  The  force  of  thrust  of  the  stones  to  bulge  out  the  sid 
bers  of  the  cribs  in  No.  5  would  be  greater  than  No.  G,  in  the  n 
1  to  ^;  aU  other  things  being  equal.  No.  6  would  be  stronger  to 
the  side  timbers  from  being  pushed  off  from  the  ties  in  the  same 

The  cost  of  subsequent  repairs  of  superstructure  in  No.  5  woi 
greater  than  it  would  be  in  No.  6,  in  the  ratio  of  1  to  ^u^. 

There  are  several  places  on  the  lake  where  the  forces  of  wave  a 
are  quite  as  great  as  at  Buffalo,  and  where  a  thickness  of  pier  L 
considerable  than  24  feet  has  successfully  resisted,  and  where 
known  that  the  waves  when  greatest  are  entirely  broken  before  sh< 
over  the  pier  into  the  inner  harbor  to  do  any  harm.  Indeed  our  c 
ence  teaches  us  that  24  feet  for  a  thickness  at  top  is  ample,  and  ti 
exposed  to  the  heaviest  waves  being  so  near  a  vertical  as  No.  6, 
all  probability  satisfy  the  fastidiousness  of  those  who  think  th; 
waves  should  be  met  with  a  vertical  wall  to  be  most  effectually  bU 
broken  or  resisted. 
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id  i)oint  of  dissent :  "  Size  <)f  some  of  the  timbers."    Besides  the 
'nience  already  alhided  to  of  not  affording  a  sufficient  variety  in 

of  the  timbers  in  No.  5,  tlie  transverse,  also  the  longitudinal 
timbers,  are  unnecessarily  large,  nnd  the  floor  timbers  of  the 
^,  not  of  the  most  proper  thickness  and  depth.  The  covering 
re  too  thick.  Experience  shows  that  on  our  piers  the  2-inch 
iger  than  the  3-inch  or  4-inch  plank ;  a  result  easily  accounted  for, 
ich  I  have  seen.  It  is  not  to  be  supposed  that  the  top  of  this 
ater  is  to  be  used  for  dock  i)urposes. 

I  point  of  dissent :  "  Size  of  the  drift-bolt  iron."  In  No.  5  it 
cli  square ;  in  No.  0,  1  inch  square.  In  No.  5  they  are  generally 
es  long;  in  No.  (>,  32  inches  long.  The  size  of  the  iron  should 
[  upon  the  quality.  I  apprehend  those  bolts  which  have  been 
nted  as  having  broken  were  of  cold  short,  not  much  better  than 
•n.  I  know  from  experiment  that  our  Lake  Superior  iron,  made 
'dug  with  other  ore  to  harden  and  stiffen  it,  affords  us  drift- 
br  harbor  works  of  very  superior  quality,  having  sufficient 
s  not  to  bend  in  driving,  and  great  toughness  to  prevent  break- 
think  1  J-inch  unnecessarily  large ;  it  should  not  be  more  than 
d  1  inch  square  is  ample  if  the  bolts  are  properly  distributed  and 
lere  they  should  be  in  the  structure,  and  will  bo  less  liable  to 
be  timbers  on  being  driven;  this  liability  and  the  increased 
«  are  my  objections  to  1  J-inch  iron. 
Ill  point  of  dissent :  ^^  Practical  method  of  combining  the  tim- 

This  involves  not  only  the  manner  in  which  the  timbers  are 
nted  and  put  in  the  work,  but  likewise  the  manner  of  framing  the 
8  to  each  other ;  and  in  order  to  make  these  points  clear,  and  to 
lem  beyond  the  possibility  of  doubt  or  cavil,  I  accompany  the 
sion  with  sketches,  and  introduce  for  the  mathematical  deductions 
suits  of  actual  experiment.    The  cribs  of  course  should  be  made 

enough,  by  the  size  and  combination  of  the  timbers,  to  resist 
moved  outwards  or  inwards;  further  than  this,  every  additional 
'  timber  pat  into  the  work  is  objectionable  on  two  accounts :  the 
»S8ar>'  timber  excludes  so  much  stone,  thereby  diminishing  the 
t  of  the  ballast,  causing  the  buoyant  effort  of  the  water  to  have 
iffect  to  raise  the  crib;  and  the  cost  is  enhanced.  To  illustrate  the 
a  cord  of  stone  in  the  crib  costs  only  $6  85,  while  a  cord  of  tim- 
imed  into  the  crib  costs  S46  08. 


So.  5  the  end  pieces  of  the 
ire  laid  on  each  other,  so  as 
ru  solid  walls,  as  well  as  the 
ieces,  and  the  end  pieces  are 
i  into  the  side  pieces  by  a 
"dovetail  tenon"  set  two  feet 
n  the. end  of  the  side  timbers, 
ig  what  is  vulgarly  called  the 
•homed  crib,"  the  horns  shown 


^o.  5  the  cross-ties  are  like- 
aid  on  each  other,  forming 
partition  cross-walls,  and  are 
(1  into  the  side  timbers  with  a 
"  do\'etail  tenon ;"  at  all  the 
gg   of  the  end   timbers  and 


In  No.  6  the  end  timbers  of  the 
cribs  are  laid  on  each  other,  so  as 
to  make  solid  walls,  as  well  as  the 
side  timbers,  but  the  end  and  side 
timbers  at  tlie  corners  of  the  cribs 
are  framed  together  by  the  "double 
dovetail  lap,"  designed  by  myself 
some  few  years  since  to  obviate  the 
weakness  of  the  single  dovetail  ten- 
on. This  double  dovetail  lap  does 
away  with  the  horns. 

In  No.  6  the  cross-ties  are  not  laid 
on  each  other,  each  being  one  stick 
without  splice,  and  in  each  tier  rise 
one  above  another,  but  separate 
from  each  other  one  foot  or  by  a 
space  equal  to  the  vertical  rise  of 
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cross-ties  with  the  side  timbers, 
each  side  timber  is  cut  half  away, 
leaving  cross-section  thereof  only 
72  square  inches. 

In  Ko.  5  the  longitudinal  parti- 
tion timbers  are  likewise  laid  on 
each  other,  forming  a  solid  wall : 
and  where  they  cross  with  the  end 
timbers  and  cross-ties,  each  the  end 
timber,  the  cross-tie,  and  the  longi- 
tudinal timber  is  notched  half  away, 
making  the  cross-section  72  square 
inches. 


In  No.  B  the  single  dovetail  tenon 
has  its  neck  only  of  54  square  inches 
in  cross-section,  and  its  bevel 
surface  or  wedging  part  only  74.2 
square  inches,  and  this,  of  course, 
is  the  holding  of  the  two  side  tim- 
bers when  the  tenon  is  inserted  be- 
tween them. 


a  side  timber  and  joined  to  the  side 
timbers  by  the  "  double  dovetaiF 
designed  by  myself. 

In  Ko.  6  the  longitudinal  parti- 
tion timbers  also  rise  by  the  same 
space  between  tliem  and  pa^ 
through  the  spaces  between  tiie 
cross-ties,  and  are  double  dovetailed 
into  the  end  timbers  of  the  crib 
where  the  longitudinal  partition 
timbers  and  cross- ties  cross;  every 
other  one  only  is  cut  half  off  and 
are  left  with  their  full  strength  at 
the  center  and  bolted  there,  and 
thus  forming  solid  piers  at  the  cen- 
ter of  the  crib. 

In  ]No.  G  the  double  dovetail  has 
64  square  inches  in  cross-section  of 
its  neck  and  253  square  inches  bev- 
el or  wedging  surface  to  hold  the 
two  side  timbers  where  the  double 
dovetiiil  is  framed  in. 


^Notwithstanding  the  solid  transverse  and  longitudinal  partition  walls 
introducing  double  the  number  of  timbers  in  No.  5,  it  is  demonstrated 
(pages  9  to  12  in  this  memoir)  that  No.  6  is  much  stronger  at  all  the  joints 
and  in  all  its  parts  to  resist  the  thrust  of  the  filling;  and  besides  the 
saving  in  timber  and  allowing  more  stone  ballast,  it  is  very  much  less 
expensive  in  labor  of  framing  than  No.  5.  Any  weakness  that  might  be 
supposed  to  arise  by  hahdng  (as  we  do  in  No.  5)  two-thirds  of  the  cross- 
ties  into  the  longitudinal  partition  timbers  where  they  cross^  is  more 
than  compensated  by  the  system  of  truss-bracing  I  introduce  for  the  longi- 
tudinal partition  timbers,  (sheet  D,)  or  block  in,  as  shown  at  a  in  that 
sketch. 

A  combination  of  timbers  (as  in  No.  5)  necessitates  the  "  horns"  of  two 
feet  in  length  at  each  corner  of  every  crib  in  the  whole  line  of  break- 
water. These  horns  are  weak,  and  do  not  well  resist  the  thrust  of  stones 
put  in  to  fill  the  four-feet  spaces  between  the  crib  ends;  besides,  it  is 
very  difficult  to  adjust  one  crib  with  its  horns  fairly  against  those  of  the 
next  crib;  the  openings  which  in  consequence  are  left  allow  ice  to  get 
in  around  the  horns,  where  it  clings  with  great  tenacity;  wherea.s  mak- 
ing the  cribs  without  horns,  as  in  No.  6,  there  is  much  less  difficulty  in 
placing  them  tightly  end  to  end ;  and  if  a  joint  be  found  open  after  the 
setting  it  can  be  readily  closed  by  inserting  board  wedges ;  and  ahonld 
one  end  of  the  crib  after  setting  be  found  to  overhang  the  fellow  end  of 
the  next,  before  being  brought  to  join,  can  be  furnished  with  two  rows 
of  boards  placed  up  and  down  in  shape  of  an  inverted  wedge  nailed  on, 
with  such  thickness  as  will  lay  tightly  against  the  overhanging  crib  end. 
Another  advantage  of  No.  C  is,  that  one  crib  can  be  firmly  attached  to 
the  other  six  inches  below  the  surface  of  the  wate^  by  strong  drift  or 
nut  and  screw-bolts ;  to  such  a  connection  I  attach  importance. 

None  of  these  advantages  obtain  for  No.  5;  and  when  sunk,  cribs  No. 
5  will  present  the  appearance  viewed  directly  downward,  illustrated  in 
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be  rigrbt  hand  sketch  seen  on  sheet  A.  To  have  the  cribs  extend  all 
he  way  independently  from  the  bed  of  the  lake  to  the  very  top  of  the 
stTUCtare,  as  in  No.  5,  is  highly  objectionable;  from  where  the  wave 
lotion  is  most  effective  to  the  top,  there  is  no  bond  to  keep  the  cribs  in 
line,  or  t^  connect  one  with  the  other;  all  are  independent,  like  a  row 
of  bricks,  and  in  stability  not  uidike  a  row  of  fence-panels  withont  the 
stiffening  cap-rail.  Whereas,  carry  the  cribs  proper  up  to  the  surface  of 
the  water,  as  in  No.  6,  and  then  put  on  a  running  superstructure,  cover- 
iiif  the  whole  series,  breaking  joints  in  the  side  timbers  as  one  would  do 
in  masonry  walls,  the  whole  series  of  cribs  would  be  vastly  stiffened  and 
bonded  just  where  there  is  the  most  need,  and  we  should  be  enabled  to 
pre^nt  to  the  eye  a  uniform,  unbroken  structure  for  the  upper  part  of 
the  breakwater. 

The  cross-ties  of  the  suiierstructure  should  be  directly  over  those  in 
Ihe  foundation  cribs,  making  the  stone  pits  continuous,  like  a  well,  from 
top  of  superstructure  to  the  bottom  of  the  crib,  a  condition  that  should 
he  insisted  on  in  every  pier;  in  this  way  the  cross-ties  of  the  superstruc- 
ture, as  also  those  of  the  cribs,  are  relieved,  in  a  measure,  from  the  break- 
inj;  force  of  the  ballast.  Ko.  5,  however,  enjoys  this  advantage  equally 
:  with  No.  6. 

ComparUans  of  the  holding  cnpacity  of  my  double  dovetail  and  the  old 
single  davetail  tenon^  alno  my  double  dovetail  lap. 

On  commencing  to  repjiir  the  old  piers  in  1864,  wherein  the  cribs  and 

thfc  superstructure  were  framed  universally  with  the  single  dovetail  tenon , 

;jk  was  observed  that  the  prism  of  thnist  of  the  stone  filling  had  in  hun- 

of  places  forced  the  side  timbers  away  from  the  tenon,  and  thus 

ie  openings  under  water  for  the  stones  to  escape  and  serious  breaches 

oa-or. 

This  great  defect  in  original  framing  I  endeavored  to  remedy  by  de- 
igning my  double  dovetail  for  the  ends  of  the  cross-ties,  and  the  double 
jvetail  lap  for  the  corners  of  the  cribs,  and  thus  gaining  strength,  also 
ing  away  with  the  old-fashioned  horned  cribs.    These  imi)ix)vements 
ive  been  followed  in  all  my  works  since  1864,  and  every  experienced 
tlianic  familiar  with  the  old  method,  and  who  has  framed  by  the  new, 
ready  to  certify  to  the  great  superiority  of  the  latter. 
Again,  another  weakness  was  observed:  in  a  great  many  cases  the 
[^k  of  the  old  tenon  of  the  ties  was  broken  oil'  from  the  want  of  suf- 
it  cross-section  there  to  resist  the  breaking  force.    My  double  dove- 
1  joint  has  a  bevel  or  wedging  surface  to  resist  any  force  to  push  or 
off  the  side  timber  of  259.16  square  inches;  and  the  cross-section 
the  neck  is  81  square  inches  where  we  bevel  one-fourth,  as  in  the 

of  No.  5  or  No.  6. 
The  old  method  (No.  5)  allows  74^  square  inches  only  for  the  bevel 
wedging  surface  to  resist  the  thrust,  and  the  neck  of  the  tenon  only 
square  inches  to  resist  being  broken. 

Sow  suppose  equal  care  in  framing  and  bolting  the  side  timbers  near 
^ie  joint  to  hug  the  tenon,  and  exactly  the  same  kind  of  timber  for  the 
and  side  timlxjrs,  the  ratio  of  the  holding  forces  is  theoi^etically  and 
tly  the  same  as  the  ratio  of  the  wedging  surfaces.    Hence,  calling 
the  force  of  the  double  dovetail  to  prevent  the  side  timbers  from  being 
led  off  by  the  prism  of  thrust,  and/  the  preventing  force  of  the  sin- 
dovetail  tenon,  we  shall  have  /:  F : :  74X :  259.16,  or  as  1  to  3.49 ; 
lifid  the  resistance  to  breaking  at  the  necks  toeing  represented  by  B  for 
!tte  doable  dovetail,  and  by  b  for  the  single  dovetail  tenon,  we  shall  hiive 
i:  B ::  54 :  81,  or  as  1  to  1.5. 

16  w— Part  II 
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A|2fain,  the  labor  of  framing  the  double  dovetail  is  just  one-third  of 
that  of  framing  the  single  dovetail  tenon. 

Again,  in  the  double  dovetail  one  of  the  embracing  side  timbers  at 
the  joint  is  cut  half  away,  leaving  the  cross-section  72  square  inches^ 
while  the  other  embracing  timber  is  not  out  half  way  5  it  has  left  at  the 
joint  90  square  inches  in  cross-section,  and  both  have  left  162  square 
inches  in  cross-section  there.  Kow,  in  the  single  dovetail  tenon  both  of 
the  embracing  side  timbers  (as  in  No.  5)  are  cut  half  away,  leaving  the 
cross-section  of  both  there  only  144  square  inches 5  calling  S  and  « the 
strengths,  respectively,  of  the  side  timbei*s  at  the  joints  of  the  double 
dovetail  and  the  single  dovetail  tenon,  we  shall  have  » :  S  ::  144 :  162:: 
1 :  1.13.  And  the  labor  of  framing  is  in  favor  of  the  double  dovetail  in 
the  same  ratio. 

We  now  come  to  the  double  dovetail  lap  at  the  corners  in  No.  6  to 
compare  with  the  single  dovetail  tenon,  as  in  No.  5;  call  the  holding 
force  of  the  former  C,  and  that  of  the  latter  c,  and  we  shall  have  c :  C :: 
74.2  :  153,  or  as  1 :  207  ;  and  the  area  of  the  cross-section  there  is  72 
square  inches  for  each,  just  the  same  as  in  the  single  dovetail  tenon, 
which  gives  four  horns  to  the  crib.  But  the  labor  of  framing  is  not  even 
one-fifth  as  much  for  the  double  dovetail  lap  as  for  the  single  dovetail 
tenon. 

I  have  performed  some  experiments  upon  models  with  a  very  nice 
testing  machine,  kindly  furnished  me  by  the  Detroit  Bridge  and  Iron 
Works  Company,  and  find  that  this  testing  machine  gives/:  F ::  675: 
1,875,  orasl:  2.8. 

The  difference  between  this  and  the  theoretical  is  owing  undoubtedly 
to  the  difference  in  the  wood  of  which  the  two  models  were  made,  and 
other  differences  in  practical  firaming  which  it  is  impossible  to  avoid. 
Enough,  however,  has  been  proven  to  show  the  great  superiority  of  the 
double  dovetail  and  double  dovetail  lap  over  the  single  dovetail  tenon 
for  combining  the  timbers  in  cribs  to  resist  the  effect  of  the  prism  of 
thrust,  as  also  the  breaking  force  at  the  neck. 

In  my  calculations/ will  be  taken  in  the  ratio  to  F  as  1 : 2.8,  the  same 
as  resulted  from  experiment;  and  c  in  the  ratio  of  G  as  1 : 2.03,  so  as  to 
give  all  possible  advantage  to  the  old  method,  notwithstanding  other 
experiments  might  give  a  greater  ratio  in  favor  of  F. 

I  now  take  one  side  of  a  crib  and  superstructure  of  50  feet  in  length 
from  the  natural  bed  to  deck.  To  hold  the  side  timbers  from  being 
thrust  out,  we  have  in  No.  5  64  end  timbers  and  96  cross-ties,  and  in 
No.  6  we  have  56  end  pieces  and  59  cross-ties.  In  5  the  total  resisting 
force,  where  all  have  the  "single  dovetail  tenon,"  will  be  expended 
by  64xc+96x/;  and  in  6  the  resisting  force  will  be  expressed  by 
56xC+59xF.» 

Let  ^  be  the  total  resisting  force  to  the  prism  of  thrust  in  5,  and  f  ^ 
represents  the  total  resisting  force  to  the  prism  of  thrust  in  6,  and  we 
shall  have  f:  f^::  64xc+96x/:56  C  +59xF. 

Let  us  now  take  the  portions  of  No.  5  and  No.  6  below  water,  and 
determine  the  relative  force  to  prevent  the  side  timbers  from  being 
pushed  out  by  the  prism  of  thrust,  representing  the  force  in  No.  5  by  ^, 
and  in  No.  6  by  r^.  We  shall  have  r=46xc+72x/,  r^==58xC+43x  F, 
from  which  substituting  the  ratios  we  find  /:  ^^::  118 :  254,  or  as  1 : 2.15. 
Fix)m  which  we  see  the  under- water  part  of  6  is  a  little  more  than  twic^ 
as  strong  to  resist  the  prism  of  thrust.    Again,  let  us  leave  out  the  end 

pieces  of  the  cribs  under  water,  and  represent  the  force  to  resist  the 

' J 

'From  which,  by  remembering  that  c  =/,  and  the  foregoing  relation  between  /  F  and  c, 
we  obtain  ^ :  ^^ : :  160 :  27b  S8,  or  as  1 : 1.743. 
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b  in  No.  o  by  9?,  and  in  No,  6  by  f\  and  we  shall  have  f  =s72x/,  and 

^  X  F;  substituting  the  ratio  of/  to  F  we  shall  find  ^ :  ^* : :  72 :  120.4, 

1 : 1.67.    Hence  we  perceivet  hat  in  all  parts  No.  6  has  great  supe- 

r  in  strength  to  resist  the  prism  of  thrust  over  No.  5. 

iw  come  to  the  consideration  of  the  strength  of  the  crib  to  resist 

forced  inwards,  or  broken  to  pieces  by  an  exterior  force  acting 

St  it. 

I  only  force  known  which  would  be  likely  to  produce  this  effect 

5  or  6,  is  that  of  a  vessel  running  into  it.    No  cribs  yet  constructed 

Ifectually  prevent  being  damaged  by  this  cause. 

;  as  far  as  experience  teaches  us  in  the  several  examples  I  had  to 

*  of  this  kind,  the  cribs  of  solid  walls  have  been  the  most  damaged, 
\  to  their  rigidity  and  non-yielding  to  the  shock. 

veland  pier-heads,  the  Milwaukee  piers,  and  others  I  could 
ice,  built  with  the  solid  walls,  have  been  more  damaged  than 

9  bailt  as  No.  6  have  been  when  run  into  the  same  way. 

)  greatest  span  of  the  cross-ties  without  support  in  No.  6  is  only 
15  feet ;  and  in  the  longitudinal  partition  timbers,  11 J  feet.    To 

1  the  partitions  I  would  not  resort  to  the  primitive  carpentry  of 
walls,  but  if  necessary  would  use  the  modem  method,  which  is 
J  by  trussing  from  top  to  bottom  with  3x  12  stuflf  firmly  spiked  to 
desof  the  transverse  and  longitudinal  partition  timbers,  thus  intro- 
g  the  system  known  by  all  who  understand  carpentry  under  the 
nations  of  ^^main  and  counter  bracing;^  in  this  way  the  partitions 
•.  6  can  be  made  as  immense  in  strength  as  there  is  any  necessity 
is  breakwater.    The  sketch  shows  the  method. 

Umate  of  the  cost  of  fifty  feet  of  breakwater ^  mean  de^j^th^  No.  6. 

MATERIALS. 

2  feet^  board  measure,  timberand  lumber,  at  $20  per  thou- 

sand    $1,983  84 

8  pounds  1-inch  square  drift-bolt  iron,  at  3|  cents 350  61 

4  pounds  1-inch  round-iron  nut  and  screw  bolts,  at  4J 

cents # . .  8  77 

7  pounds  spikes,  at  5J  cents 19  63 

WORK. 

19  running  feet  framing,  at  12  cents 964  68 

•  feet,  board  measure,  joists,  planks,  scantling,  and  braces, 

at  17  per  thousand 42  83 

p  cords   rubble   stone,  furnishing  and  putting  into  the 

work,  at  $6  ^  per  cx)rd 2,255  36 

5,625  72 

10  per  cent,  for  contingencies 562  57 

6,188  29 


f 


\a  beinjg  the  cost  of  50  feet  at  mean  depth  of  water,  and  there  being 
feet  in  the  whole  breakwater,  we  multiply  this  by  80  and  we  shall 

for  the  total  cost  of  No.  6 $495,063  20 

najority  of  the  board  estimated  No.  5  to  cost 657,663  20 

renoe  in  favor  of  No.  6 , 162,600  00 


\ 
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Both  estimates  are  upon  the  same  prices  as  those  for  which  the  mate- 
rials and  work  are  contracted. 

It  results  that  in  cost,  besides  the  other  advantages  claimed  for  No. 
6,  this  is  less  expensive  than  Ko.  5  in  the  ratio  of  1  to  1.33,  nearly. 

On  sheet  E  are  detail  drawings  of  100  running  feet  of  the  breakwater 
in  plan  elevation,  and  sections  No.  6,  which  can  be  compared  with  those 
which  I  have  called  No.  5  and  sent  with  the  report  of  the  board. 

I  have  the  honor  to  be,  very  respectfully,  jour  obedient  servant, 

T.  J.  ORAM, 
Colonel  of  EngineerSj  Brevet  Major  Oeneral 

Brevet  Major  General  A.  A.  Humphreys, 

Brigadier  Oeneralj  Chief  of  JBngineers  U.  8.  A. 


D  15. 

Headquarters  Corps  of  Engineers, 

Washington^  D.  C,  May  7, 1868. 

General  :  Tour  communication  of  the  25th  ultimo,  explaining  your 
dissent  from  the  opinion  of  the  board  of  engineers,  of  which  you  were  a 
member,  upon  the  question  of  cross-section,  &c.,  for  the  breakwater  at 
the  harbor  of  Buffalo,  has  been  received,  as  also  two  models  of  methods 
of  framing  crib-timbers. 

The  board  of  engineers  constituted  by  special  orders  No.  4  was  recon- 
vened by  special  orders  No.  31,  to  take  into  consideration  your  letter 
and  memoir  of  March  5,  1868,  in  which  you  suggested  a  crosA-section  of 
a  breakwater  as  a  substitute  for  that  unanimously  recommended  by  the 
board. 

At  this  second  session  the  board  maturely  reconsidered  the  whole 
subject,  and  submitted  certain  plans  and  specifications  differing  from 
your  own  for  the  breakwater  in  question.  These  were  approved  and 
you  were  instructed  to  conform  to  them. 

Upon  due  ^jonsideration  of  this  second  memoir,  it  is  not  deemed  advisa- 
ble to  make  the  change  ^-ou  now  propose  in  the  plan  thus  finally 
adopted.  You  will,  therefore,  be  governed  by  the  instructions  already 
given. 

Very  respectfully,  your  obedient  servant, 

A.  A.  HUMPHEEYS, 
Brigadier  Oeneral  of  EngvneerSy  Commanding, 

Brevet  M^or  General  T.  J.  Cram, 

Colonel  of  Engineers^  Detroit,  Michigan. 


APPENDIX  E. 

United  States  Engineer  Office, 

Oswego,  yew  York,  Augtisf  8,  1868. 

Sir:  I  have  the  honor  to  transmit  herewith  my  report  of  progress 
upon  the  works  of  harbor  improvement  and  surveys  in  my  charge,  dur- 
ing the  year  ending  June  30, 18G8. 

As  stated  in  my  report  of  last  year,  the  obstacles  placed  in  the  way 
of  constructing  officers  by  the  provisions  of  the  acts  of  June  23, 1866, 


Chief  of  Engineers  U.  8.  vl., 

Headquarters  Corps  of  Engineers, 
Wmhington,  D.  C. 


IMPROVEMENT  OP  BURLINGTON  lUBBOB,  TEEMONT. 

zhstTge  of  tliis  work  was  transferred  to  Brevet  Lienteuaot  Colonel 
tarlow,  captain  corps  of  engineers,  in  December,  1867.  Up  to  that 
ntracts  Iiad  been  made  by  me  for  the  liibor  and  niaterialH,  except- 
the  timber,  which  hiat  wa^  delayed  from  causes  arising  entirely 
law  making  the  appropriations. 

IMPEOTINO  HAEBOR  OF  PLATTSBUBG,  NEW  YORK. 

rebuilding  of  the  breakwater,  on  which  was  the  work  contemjilated 
ing  the  appropriation,  being  fortnuately  in  the  Jiaiids  of  but  one 
itoT,  (a  reliable  man,)  itrogre^sed  steadily  satisfactorily  during  the 
,  and  it  was  entirely  finished  and  paid  for  in  Jaiinnry,  ISfiS. 
ebruary  the  cliarge  of  the  harbor  was  transferred  to  ISrevet  Lieu- 
Colonel  J.  W.  Biulow,  capt'iiii  coips  of  engineers. 

DIPBOVntG  HABBOB  OP  OGDENSBUBG,  NEW  YOBK. 

mtract  for  dredging  at  this  place  was  made  with  Mr.  A.  A.  Dodge, 
on,  yew  York,  on  the  9tli  of  August,  1867,  under  which  lie  removed, 
he  30th  of  November,  about  12,000  cubic  yards  of  material  in  the 
V  of  the  custom-house  wharf.  Instead,  however,  of  resuming  work 
Rpring  of  1868,  he  abandoned  it  on  the  ground  that  the  material 
ich  harder  and  more  difficult  to  excavate  than  he  had  been  led  to 

ther  he  could  have  saved  himself  from  loss,  with  even  the  softest 
U.  at  his  extremelv  low  contract  orice.  (17  cents  iwr  cubic  vard.) 


246  REPORT  OF  THE  SECRETARY  OF  WAR, 

A  partial  report  having  been  made  by  this  board,  orders  were  issued 
from  headquarters  to  invite  new  proposals  for  dredging  in  the  Oswegat- 
chie  river  proper,  and  ui)on  the  outer  bar  noith  of  the  light-house. 

Contracts  have  not  vet  been  made  under  this  advertisement. 

The  plan  of  permanent  improvement  suggested  by  this  board  contem- 
plated the  deepening  of  the  outer  bar,  and  of  the  Oswegatchie  river  at 
its  mouth,  and  the  excavation  of  a  channel  along  the  St.  Lawrence  front 
of  the  town;  two  piers  were  also  proposed  to  be  constructed  along  the 
west  and  southern  edges  of  the  great  bank  or  shoal  which  fronts  the  town, 
their  object  being  to  prevent  the  dispersion  of  the  current  of  the  Oswe- 
gatchie over  this  shoal  and  to  confine  it  to  the  regular  channels. 

These  piers,  however,  were  not  proposed  to  be  constructed  until  proved 
necessary  by  the  shoaling  of  the  channels  formed  by  dredging. 

The  estimated  cost  of  all  these  improvements  is  $150,000,  deducting 
from  which  the  $37^000  still  unexpended,  leaves  the  siun  of  $113,000 
required  for  the  entire  and  permanent  completion  of  the  work,  should 
this  plan  be  carried  out  in  full,  in  which  case  the  sum  of  $50,000  could 
be  profitably  expended  during  the  fiscal  year  ending  June  30,  1870. 

Ogdensburg  is  a  port  of  entry  with  a  light-house,  half  way  between 
Forts  Ontario  and  Montgomery,  120  miles  from  each.  It  has  not  been 
practicable  to  procure,  in  time  for  this  rejiort,  the  commercial  statistics 
of  the  place. 

Ogdensburg  is  the  terminus  of  the  Great  Northern  Transportation  Line 
of  propellers,  starting  from  the  upper  lakes,  and  of  two  important  rail- 
roads. 

Cash  received  during  the  year  ending  June  30, 1868 $3, 500  00 

Cash  exi>ended  during  the  year  ending  June  30, 1868. .  • 2, 881  42 

Cash  on  hand  during  the  year  ending  June  30, 1868 618  58 

Appropriation  available $37, 118  58 


IMPROVEMENT  OF  OSWEOO  HARBOR,  NEW  YORK. 

The  operations  for  this  object  have  been  the  repair  of  the  United 
States  pier  and  dredging. 

Tlie  pier  has  been  kept  in  order  under  contracts  reijorted  last  year ;  the 
repau\s  required  have  not  been  extensive,  being  confined  mainly  to 
replacing  the  planking  of  the  outer  place  where  it  has  been  iiyured 
by  ice  and  gravel. 

One  crib  of  the  Franklin  pier,  so  called,  must  be  rebuilt  this  year ;  this, 
and  other  repairs  which  may  be  needed  from  time  to  time  this  season, 
will  be  done  under  a  contract  made  in  May. 

The  dredging  has  been  continued  and  has  resulted  in  a  great  improve- 
ment, especially  along  the  line  of  the  pier,  and  it  is  believe<l  that  by  the 
close  of  November,  1868,  by  far  the  greater  part  of  the  harbor  will  have 
a  depth  of  12  feet. 

The  construction,  by  private  parties,  of  certain  wharves,  not  objected 
to  bj'  the  United  States,  will  reduce  the  area  requiring  dredging.  For 
this  reason  no  further  appropriation  is  asked  for  next  year,  except  for  the 
new  pier  extending  northwaixl  from  the  lighthouse  into  the  lake,  for 
which  $50,000  is  needed,  as  stated  in  my  last  report. 

The  old  west  pier,  though  now  requiring  small  repairs,  except  the 
crib  above  referred  to,  is,  in  reality,  in  a  precarious  condition,  and  a 
severe  gale,  or  tjie  action  of  ice,  may  render  necessary  the  exi)enditure 
of  a  large  part  of  the  balance  now  on  hand. 
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As  stated  in  my  last  report,  a  new  pier  exterior  to  the  present  may 
eventually,  with  the  increiise  of  business,  become  necessary.  No  esti- 
mates and  plans  have  yet  been  made  for  such  a  structure,  as  they  can 
be  deferred  until  the  absolute  necessity  sliall  show  itself. 

The  place  is  the  center  of  a  very  large  and  increasing  commerce,  by 
lake,  railroad,  and  canal,  principally  in  grain,  breadstuifs,  and  lumber; 
and  if  any  harbor  on  Lake  Ontario  is  entitled  to  be  cared  for  by  the 
TJnited  States,  it  seems  to  me  that  Oswego  has  a  greater  claim  than 
tiiose  where  an  expenditure  is  desired  merely  for  the  puri)ose  of  creating 
1  business  not  yet  in  existence,  and  for  the  furtherance  of  stilctly  local 
interests. 
The  value  of  imports  for  the  year  ending  June  30, 1868,  was : 

Coastwise, $17, 662, 866 

Foreign 7, 6;32, 596 


I 


25, 295, 462 

^  Duties. $1, 224, 088  32 

L  Eiports,  coastwise $4, 951, 310 

r  fixports,  foreign 1, 080, 054 

\  6, 031, 364 

Arrivals:  Number,  4,630;  tons,  887,879. 

Clearances:  Number,  4,587;  tons,  864,888. 
J  Oswego  is  a  port  of  entry,  with  a  stone  light-house  at  the  harbor 
^trance,  and  a  tort  (Ontario)  within  the  city  limits. 
^  The  abstracts  of  contnicts,  &c.,  required  by  law,  accompany  this 
teport. 

^  fieceived  during  year  ending  June  30, 1868,  $19,500;  expended  during 
jear  ending  June  30,  1868,  $19,550  48;  amount  of  appropriation  availa- 
^t  Jane  30, 1868,  $49,823  92 ;  amount  required  for  year  ending  June 
30, 1870,  $50,000. 

nCPROVEMENT  OF  LITTLE  SODUS   HARBOR,  NEW  YORK. 

Sioce  my  last  report  the  pier  has  been  extended  800  feet  into  the 
^;  of  this,  500  feet  is  entirely  completed,  and  the  rest  is  carried  up  to 
fihe  vater  level  and  filled  with  stone.  This  unfinished  i)ortiou  will,  it  is 
koped,  be  quite  finished  by  the  close  of  the  season. 

Hie  opening  between  the  pier  and  the  west  side  of  the  harbor  has 
fWen  filled  by  sinking  a  cheap  crib- work  loaded  with  stone  and  aibout 
60  feet  long  along  the  line  of  the  shoalest  water.  It  is  believed  that 
ittiswill  cause  an  accumiUation  of  drift  material  and  the  formation  of  a 
Wacli  on  its  north  or  lake  side. 

The  closing  of  the  opening  on  the  east  side,  between  the  proposed 
Aort  east  pier  and  the  shore,  which,  it  is  thought,  should  also  be  done, 
itiU  much  improve  the  harbor  by  reducing  its  exposure  to  northerly  and 
Hiterly  winds. 

The  deei>ening  of  the  channel  by  dredging  has  i)rogressed  satisfactorily 
•ince  my  last  report.  A  channel  80  feet  wide,  with  12  feet  of  water, 
i«  now  available  next  the  pier.  My  experience  so  far  seems  to  show 
ttat  this  channel  will  be  comparatively  permanent,  aiul  will  not  require, 
then  once  completed,  further  dredging  for  several  years. 

The  harbor  is  in  the  collection  district  of  Oswego,  which  is  the  nearest 
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port  of  entry,  (15  miles,)  and  where  the  nearest  light-house  and  fort 
(Ontario)  are  situated. 

Its  business  and  commerce  are  now  quite  insignificant,  though  great 
results  are  anticipated  by  the  inhabitants  from  the  opening  of  the 
harbor  and  the  construction  of  a  railroad  running  south  and  tapping  the 
coal  region. 

Little  Sodus,  or  more  properly  Fair  Haven,  harbor,  is  an  excelleut 
one,  of  sutlicient  capacity  and  depth  for  vessels  of  the  greatest  draught, 
and  there  is  no  better  harbor  of  refuge  on  Lake  Ontario. 

The  plan  of  improvement  adopted,  and  which  has  been  partially  car 
ried  out,  is  to  ext-end  the  old  (west)  pier  to  15  feet  water,  to  build  a 
short  east  pier,  dredge  the  channel  to  12  feet  w^ater,  and  to  close  the 
openings  between  the  shore  and  the  x>iers. 

To  execute  all  this  work  will  probably  require  the  additional  sum  of 
$25,000,  which  can  be  profitably  expended  during  the  next  fiscal  yeai. 

The  abstracts  of  proposals  and  contracts  required  by  law  are  trans- 
mitted herewith. 

Cash  received  during  year  ending  June  30, 1808,858,000;  expended 
during  jear  ending  June  30,  1808,  $55,073  37;  amount  of  appropriatioji 
available,  $27,800  51;  required  for  year  ending  June  30, 1870,  $25,000. 

IMPROVEMENT  OF  BIG  SODUS  HARBOR,  NEW  YORK. 

The  work  of  rebuilding  the  west  pier  and  dredging  the  channel,  under 
contracts  made  and  reported  in  1800,  and  additional  subsequent  con- 
tracts, has  progressed  upon  the  whole  satisfactorily ;  840  feet  of  this 
pier  have  been  entirely  completed,  and  240  feet  more  have  been  rebuilt 
to  the  watei*'s  edge  and  filled  up  with  stone. 

Some  delay  has  been  caused  by  the  non-arrival  of  the  pine  timber 
from  Canada ;  but  it  is  hoped  that  at  least  the  unfinished  part  of  tbe 
west  pier  can  be  complet^id  this  year. 

The  wreck  of  a  schooner  in  mid-channel,  entirely  closing  the  entrance, 
has  been  removed,  (by  contract,  of  course.)  A  great  quantity  of  mate- 
rial has  been  dredged  up  from  the  channel,  which  has  been  very  much 
improved  thereby.  But  in  order  that  this  improvement  should  be  i)er- 
manent,  it  will  be  necessary  to  dredge  out  to  the  full  depth  the  whole 
width  (470feet)  of  the  channel  between  the  two  piers;  otherwise,  as  shown 
by  the  experience  of  the  last  two  years,  the  whole  will  assume  one 
general  level,  the  un<lredged  sand  gradually  washing  into  the  excavated 
channel.  The  channel  is  now  100  feet  wide,  and  will  admit  vessel  draw- 
ing 10  feet. 

The  funds  still  available  are,  it  is  believed,  sufficient  to  do  all  the 
necessary  work. 

This  work  is  in  the  same  collection  district  as  Oswego,  w^hich  is  the 
nearest  port  of  entry,  35  miles  distaut. 

Fort  Ontario,  the  nearest  fort,  is  at  Oswego. 

There  is  a  light-house  at  Big  Sodus.  The  amount  of  revenue  collected 
at  Oswegoj  during  the  year  ending  June  30,  1808,  was,  $1,224,088  32. 

I  have  not  been  able  to  obtain  in  time  for  this  report  any  statistics  of 
Big  Sodus  itself.  It  is,  however,  quite  insignificant,  and  is  likely  to 
remain  so  for  many  years. 

As  a  harbor  of  refuge,  it  will  be  of  value. 

The  amount  received  during  j^ear  ending  June  30,  1868,  w^as  $07,000 ; 
the  amount  paid  out  during  year  ending  June  30, 1808,  was  $71,070  41; 
amount  of  appropriation  available,  $58,045  40. 


as  not  been  practicable  to  obtain  tlie  statistics  of  tlie  biiRiness  of 
!ter  during  thft  last  year,  nor  can  I  aay  precisely  what  timount  of 
Tce   or  navigation  will  \k  benefited  by  the  oompletion  of  tliU 

fact  that  Charlotte^  at  the  mouth  of  the  Genesee  river,  is  the 
f  the  flourishing  city  of  Boohester,  iutlicates  the  necessity  of 
g  the  piers  in  order,  independent  of  the  fact  that  they  make,  with 
er,  an  excellent  harbor  of  refuge. 

I  received  during  the  year  ending  June  30,  1808,  $58,500;  cash 
led  during  the  year  ending  Jnne  30,  18G8,  $.'j5,(!ll  86;  amount  of 
iriation  available,  $9,41ii  04;  amouut  required  for  year  ending 
»,  1868,  $10,006. 

IMPROVEMENT  OF  OAK  ORCHABD  HABBOB,  NEW  YORK. 

0  the  36th  of  Jnne,  no  work  has  l)een  done  at  this  point.  A  por- 
the  timber  and  all  the  iron  recpiired  has  been  delivered,  but  the 

ctor  for  doing  the  work  has  not  yet  commenced,  and  it  is  feared 
le  will  not.  If  he  abandons  the  work,  or  if  his  contract  is 
ed,  the  awarding  the  contract  to  another  will  involve  a  delay  in 
!U]>letion  of  the  work,  which,  howe^'er,  will  not  be  injurious  to  any 
aut  public  interest^  for  the  business  and  commerce  of  the  harbor 
ite  insignificant,  and  will  probably  remain  so  for  a  long  time.  As 
or  of  refuge,  however,  it  is  of  some  value. 

original  crttimate  and  appropriation  for  completion,  $87,000,  is 
Ml  to  t>e  sutticieut,  and  nothing  more  is  asked  for. 
Orchard  is  a  |)ort  of  entry  in  the  collection  district  of  Genesee, 
«  west  of  the  nearest  light-house,  (at  Charlotte,)  and  45  miles  east 
nearest  fort,  (Xiagara.) 

amouut  of  revenue  collected,  and  commerce  and  navigation  to 
efitcd,  could  not  be  ascertained  in  time  for  this  report. 

1  received  during  year  ending  June  30,  1868,  $25,500;  cash  ex- 
1  daring  year  ending  June  30,  1868,  $12,206  89;  amount  of  appro- 
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The  contractor  is  the  same  as  for  Oak  Orchard  and  Ogdensburg,  at 
both  of  which  places  difficulties  have  arisen  traceable  directly  to  the 
system  of  awarding  contracts  to  the  "  lowest  responsible  bidders  fur- 
nishing good  securities,"  without  any  further  qualification. 

The  original  estimate  for  completion  was  $118,000.  It  is  believed  to 
be  adequate }  $00,000  has  been  appropriated,  and  an  additional  grant  of 
$58,000  for  the  next  fls(*>al  year  is  desired. 

Olcott  is  a  port  of  entry  in  the  collection  district  of  Niagara,  18  miles 
distant  from  Niagara  fort  and  light-house. 

The  business  and  commerce  of  the  place  are  at  present  small,  but  are 
expected  to  increase.  Should  the  proposed  Niagara  ship  canal  ever  be 
constructed  to  enter  the  lake  at  this  point,  Olcott  would,  of  course, 
become  of  great  importance. 

Cash  received  during  the  year  ending  June  30,  1868,  $21,000;  cash 
expended  during  the  year  ending  June  30,  1868,  $9,328  33 ;  amount  of 
appropriation  available,  $50,667  77  5  required  for  year  ending  June  30, 
1870,  $58,000. 

C.  E.  BLUNT, 
Lieutetiant  Colonel  Engineers,  Brevet  CoUmel 

U.  S.  Engineer  Office, 

Oswego,  New  York,  August  8, 1868. 


Abstract  of  proposals  and  contracts  for  the  labor  required  for  the  repair  of 
the  United  States  pier  at  Oswego,  New  York,  for  1868. 


Bidder. 


Hart  &,  Jennings 

James  Caldwell 

A.  P.  Grant,  outside  work 
A.  P.  Grant,  main  work. . 

Daniel  C.  Gunn 

George  M.  Case 


Price  of  labor. 


si 

&4 


|20  00 

9  00 

25  00 

12  00 

8  00 

11  00 


o 


o 
o 


02 
04 


•2 

efi 

0    « 


ft* 

ft* 

|0  05 
02 
02 

12  00 

75 

1  00 

75 
1  10 


Contracts. 


Contractor. 


Abstract  of  proposals  and  contract  for  removing  wreck  from  channel  of  Big 

Sodus  harbor.  New  York,  1867. 


Bidders. 


Zebulon  Moore 

William  Rankin... 

R.  R.  Dodge 

8.  B.  Robinson 

A.  P.  Grant 

Charles  E.  Habbell 

Darius  Davis 

John  Stevenson  ... 
John  Faruan 


$1,400  00 
2,225  00 
2,929  00 
1,874  50 
3,000  00 
1,800  00 
1,650  00 
1,425  00 
1,850  00 


Contract. 


Contractor. 
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traei  ofprvpoaaU  and  e^ntracU  for  improving  harbor  of  Little  Sodus,  Neto  York — doting 

opening  west  side. 


Hemlock  Itimber, 
per  M  feet,  b.  m. 

Iron. 

• 

1 

u 

& 

1 

00 

Labor. 

Bidders 

Serew.bolts, 
per  lb. 

Wrought 
spikes,  per  lb. 

Per  M,  feet,  b. 
m.,  lamber. 

Cenu. 
5 

Contracts. 

mlon  Moore  ............... 

$16  00 

CenU. 
11 

9 

8 
10 

7i 
8 

CenU. 
•9 
71 

7* 
8 
7 
6i 

8 

18  75 

$15  00 

lid  ThonuM 

DDer  A.  Arnold......*..... 

ridFinley 

S.Plaoe 

f .  Gere 

15  00 
13  90 

17  50 

18  90 

8  00 
0  94 

'i'si" 

500 
4  73 
7  50 
4  45 

9 

Contractor  for  bolts  and  Hpike<«. 
Contractor  for  stone  and  labor. 

R.  Dodge ,.. 

i"fU St  Preochr . » r r 

t&Jennlngt 

ttft  Co 

Contractors  for  lumber. 

«* 

6i 

tell&McNett 

10  00 

252 


REPORT  OF  THE  SECRETARY  OF  WAR. 


£ 


it 

B  a 
o  o 


I 


a 

a 


2 

»• 

k 
O 


a 
o 


15 

eg 


8 

s 


§• 

A. 


-ft 


I 

5 


JO  panod  J0J 


«* 

5 


uaqoipjo'in 
•q'lMiHJdd 


g 


s 


s 

^ 


ne«Oi-i 


dOI 


01       Otp-) 


rs 


'pjraX  a|q 


s 


s 


a 
2 


o* 


'panod 
j»a  *tai|idi 


• 

3 


r«r>ao     ooto 


cb<St» 


*paDod  J9d 
wioq-vna 


^jfSo)     aocotojxi^ 


a 


*panod  j(»d 
'tr^ioq-Majag 


»«9> 


;^ 


00 


00 


thr- 


ift t» 


Z^ 


e« 


00 


f*         «? 


.^         IS 


(O 


s 


o 
.a 

S 


'•ifod 
Suiqqnag 


•m  'q  ')9aj 
H  jad  'ou{<i 


'tn  'q  'laaj  pf 
jad  '3|joiaidH 


a 

»* 


£ 


S8 

28 


Rao 


o 
o 


o* 


00 


S8 

ODI>» 


o 
o 


8 

n 


Oi 


8 

«0 


8 

.d 


8888 
8^»i^ 


88 
i 


88 


8888 
%8!9» 


8       S88 


00 


met  a» 

h  oja 


•o 
•o 


S  o  — 
QOQN 


a 

ja 


■c 

•a 

a 
o 

Q 
<u 

h-o  £  =  0-37? 

.  '  •  ^  .     ■ 


•  ja 
•Si 

«    58 


REPORT   OP   THE    SECRETARY   OF   WAR. 


253 


i 


I 


i 


3 


e 
e 


.A 

s 

I 

a 
o 


I 


§ 


£ 


o 


I 
5 


MllSOd 

Jii|qqBin/o 
tooiiTOonJad 


a 


'P'SffQ  noji 
JO  panod  J9  J 


a 


"PMh  J9q 
■oini  JO   "tn 


S 


8 


00 


s 


o 
o 


8 

ft 


CO 


C3 


S    8 


ct     ot 


8 


M) 


oo 


3 


•najad  'aao)g 


8 


CI 


Stf58S    S    ^ 

i-<  i-<  ©I  «-<        f-H        rM 


> 


s 

I 


a 
o 


■ 

J 


Ml 


3 


"panod 
jad  *t9ii{d9 


t*CD      aD< 


r«(0 


"ponod  jad 


Kirfr? 


'pnnod  i9d 


a 


Obt^O       ODCO 


iMod 
Soiqqaog 


•m  *q  *|99j 


TO  -q  "^a^j  K 

I  jad  'ifaoicDOH 


.8 

a 


88 


00 


88 

ce  S 


88    8    8 


»8    8    8 

k  >  ^  o  ^  o 


8 

9 

a 

M 

b 
O 

a 


8    8 


8    8 
8    ^ 

S  u  o 

CO  ♦*• 


t«0» 


00 


00 


00 


88    8 

a 


8 


» 


s.  s. 


888?388883    888 
KS85i?JS2S;2    ^^^ 

u  a 


8    82^8 

o«r<ou)r«ao         oo     nc«oo 


883388 


^  ^  "Q  ^ 

40  a<  o  fi> 

V  «  a>  d 


If 

1 


01 


2 

H  k  a 

S  a  — 


b  S  3   • 
>  5  «  I S5 


& 


o 

a 


6 


I 

g 


a 

n 

:§ 

TZ 

e 

Em 


^     I 


264         REPORT  OP  THE  SECRETARY  OP  WAR. 

El. 

Oswego,  January  6, 1868. 

Sir  :  I  have  been  called  upon  within  a  few  days,  by  Judge  ChurdiiU, 
member  of  C'ongress  for  this  district,  and  Mr.  Oarrington,  president  of 
tl)e  Board  of  Tirade  of  this  city,  in  relation  to  the  extension  northwardly 
into  the  lake  of  the  United  8tates  pier  at  this  place.  Mr.  Oarrington 
represents  the  commercial  interests  of  Oswego,  which  is  very  anxious 
that  this  extension  should  be  commenced  as  soon  as  possible. 

In  my  last  annual  report,  and  in  my  letter  of  Ajwil  27,  1867,  I  have 
refeiTed  to  this  subject  and  expressed  an  opinion  favorable  to  the  pro- 

})osed  structure.  Since  then,  with  additional  experience  here,  I  have 
)ecome  still  more  convinced  of  the  necessity  of  the  desired  extension, 
not  only  for  the  reasons  assigned  in  my  communications  above  referred 
to,  but  for  two  additional  ones.  First,  the  proposed  pier  will  serve  to 
arrest  the  eastward  progress  of  the  gravel  drift,  which  now,  in  crossing 
the  entrance,  has  a  tendency  to  form  a  bar  there ;  and  second,  it  will 
decidecHy  lessen  the  risk  now  nin  by  vessels  entering  the  harbor  during  a 
gale  of  being  driven  against  the  east  pier,  inasmuch  as  it  will,  by  making 
a  lea,  cause  smooth  water  between  the  two  piers.  Two  vessels  with 
valuable  cargoes  have  been  sunk  this  fall  at  the  very  entrance,  which,  it 
is  most  probable,  would  have  got  in  safely  had  this  proposed  pier  been 
built. 

In  my  last  annual  report  I  suggested  as  a  reason  for  deferring  this  con- 
struction its  possible  interference  with  any  new  permanent  out^r  pier, 
should  such  be  built ;  but  independent  of  the  very  great  uncertauity 
of  the  building  of  such  a  permanent  outer  pier,  which  would  involve  a 
very  large  expenditure.  I  am  now  of  opinion  that,  if  built,  it  would  be 
so  placed  that  the  one  now  discussed  would  in  no  way  injure  the  new 
liarl)oi'. 

I  therefore,  at  the  suggestion  and  request  of  the  gentlemen  I  have 
mentioned,  respectfully  suggest  the  advisability  of  calling  for  an  addi- 
tional appropriation  .of  $50,(K)0  for  the  improvement  of  Oswego  harbor, 
to  be  applied  in  the  construction  of  this  pier.  A  length  not  under  400 
feet  will  be  required,  which,  supposing  it  to  be  in  20  feet  average  depth  ol 
water,  will  cost  that  amount.  I  do  not  consider  it  quite  safe  (supposing 
such  a  use  admissible)  to  use  the  appropriation  now  available,  or  the 
$25,000  I  asked  for  in  my  annual  report  for  this  particular  purpose,  for 
the  present  pier  is  in  such  a  condition,  notwithstanding  constant  patching, 
that  there  is  no  knowing  what  serious  damage  may  be  caused  by  the 
winter  and  spring  gales,  occasioning  large  exjienditures  for  its  repair. 

Very  respectfully,  sir,  your  obedient  servant, 

C.  E.  BLUNT, 
Lieut  Colonel  of  Engitieers^  Brevet  Colonel  U.  8.  A. 

General  A.  A.  Humphreys, 

Chief  of  Engineers  U*  8.  -4..,  WashingtoUj  D.  C. 


E2. 


Headquarters  Corps  of  Engineers, 

Washington^  2>.  C,  May  11^  1868. 

Colonel:  Your  letter  of  the  8th  inst.,  respecting  improvement  of 
harbor  of  Ogdensburg,  is  received. 

The  letter  to  you  from  this  office  of  the  20th  April  directed  the  dredg- 
ing to  be  done  in  the  two  channels  proposed  by  General  Eeese  and  recom- 
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Jed  by  the  board  of  engineers  of  whicli  you  were  a  member,  which 
mnendation  was  approved  by  me,  and  "you  were  directed  at  the 
to  cany  out  the  plan.  The  recommendations  of  your  letter  of  the 
nst.  are  chiefly  for  work  at  other  localities.  With  the  statements  of 
letter  before  me,  I  cannot  authorize  any  project  to  be  carried  out 

tbe  subject  has  been  more  thoroughly  investigated. 
a  will  at  once  make  a  survey  comprehending  the  whole  of  the 
i 400  yards  north  of  the  light-house,  and^the  channels  adjacent  to 
5t  and  west,  north  and  south.  The  survey  of  General  Reese  con- 
ets  the  existence  of  such  a  shoal  completely  barring  the  entrance 
e  Oswegatchie. 

board  will  be  ordered  to  convene  at  Ogdensburg  on  the  15th  inst. 
vise  a  plan  for  the  improvement  of  the  harbor. 

Very  respectfully,  your  obedient  servant, 

A.  A.  HUMPHEEYS, 
Brigadier  General  of  Engineers^  Commanding. 

evet  Colonel  C.  E.  Blunt, 

LietUenant  Gohnel  of  Engineersj  Oswego^  JST.  Y. 


E3. 

9eding9  of  a  board  of  engineers  convened  at  Ogdensburg^  New  YorTcj 
by  virtue  of  the  following  special  order : 

[Special  Order  No.  66.] 

Headquarters  Corps  of  Engineers, 

Wa4ihingtonj  D.  C,  May  11, 1868. 

board  of  engineers,  to  consist  of  Brevet  M jyor  General  John  Kew- 
heutenant  colonel  corps  of  engineers.  Brevet  Colonel  C.  E.  Blunt, 
enant  colonel,  corps  of  engineers.  Brevet  Colonel  D.  C.  Houston, 
Tcori>8  of  engineers,  with  Captain  Asa  H.  Holgate,  corps  of  engin- 
as  recorder,  will  meet  at  Ogdensburg,  New  York,  on  the  15th  inst., 
I  soon  thereafter  as  practicable,  to  devise  a  plan  for  the  improve- 
t  of  that  place. 

le  board  will  be  furnished  by  Colonel  Blunt  with  all  the  reports, 
ij  correspondence  and  information  relating  to  the  harbor,  in  his 
esBion,  and  it  will  make  such  surveys  and  examinations  as  may  be 
wary  to  a  complete  investigation  of  the  subject,  and  will  reiwrt  in 
1  upon  the  improvement  of  the  harbor. 
command  of  Brigadier  General  Humphreys : 

THOMAS  LINCOLN  CASEY, 
Major  Engineers^  Brevet  Colonel  U.  8.  A. 


Ogdensburg,  N.  T.,  May  15, 1868. 

e  board  met  at  2  p.  m.,  pursuant  to  the  foregoing  order.    All  the 

t>er»  present ;  Captain  A.  H.  Holgate,  the  recorder,  absent. 

e  board  examined  the  maps  of  the  harbor  of  Ogdensbm*g,  and 

sued  the  general  question  of  the  improvement  of  the  harbor.    The 

1  then  visited  the  different  points  on  the  shore  commanding  a  view 

e  harbor  and  examined  the  line  of  wharves.    ' 

e  board  adjourned  at  8  p.  m.  to  meet  at  9.30  a«  m.  on  the  16th. 
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May  16, 1868—9.30  a.  m. 

The  board  met  pursuant  to  adjournment,  all  the  members  l)eing  present 
Tlie  board  was  called  to  order  by  the  president.  Captain  Holgate 
stated  a«  a  reason  for  his  nonappearance  at  the  preceding  meeting, 
that  he  was  detailed  as  officer  of  the  day  before  receiving  the  above 
order,  and  was  only  relieved  on  the  morning  of  the  14th  inst. ;  that  he 
stiirted  on  the  same  day,  and  reached  Ogdensburg  without  delay. 

The  recorder  read  a  series  of  papers  which  were  presented  by  Colonel 
Blunt,  a«  relating  to  the  matter  under  consideration,  dated  and  signed 
as  follows : 

1.  Dated  Fort  Montgomery,  Rouse's  Point,  N,  Y.,  November  7,  1866; 
signed  by  Brevet  Brigadier  General  C.  B.  Reese,  corps  engineers. 

2.  Dated  Ogdensburg,  N.  Y.,  April  15,  1867  j  signed  by  Brevet  Colonel 
C.  E.  Blunt,  cori)s  engineers  U.  8.  A. 

3.  Report  of  board  of  engineers,  of  which  Brevet  Brigadier  General 
Hartman  Bache  wa«  president,  June  18,  1867. 

4.  United  States  engineer  office,  Oswego,  N.  Y.,  April  15, 1868 ;  signed 
by  C.  E.  Blunt,  lieutenant  colonel  engineers,  brevet  colonel. 

5.  United  States  engineer  office,  Oswego,  N.  Y.,  April  15,  1868 ;  signed 
signed  by  C.  E.  Blunt,  lieutenant  colonel  engineers,  brevet  colonel. 

6.  Headquarters  corps  of  engineers,  Washington,  April  20,  1868; 
signed  by  A.  A.  Humphreys,  brigadier  general  commanding. 

7.  United  States  engineer  office,  Oswego,  N.  Y,,  May  8,  1868 ;  signed 
by  C.  E.  Blunt,  lieutenant  colonel  engineers,  brevet  colonel. 

8.  Northern  Transportation  Company,  Ogdensburg,  N.  Y.,  March 
28,  1868 ;  signed  George  A.  Eddy,  agent. 

9.  Dated  Ogdensburg,  March  31,  1868 ;  signed  A.  B.  James. 

10.  Ogdensburg  and  Lake  Champlain  railroad,  superintendent's  office, 
Ogdensburg,  N.  Y.,  March  31,  1868;  signed  W.  C.  Brown,  general 
superintendent. 

11.  Ogdensburg,  N.  Y.,  April  3,  1868 ;  signed  George  Parker. 

12.  Ogdensburg,  N.  Y.,  AprU  10,  1868;  signed  C.  &  D.  Whitney,  jr., 
&Co. 

13.  Dated  land  office  of  Greorge  Parrish,  Ogdensburg,  N.  Y".,  April 
11,  1868 ;  signed  John  F.  Rosse^l. 

14.  Headquarters  corps  engineers,  Washington,  D.  C,  May  11,  1868; 
signed  A.  A.  Humphreys,  brigadier  general  of  engineers,  commanding. 

The  following  resolution  was  unanimously  adopted : 
Resolved^  That  Colonel  Blunt  be  requested  to  make  a  new  survey  of 
the  in-shore  channel  leading  from  the  old  harbor  towards  the  depot  of 
the  Lake  Champlain  and  Ogdensburg  railroad,  and  to  determine  the 
force  and  directions  of  the  currents  in  the  Oswegatchie  channel  from 
the  outlet  of  the  old  harbor  to  a  point  outside  the  bar;  the  same  in  the 
channel  leading  along  shore  from  the  old  harbor  towards  the  depot  of 
the  Lake  Champlain  and  Ogdensburg  railroad.  The  same  at  vaiious 
l)oints  on  the  large  shoal  from  the  bar  to  the  depot  of  the  Lake  Cham- 
plain and  Ogdensburg  railroad;  the  same  of  the  St.  Lawrence  river  in 
the  immediate  neighlK)rhood  of  the  bar,  and  of  the  main  current  of  the 
river;  the  low  water  as  nearly  as  possible,  and  the  range  of  high  water; 
the  character  of  the  bottom  bearing  u(K)n  the  question  of  the  deposit 
of  silt. 
The  board  adjourned  at  5  p.  m.  to  meet  on  Monday,  the  18th,  at  9  a.  m 
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Ogdensburg,  N.  Y.,  Monday,  May  18,  1868. 

le  board  met  pursuant  to  adjournment,  all  the  members  being  pres- 
afld  the  following  was  unanimously  adopted : 
e  board  of  engineers  convened  by  Special  Order  No.  56,  headquar- 
»rps  of  engineers,  dated  May  11,  1868,  have  the  honor  to  submit 
JJowing  preliminary  report : 

!  board,  after  an  examination  of  the  harbor  and  maps,  and  after 
)iLsideration  of  all  the  correspondence  relating  to  the  improve- 
}f  the  harbor  of  Ogdensburg  as  submitted  by  Colonel  Blunt,  the 
ngineer,  are  of  the  opinion  that  the  operations  immediately  neces- 
»r  the  improvement  of  this  harbor,  and  which  should  be  com- 
1  at  the  earliest  practicable  moment,  are  as  follows,  and  that 
lortld  be  executed  in  the  order  stated : 

?epening  the  water  by  dredging  at  the  wharves  of  the  Northern 
d,  and  Northern  Transportation  Company,  so  as  to  allow  vessels 
jh  the  wharves  in  12  feet  at  the  lowest  stage  of  water.  This 
r  is  designated  as  section  C  on  the  sketch  sent  to  the  engineer 
nent  with  Colonel  Blunt's  letter  dated  May  8,  1868.  Also 
ig  the  bar  about  400  yards  north  of  the  light-house,  so  as  to 
a  channel  300  feet  in  width  and  12  feet  deep  at  the  lowest  stage 
er. 

hredging  the  channel  of  the  Oswegatchie  river  below  the  bridge, 
n  the  wharf  lines,  to  a  depth  of  12  feet  at  the  lowest  stage  of 
This  locality  is  designated  as  section  A  on  the  sketch  sent  to 
gineer  department  with  the  letter  of  Colonel  C.  E.  Blunt,  dated 
1868.  This  improvement,  with  that  of  the  bar  above  mentioned, 
les  all  the  facilities  desirea  at  the  old  harbor, 
elation  to  the  dredging  at  the  wharves  of  the  Northern  raikoad, 
le  Northern  Transportation  Company,  the  board,  while  it  admits 
olute  necessity  to  the  large  numbers  of  vessels  receiving  and  dis- 
ng  cargoes  at  these  wharves,  yet  in  view  of  the  fact  that  there  is 
mt  water  in  the  approaches  to  these  wharves,  the  obstructions 
at  or  close  to  them,  are  of  the  opinion  that  it  belongs  of  right  to 
oprietors  of  the  wharves,  and  not  to  the  general  government, 
noant  estimated  for  this  part  of  the  work  is  not  over  four  thou- 
lollars,  ($4,000,)  and  the  dredging  is  easy  of  execution, 
iddition  to  the  work  already  recommended  there  is  required, 
f  for  the  future  development  of  harbor  facilities  at  this  place,  a 
uous  in-shore  channel  along  the  bank  of  the  St.  Lawrence,  12  feet 
it  the  lowest  stage  of  water. 

water  fironts  of  property  fronting  on  this  channel  are  now  unim- 
I,  and  the  immediate  requirements  of  the  present  business  of  the 
ire  provided  for  by  the  works  above  recommended,  which  it  is 
)d  will  consume  nearly  if  not  all  of  the  funds  available  for  this 

r. 

rder  to  locate  the  position  and  extent  of  this  channel,  and  to 
I  complete  investigation  and  report  upon  the  improvements  of 
rbor  as  called  for  by  the  order  convening  the  board,  it  is  now 
iiy  to  await  the  result  of  the  additional  examinations  which  the 
M  directed,  by  its  resolutions,  to  be  made,  but  these  examinations 
ot  affect  the  necessity  already  expressed  of  dredging  the  bar  and 
harbor. 

vetL,  First.  That  in  the  opinion  of  the  board,  so  soon  as  the  sur- 
the  bar  ordered  by  the  Chief  of  Engineers  has  sufficiently  pro- 
,  the  engineer  in  charge  be  authoriz^  to  advertise  for  proposals 
^e  there  in  order  to  secure  a  channel  of  the  width  and  deptb. 
id  in  this  preliminai^T^'^/'^^- 
7  w—Partn 
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Second.  That  the  engineer  in  charge  be  authorized  to  include  with 
the  above  proposal  the  dredging  of  the  channel  of  the  Oswegatchie 
below  the  bridge,  designated  as  section  "A"  in  a  sketch  sent  to  head- 
quart-ers  Qory^s  of  engineers  with  the  communication  of  Colonel  C.  E. 
Blunt,  dated  May  8, 1868. 

Third.  That  Colonel  Blunt  be  instructed  as  soon  as  he  has  completed 
the  observations  and  surveys  as  directed,  to  report  the  result  to  the 
president  of  the  board. 

The  board,  having  no  further  business  before  it,  adjourned  at  10.30 
a.  m.  to  await  the  call  of  the  president. 

JOHN  NEWTON,  Lieut  Col.  Engineers^  Bvt  M.  6. 

C.  E.  BLUNT,  Lieut  Col  Engineers^  Bvt  Col 

D.  C.  HOUSTON,  Major  Engineers^  Bvt  Col 
A.  H.  HOLGATE,  Captain  Engineers^  Recorder. 

OGDENSBima,  N.  Y.  May  18, 1868. 

Eeceived  at  Ogdensburg,  May  18, 1868. 

C.  E.  BLUNT, 
Lieut  Colonel  Engineers j  Bvt  Col. 


Statetnent  of  certain  residents  of  Ogdensburg  as  to  the  importance  of  Uie 

inshore  cheinnel 

Respectfully  forwarded  to  headquarters  corps  of  engineers,  with  the 
preliminarv  report  of  board  of  engineers,  convened  by  Spe<5ial  Orders 
No.  56,  dated  May  1^,  1868. 

It  appears  from  this  petition  that,  a«  stated  in  the  report  of  the 
board,  the  improveipent  asked  for  relates  to  the  prospective  business  of 
the  place,  and  so  far  this  agrees  likewise  with  the  views  express^  to 
the  board  by  those  concerned  in  the  existing  centers  of  business. 

By  order  of  the  board. 

A.  H.  HOLGATE, 
Captmn  Engineers^  Recorder. 


OGDENSBURa,  N.  Y.,  May  15, 1868. 

De  An  Sir  :  Learning  that  you  "  wish  to  ascertain  the  general  opinion 
here  as  to  the  i^ropriety  or  necessity  of  cutting  a  channel  100  feet  wide 
ah)ng  the  St.  Lawrence  toward  the  Ogdensburg  and  LakeChamplain  rail- 
road depot,  as  recommended  by  General  Eeese,  in  his  report  of  1866," 
we  beg  respectfully  to  represent,  that  while  individual  interests  demand 
and  should  have  attention,  as  far  as  general  or  public  interest  is  con- 
cerned, the  work  referred  to  is  of  the  first  general  importance,  and  for 
these  reasons :  More  wharves  are  needed ;  parties  engaged  in  the  lum- 
ber, coal,  and  stave  business  are  prevented  from  establishing  themselves 
here  for  the  want  of  wharf  room  connected  with  the  Ogdensburg  and 
Lake  Champlain  railroad.  The  Clifton  Iron  Company  contemplate  the 
shipment  of  great  quantities  of  iron  ore  to  the  west  from  this  point  after 
the  present  season.  The  Northern  Transportation  Company  is  adding 
largely  to  its  line  of  steamers,  and  it  is  desirable  that  facilities  for  this 
increase  of  commerce  should  be  found  near  our  centers  of  business, 
rather  than  at  points  remote. 

We  are  informed  that  the  property  owners  along  the  line  of  the  pro- 
posed channel,  if  made,  will  wharf  out  to  it  at  once,  thus  showing  their 
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ice  that  the  wharves  will  be  iii  demand,  and  thereby  add  a  large 
to  the  taxable  property  of  our  city. 

onstruction  of  tiiis  channel  would"  insure  tlie  extension  of  the 
mg  and  Lake  Champlain  railroad  to  the  upper  harbor,  gi\ing 
fable  water  and  wharves  with  railroad  connection  along  the 
i^er  front  of  our  city. 

r,  in  the  opinion  of  citizens  who  are  best  acquainted  with  the 
ence  river,  the  winter  steam  ferry  which  is  now  maintained  only 
^densburg  and  Lake  Champlain  railroad  station,  might  be  kept 
aear  the  summer  landing. 
Very  respectfully, 


)uck. 
IweU. 
ris. 
u 
b. 

by. 

rtrand. 
>tt  Smith, 
strong. 
Is. 

&  Gilbert. 
. 

[ledict. 
•uck,jr. 
.  Gibbs. 


John  Barber. 

C.  P.  Clark. 

Adm.  Vilas. 

E.  H.  Houston. 

H.  T.  Bacon. 

J.  S.  Johnson. 

J.  L.  Ives  &  Son. 

Edwin  Clark. 

P.  Hackett. 

Chas.  Wells. 

H.  G.  Goodno. 

H.  Chatteiton. 

I.  B.  Armstrong. 

Messrs.  Jam.  Hasbrouck,  by  S.  H. 


E.  Blunt,  United  States  Army. 


E  4. 

New  York,  May  19, 1868. 

IL:  In  forwarding  the  report  (preliminary  and  partial)  of  the 
ard  convened  to  devise  a  complete  and  detailed  plan  for  the 
ent  of  the  harbor  of  Ogdensburg,  the  members  have  desired 
i  therewith  an  accompanying  letter  in  explanation, 
trd  in  recommending  immediate  action  for  the  improvement  of 
ig  centers  of  business,  which  is  not  only  necessary  in  itself 
rmable  to  reason  and  usage,  in  utilizing  existing  facilities  have 
led  to  depreciate  the  importance  of  the  deepciuing  of  the  inshore 
*^ling  from  the  old  harbor  to  the  dex)ot  of  the  Lake  Champlain 
Dsburg  raUroad. 

ish  to  acknowledge  the  great  benefit  and  convenience  which 
mel  would  prove  to  the  development  of  trade,  but  it  wa.s  like- 
«ar3'  to  ascertain  in  the  first  i)la<5e  the  prospect  of  rendering 
inel  secure  against  filling  up  after  being  dredged,  and  the 
expense  of  keeping  it  open.  Other  points  also  engaged  their 
\iz:  the  probable  necessity  of  work  of  construction  for  the 
on  of  the  required  depth  over  the  bar,  and  of  the  in- shore 
x)ve  described.  Examinations,  which  at  the  lowest  cMlculation 
sume  several  weeks,  were  necessary  in  order  to  satisfy  the 
omiug  to  a  just  conclusion  upon  the  points  in  (juestion,  and 
>er8  of  the  board  feel  compelled  to  render  a  partial  report 


i 
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and  await  the  information  expected  from  these  examinations  in  order  to 
complete  their  investigations  and  report. 

It  is  proper  to  remark  that  some  doubt  existed  in  the  mind  of  the 
board  as  to  the  accuracy  of  the  hydrography  of  the  map  made  by  Mr. 
Judson,  and  sent  with  General  Reese's  report,  and  that  the  members  of 
the  board  are  altogether  uncertain  concerning  the  reference  of  the  bench 
mark  used  for  reducing  soundings  of  that  survey.  With  regard  to 
the  dredging  at  the  docks  of  the  depot  of  the  Lake  Champlain  and 
Ogdensburg  Railroad  Company,  and  by  the  Northern  Transportation 
Company,  the  members  of  the  board  were  strongly  impressed  with  the 
necessity  of  this  being  effected  perhaps  the  very  first  in  order,  for  the 
purpose  of  accommodating  this  important  and  growing  commerce ;  but 
they  could  not  aflSrm  a  precedent  for  x>erforming  such  work  out  of  tiie 
funds  of  the  government  at  the  wharves  of  a  private  corporation,  when 
the  channel  approaches  to  such  wharves  were  unobstructed.  It  is  proper 
to  remark  that  the  president  of  the  railroad  company  assured  the  board 
that  such  work  would  have  been  done  at  the  expense  of  the  company 
had  it  been  possible  to  obtain  the  services  of  a  dredge  from  the  neighbor- 
hood, but  he  stated  that  all  the  dredges  in  Lake  Ontario  were  working 
under  existing  contracts  with  the  government. 
Very  respectfully,  your  obedient  servant, 

JOHN  NEWTON, 
Lieutenant  Colanel  of  Engineers^  Brevet  Major  General  XT.  S.  A, 

Brevet  Major  General  A.  A.  Humphreys, 

Chief  of  Engineers^  WashingtoUj  2>.  C. 


E  5. 

Headquarters  Corps  of  Engineers, 

Washington,  D.  0.,  May  26, 1868. 

Colonel  :  The  preliminary  report  of  the  board  of  engineers  convened 
at  Ogdensburg,  New  York,  on  the  15th  May,  1868,  in  obedience  to  Special 
Order  No.  56,  to  devise  a  plan  for  the  improvement  of  the  harbor  at  tiiat 
place,  having  been  approved  at  these  headquarters,  you  will  proceed  to 
carry  out  the  views  of  the  board :  and  as  already  instructed,  you  will 
advertise  anew  for  proposals  for  the  necessary  dredging  in  the  localities 
and  in  the  order  recommended. 

A  copy  of  the  preliminary  report  of  the  board,  being  an  extract  from 
their  proceedings,  is  herewith  transmitted  for  your  information. 
Very  respectfully,  your  obedient  servant, 

A.  A.   HUMPHREYS, 
Brigadier  General  of  Engineers,  Commanding. 

Lieut.  Col.  and  Brevet  Col.  C.  E.  Blunt, 

Corps  of  Engineers,  Osewego,  New  York. 


E6. 

United  States  Engineer  Office, 

Oswego,  N.  Y.,  May  8,  1868. 

Sir  :  Shortly  after  receiving  headquarters  letter  of  the  20th  ultimo, 
relating  to  the  subject  of  dredging  at  Ogdensburg.  New  York,  I  visited 
that  place  for  the  purpose  of  making  myself  as  fully  acquainted  as  pos- 
sible with  the  requirements  of  commerce  and  business  at  that  port,  by 
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erence  with  the  prominent  representatives  of  the  various  interests 
Ji  I  have  found  there,  and  also  by  personal  examination  of  the 
or.  I  have  already  informed  headquarters  that  these  various  inter- 
liffered  in  their  views  as  to  the  locality  in  which  the  appropriation 
Id  be  expended,  and  that  it  would  be  difficult  to  plea«e  all.  I  still 
re  to  this  view  of  the  matter,  though  I  have  been  able  to  bring  about 
tain  amount  of  unity;  and  I  propose  now  to  submit  a  plan  of  opera- 
which,  it  would  seem,  will  give  a  reasonable  amount  of  satisfaction, 
ore  doing  this,  however,  I  beg  to  report  the  result  (^f  the  personal 
[nation  made  by  me,  so  far  as  I  could  arrive  at  one,  lea\ing  some 
J,  however,  unsettled  until  I  receive  a  report  of  the  borings  which  I 
found  it  necessary  to  have  made. 

leral  Beese.  in  his  report  of  November  7,  1866,  speaks  of  "two 
J88  centers'^  at  Ogdensburg.  In  this  he  is  entirely  accurate.  The 
r,  or  the  space  between  the  bridge  across  the  Oswegatchie  river 
8  month,  that  is,  as  far  as  the  line  where  the  river  originally  en- 
Ihe  St  Lawrence,  with  a  few  adjoining  wharves  partly  on  the  St. 
ace  front  and  some  at  the  Eome  and  Watertown  railroad  depot,  is 

0  a  great  extent  for  milling  and  manufacturing  purposes. 

other  business  of  the  place  is  transacted  at  the  depot  of  the  Og- 
irg  and  Lake  Champlain  railroad,  and  on  their  wharves  by  that 
d  and  by  the  Northern  Transportation  Comx)any.  Immense  quan- 
>f  all  sorts  of  property,  including  grain  and  lumber,  are  here  trans- 
d,  and  here  nine-tenths  of  the  vessels  arrive  and  depart, 
business  is  located  on  the  St.  Lawrence,  full  one  mile  from  the 
»tchie  river.    Between  the  two  is  a  town  front  only  partly  im- 

1  and  built  upon,  and  with  no  wharfage,  (with  one  exception.)  The 
mication  by  vessel  between  these  two  centers  of  business  is  not 
requent. 

lie  old  harbor — that  is  within  the  space  first  described,  and  limited 
accompanying  sketch  by  the  line  A  B — there  is  from  9  J  to  10  feet  of 
the  river  being  now  very  low.  The  bottom  of  the  greater  part,  or 
river  proper,  appears  to  be  very  liard^  covered  with  x)ebbles  and 
T8  of  various  sizes,  one  at  least  of  which  is  too  large  to  be  raised  by 
ge.  I  found  that  this  bottom  could  not  be  penetrated  without  bor- 
^hich  I  have  ordered  to  be  made.  So  far  as  the  best  information 
t  m  a  hard  pan,  underlaid  by  rock  in  place,  at  a  depth  yet  to  be 
lined,  but  over  four  feet.  I  do  not  think  it  is  derived  from  the 
in  the  dam  above,  except. possibly  a  thin  surface  layer, 
btain  12  feet  of  water  in  this  section  will  require  the  removal 
at  25,000  cubic  yards  of  material,  and  it  is  possible  that  blasting 
ive  to  be  resorted  to  for  the  large  boulders,  of  which,  however, 
eems  t-o  be  only  one  or  two. 

g  the  front  of  the  Ogdensburgh  railroad  and  the  Northern  Trans- 
on  Company's  premises  there  is  now  close  to  the  wharves  a  depth 
I  from  8J  to  12  feet,  there  being  only  about  the  former  depth 
Dhe  Northern  Transportation  steamers  lie.  The  bottom  in  this 
appears  to  be  soft,  and  about  15,000  cubic  yards  of  material  should 
>ved  to  give  12  feet  depth, 
een  these  two  points  and  along  the  St.  Lawrence  front  there  is  a 

1  with  «ix  feet  of  water,  the  bottom  penetrable  for  a  footer  so  by 
rough  the  greater  portion,  but  in  some  parts  appearing  hard  with 
,    This  bottom  is  to  be  further  examined.    To  deepen  this-chan- 

2  feet  at  low  water  will  require  about  60,000  cubic  yards  of  dredg- 
hese  three  sections  are  stated  by  General  Reese  to  require  dredg- 
t;  there  is  another  point  which  he  does  not  allude  to,  and  which  is 
inctly  shown  on  the  map  of  his  survey,  viz:  the  outer  bar^  directly 
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north  of  and  about  400  yards  from  the  light-house,  where,  for  a  distance 
north  and  south  of  about  400  feet,  there  is  only  nine  feet  of  water,  and 
vessels  are  daily  touching.  A  channel  of  not  less  than  300  feet  in  width 
should  be  dredged  across  this  bar,  requiring  the  removal  of  about  13,000 
cubic  yards  of  material,  believed  to  be  mainly  sand  and  mud.  The  prevail- 
ing wish  at  Ogdensburg  seems  to  be  to  have  the  first  dredging  done  at  the 
lower  harbor,  viz :  to  enable  the  Northern  Transportation  Company's 
steamers  to  approach  and  lie  alongside  the  wharves.  I  send  herewith 
copies  of  letters  received  by  me  on  this  subject.  There  is  no  doubt  that 
dredging  is  required  here,  but  I  observe  that  no  allusion  to  it  is  made  in 
headquarters  letter  of  the  20th  AprU.  The  question  as  to  the  limits 
defining  what  work  should  be  doue  at  the  expense  of  the  United  States, 
and  what  at  the  expense  of  the  local  business  immediately  interested,  is 
not  one  for  me  to  decide  or  to  give  any  opinion  upon. 

Tlie  upper  harbor,  or  the  section  below  the  Oswegatchie  bridge,  is  situ- 
ated very  much  like  Oswego  bridge,  ^iz :  a  narrow,  rapid  river,  lined  on 
both  sides  by  business  establishments.  At  Oswego  the  depth  in  the 
corresponding  part  is  now,  in  many  plaees,  considerably  less  than  at 
Ogdensburg,  but  no  one  ha«  asked  or  expects  to  have  the  United  States 
expend  any  money  in  deepening  it.  On  the  contrary,  a  long  strip  has 
been  coffer-dammed  and  deepened  by  blasting,  at  the  expense  of  the 
owners  fronting  upon  it.  If  the  appropriation  was  obtained  by  the  pro- 
moters thereof  with  any  special  object,  it  probably  was  with  a  view  to 
deepening  this  upper  and  old  harbor  with  the  bar  before  mentioned. 

There  can  be  no  doubt,  for  it  is  openly  admitted,  that  the  object  de- 
signed to  be  attained  by  cutting  the  100-feet  channel  along  the  St.  Law- 
rence front  (which  is  specified  in  headquarters  letter  of  20th  April)  is 
to  bring  the  adjoining  property  into  market,  promote  the  buil(fing  of 
wharves,  giving  additional  business  facilities  and  developing  new  busi- 
ness. 

The  actual  business  does  not  require  this  channel;  even  its  advo- 
cates admit  that  it  is  secondary  to  the  other  thre^  points.  I  cannot 
recommend  its  constniction  at  present. 

If  it  is  decided  that  the  work  near  the  lower  railroad  depot  and  trans- 
portation company  is  not  to  be  done  at  the  expense  of  the  United 
States,  then  it  is  my  opinion  that  the  deepening  of  the  bar  should  be  firet 
taken  in  hand.  This  may,  by  a  fair  construction,  be  considered  as  in  the 
"natural  channel"  of  the  Oswegatxjhie,  as  the  greater  part  of  the  water 
passes  over  it.  To  make  a  channel  only  100  feet  wide  over  this  bar 
would  give  little  relief,  as  vessels,  entering  the  channel  mostly  from  the 
westward,  require  considerable  room  in  changing  their  course.  A  chan- 
nel also  in  the  section  just  below  the  bridge,  of  only  100  feet,  would  not 
be  of  much  use.  The  lines  limiting  the  dredging  in  this  portion  should 
be,  in  my  opinion,  as  shown  upon  the  sketch.  Between  the  northern 
limits  of  this  section,  northerly  to  the  bar,  there  is  jjlenty  of  water,  and 
little  if  any  dredging  is  required. 

As  soon  as  I  receive  a  report  of  the  result  of  the  borings 'ordered  by 
me,  and  have  the  final  decision  of  headquarters  a«  to  the  points  or  sec- 
tions at  which  dredging  shall  be  done,  I  will  re-advertise  for  proposals. 

There  should  properly  be  three  rates  of  prices,  as  there  are  at  least 
that  niunber  of  kinds  of  work  to  be  done;  but  it  would  be  liighly  unad- 
visable  if  not  impracticable  to  make  three  separate  contracts,  and  have 
three  or  four  dredges  at  work  with  their  scows  and  tug-boats  at  onee^ 
supposing  the  work  to  be  going  on  at  all  the  points  named  simultane- 
ously, as  it  should,  in  the  opinion  of  some  who  think  I  cannot  satisfy 
everybody  otherwise. 

My  phwi  would  be,  therefore,  supposing  that  all  the  portions  of  thfr 
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are  to  be  dredged  by  the  United  States,  to  comineiiee  at  the 
uirbor,  or  Ogdensburg  railroad  front;  then  dredging  the  out^r 
It,  the  river  below  the  bridge;  and  lastly,  the  100-teet  channel 
le  St  Lawrence. 

!I  be  observed  that  I  assume  12  feet  at  low  water  as  sufficient, 
rested  are  agreed  as  to  this.  The  Welland  canal  passes  only  ten 
inches,  and  no  greater  draught  is  at  all  likely  to  be  in  use  for 

(1  contractor,  Mr.  A.  A.  Dodge,  has,  both  verbally  and  by  letter, 
ed  the  contract  and  removed  liis  dredge.    I  have  accordingly 

correspondence  with  the  district  attorney  at  Buflfalo,  and  will 
cate  his  reply  to  headquarters. 

iderstood,  I  believe,  at  headquarters,  that  Mr.  Dodge's  pretext 
le  was  deceived  as  to  the  material,  which  he  has  found  and 

to  find  much  harder  than  he  anticipated.  The  information 
ny  office  to  him  and  others  was  based  partly  on  General  Reese's 
hich  was  made  and  furnished  me,  I  suppose,  as  a  basis  of  expen- 
id  partly  upon  such  information  as  was  obtained  in  June,  1867, 
►ard  of  which  I  was  a  member.  Further  surveys  and  detailed 
ions  were  not  then  supposed  necessary  by  me,  and,  as  directed 
larters,  I  advertised  for  proposals  immediately  after  the  adjoum- 
liat  board. 

se,  in  my  next  advertisement,  to  request  bidders  to  make  per- 
te  to  Ogdensburg.  Ko  bid  can  be  understandingly  made  with- 
tisit.    The  great  distance  which  the  dredged  material  must  be 

an  imjwrtant  element  in  the  price. 

bo  keep  out  bogus  and  speculative  bids,  and  all  bids  made  by 
>ntractor,  or  in  which  I  may  know  him  to  be  interested.  There 
be  propriety  and  common  sense  in  this  course,  if  the  law  will 

herewith  copies  of  sundry  letters,  and  extracts  from  letters 
by  me  from  Ogdensburg,  as  follows:  From  George  Parker, 
»  April  3, 1868;  from  A.  B.  James,  under  date  March  31, 1868; 
&  D.  Whitney,  jr.,  &  Co.,  under  date  April  10,  1868;  from 
.  Eddy,  agent,  under  date  March  28, 1868 ;  from  D.  W.  C.  Brown, 
iperintendent,  under  date  March  31,  1868;  from  John  Kosseel, 
;e  April  11.  1868. 
ry  respectiully,  your  obedient  servant, 

C.  E.  BLUIS'T, 
Lieut  Colonel  of  EngineerSj  Brevet  Colonel  U.  S,  A, 

I  A.  A.  Humphreys, 

Chief  of  Engineer 8^ 
quarters  Corps  of  Engineers^  Washington^  D.  C. 


Ogdensburg,  March  31,  1868. 

5ir  :  I  am  just  informed  that  the  water  in  the  lower  harbor  is 

it  propellers  loaded  cannot  make  the  wharves. 

iseel,  who  takes  this  note,  will  more  fully  explain  to  you  the 

of  things. 

[  advise  that  work  be  commenced  at  that  locality  as  soon  as 

tO  meet  the  necessities  of  commerce. 

no  citizen  would  complain  of  so  doing. 

spectfullv  vours, 

A.  B.  JAMES. 
[  C.  E.  Blunt. 
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Office  of  the  Northern  Transportation  Co., 

Ogdemhurg^  N.  T.,  March  28, 1868. 

Dear  Sir  :  In  consequence  of  the  low  stage  of  water  in  the  St.  Law- 
rence river  this  spring,  it  will  be  impossible  for  our  steamers  to  get 
alongside  of  the  docks  formerly  used  by  us  at  this  port,  when  loaded; 
and  unless  you  can  assign  us  some  other  docks  and  freight  houses,  where 
there  is  a  greater  depth  of  water,  we  cannot  bring  full  cargoes  of  freight 
to  you  this  season,  unless  the  water  raises  or  your  harbor  is  dredged  out 
Trusting  you  will  give  this  matter  your  early  attention, 
I  am,  very  truly  yours, 

GEO.  A.  EDDY,  Agen^. 
P.  W.  C.  Brown,  Esq., 

0.  &  L.  C.  Kailroddj  Ogdenshurgj  K,  Y. 


Ogdensburg  and  Lake  Champlain  Eailroad, 

Superintendent's  Office, 
Ogdemhurgj  N.  T.,  March  31, 1868. 

Dear  Sir:  The  unusually  low  stage  of  water  in  the  St.  Lawrence  this 
spring  has  temporarily  almost  destroyed  our  harbor,  and  by  the  inclosed 
letter  from  the  agent  of  the  Northern  Transportation  Company  you  will 
see  that  we  are  in  pressing  need  of  some  relief,  or  we  shall  be  obliged  to 
stop  vessels  in  the  stream,  and  lighter  the  freight  to  and  from  thence. 
This  would  almost  destroy  our  business  for  the  season,  and  of  course 
damage  us  very  seriously. 

I  understand  that  your  contractor  says  his  dredges  are  entirely  unsuited 
to  the  work  of  the  upper  harbor,  but  that  they  are  just  right  for  the 
work  in  the  vicinity  of  our  docks.  Cannot  you  direct  that  he  should 
commence  at  the  lower  end  this  spring,  and  do  enough  dredging  so  that 
at  least  vessels  can  have  a  channel  to  get  into  the  docks  of  this  company, 
and  those  adjoining,  belonging  to  Mr.  Parish! 

At  least  nine-tenths  of  all  the  vessels  arriving  here  want  to  qome  to 
these  docks.  Judge  James  has  promised  to  write  to  you,  urging  this 
course  for  the  interest  of  our  city,  and  Mr.  John  F.  Eosseel  (the  agent 
of  Mr.  Parish)  ha«  kindly  offered  to  be  the  bearer  of  the  letters,  and  to 
more  fully  explain  to  you  our  pressing  need.  If  you  can  aid  us  in  the 
extremity,  we  shall  always  be  duly  giateful. 
Yours,  very  truly, 

D.  w.  c.  brow:n^. 

General  Superintendent 
Colonel  C.  E.  Blunt, 

Oswego,  JV.  F. 


Land  Office  of  George  Parish, 

Ogdenshurg,  N.  F.,  April  11,  1868. 
Dear  Sir:       #  #  ♦  ♦  # 

I  will  only  add  that  should  you  see  fit  to  refer  Mr.  Dodge  to  me  for 
instructions  as  to  where  the  work  of  dredging  shall  be  done  here,  I  will 
cheerfully  direct  him,  without  charge,  and,  in  the  language  of  Judge 
James,  "I  think  no  citizen  (or  any  other  man)  would  complain  of  so 
doing.^ 

I  am,  dear  sir,  very  respectfully, 

JOHl^  F.  EOSSEEL. 
Col.  C.  E.  Blunt,  U.  S.  A.,  Oswego,  y.  T. 
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Tote  by  Colonel  Blunt. — ^Mr.  Rosseel  particularly  desires  dredging 
Dg  the  Parish  wharf  and  in  the  so-called  "channel"  between  the  two 
tors.     He  is  3Ir.  Parish's  agent. 

C.  E.  BLUNT, 
Lieutenant  Colonel  Eiigineers^  Brevet  Colonel. 


Ogdensbubo,  N.  Y.,  April  3, 1868. 

[y  Dear  Sir:  I  hope  it  will  be  convenient  for  you  to  make  a  \isit  to 
;  place  before  the  dredging  begins  this  spring,  and  note  for  yourself 
circumstances.  At  present  it  would  be  impossible  for  a  laden  vessel 
lie  usual  Welland  canal  dimensions  to  enter  this  harbor.  ♦  ♦  ♦ 
dging  is  required  at  both  harbors,  but  none  between  them  in  the 
a-  channel,  so  called^  unless  there  is  a  surplus  of  funds  after  making 
most  needed  improvements.  Have  you  no  practical  and  experienced 
I  who  can  be  put  in  charge  of  the  work  as  insi)ector! 
Very  respectfiilly, 

GEO.  PARKER, 
olonel  Blunt. 


Oodensburg,  St.  Lawrence  County,  K  Y., 

April  10, 1868. 

EAR  Sir  :  Allow  me  to  call  your  attention  to  the  low  state  of  the 
er  in  our  lower  harbor,  viz :  Where  there  was  11  feet  one  year  ago  there 
ow  only  from  seven  and  a-half  to  eight  and  a  half  feet,  not  sufficient 
th  to  let  vessels  of  ordinary  draught  of  water  come  to  our  wharves  with 
cargoes,  thus  compelling  them  to  stop  out  in  the  stream  and  lighter 
r  cargoes  to  the  wharves,  until  the  vessel  amves  at  the  draught  above 
itioned,  thus  incurring  a  heavy  expense  awd  much  delay.  Now,  from 
fact  that  at  least  from  four-fifths  of  the  largest  vessels  which  enter 
port  enter  at  what  is  called  the  lower  harbor,  we  think  that  legiti- 
e  commerce  should  not  be  so  heavily  taxed ;  therefore  we  would  most 
lectfully  ask  that  you  cause  the  dredging  which  is  about  to  commence 
tiis  harbor  to  commence  at  the  so-called  lower  harbor,  so  as  to  be  the 
itest  relief  to  the  greatest  number. 

C.  &  D.  WHITNEY,  Jr.,  &  Co. 
olonel  C.  E.  Blunt. 


E7. 

United  States  Engineer  Office, 

Oswego^  N.  Y.,  May  21,  1868. 

m :  I  have  the  honor  to  acknowledge  the  receipt  of  headquarters 
?r  of  12th  instant,  requesting  me  to  report  as  to  quantity  and  locality 
redging  done  at  Ogdensburg  last  year,  &c.,  &c. 
lie  quantity  of  material  removed  by  the  contractor  (and  mentioned 
ly  letter  of  loth  April,  1868)  was  12,469  cubic  yards,  as  per  the 
Burement  and  daUy  record  of  Mr.  F.  Tunill,  the  inspector,  who,  I 
occasion  here  to  observe,  is  entirely  reliable  and  competent,  and  I 
e  this  remark  with  a  full  knowledge  of  the  disgraceful  intimations 
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made  to  me  iu  Ogdensburg,  which  may  possibly  have  reached  head- 
quarters. 

In  further  reply  to  the  inquiries  of  headquarters,  I  believe  I  can  do  no 
better  than  to  transriiit  the  (original)  report  which  Mr.  Tunill  has  made 
to  me  in  compliance  with  my  call,  with  a  sketch,  on  which  I  caused  Mm 
to  mark  the  places  where  the  dredge  worked. 

It  will  be  seen  from  this  sketch  that  the  soundings  would  seem  to 
indicate  that  no  dredging  wa«  necessary,  except  in  section  marked  D; 
but  this  is  not  the  only  instance  in  which  the  soundings  shown  upon  Mr. 
Judson's  map,  accompanying  General  Eeese's  report,  do  not,  by  any 
means,  represent  the  actual  condition  of  things.  My  intention  was,  in 
view  of  the  low  contract  price,  which  would  admit  of  more  work  than 
General  Reese  referred  to,  (not  specifically,  however,)  to  cut  a  200-foot 
channel  along  shore  instead  of  100  feet. 

The  board  of  June,  1867,  of  which  I  was  a  member,  intended,  though 
not  explicitly  saying  so  in  its  report,  to  leave  the  determination  of  the 
exact  limits  of  the  dredging  to  me. 

I  do  not  indicate  the  increased  depths  gained  by  dredging  upon  the 
map,  as  Mr.  Tunill  distinctly  reports  that  he  caused  it  to  be  12  feet, 
stopping  when  the  dredge  struck  deeper  water. 

In  connection  with  this  Ogdensburg  matter,  I  respectfully  ti'ansmit  a 
communication  (original)  from  Mr.  George  Parker,  collector  of  that  port, 
written  in  compliance  with  the  request  of  the  board  of  engineers,  to 
express  his  views,  but  which  he  has  sent  to  me,  and  which  was  only 
received  to-day.  I  believe  his  opinion  to  be  entirely  disinterested,  which 
is  more  than  can  be  said  of  many  others.  It  will  be  seen  that  he  passes 
by,  with  a  mere  allusion  at  the  end  of  his  letter,  the  channel  connecting 
the  old  and  new  (or  lower)  "  harbors.^' 

Very  respectfully,  your  obedient  servant, 

C.  E.  BLUNT, 
Lieutenant  Colonel  EngineerSj  Brevet  Colonel  U.  8.  A. 

General  A.  A.  Humphreys, 

Chief  of  Engineers  United  States  Anny^ 

Headquarters  Corps  of  Engineers^  Washington^  D.  G. 


Oswego,  May  19, 1808. 

Dear  Sir  :  We  commenced  work  September  26,  1867,  at  point  "A," 
of  section  No.  1,  dredging  in  a  direct  line  to  point  "  B.''  After  going 
half  the  distance  found  water  enough. 

Twenty-five  and  30  feet  near  Eome  depot  we  commenced  a  second  cut 
parallel  and  joining  the  first,  but  higher  on  the  Oswegatchie ;  this  we 
continued  until,  as  before,  water  enough  was  found. 

The  captain  of  the  revenue  cutter  Chase  saying  that  the  vessel 
pounded  on  the  bottom  the  winter  before,  (there  being  at  this  time  seven 
feet  of  water,)  and  was  going  out  of  commission  in  a  few  days,  to  lie  at 
the  dock  "A,"  we  commenced  at  the  side  of  the  second  cut,  working 
south  and  up  the  Oswegatchie  to  the  end  of  dock  "  A,''  parallel  to  and 
eight  feet  from  dock  "A."  This  we  followed  with  two  more  cuts  parallel 
to  the  first. 

The  fall  weather  not  being  such  as  to  admit  working  in  the  channel  of 
the  Oswegatchie,  section  No.  4,  (beyond  the  light-house,)  on  account  of 
the  waves  on  the  St.  Lawrence,  we  were  compelled  to  commence  work 
on  the  next  most  needed  work,  although  great  complaints  were  made 
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e  millers,  because  grain  vessels  could  not  get  in  at  the  Oswegatchie 
lel  Tfithout  lighting. 

found  a  shoal  composed  of  boulders  and  rocks  between  the  points 
md  ^^Bj'^  extending  towards  the  pier  '^B,''  ha\ing  only  three  feet 
ter,  (at  point  C,)  much  complained  of  by  tugs,  vessels,  and  the 
K)ate.  We  had  taken  three-quarters  of  this  out,  when  we  were 
lied  to  change  on  account  of  the  dissatisfaction  of  the  contractor 
B  owners  of  wharves  on  the  St.  Lawrence,  the  latter  fearing  that 
)ropriation  would  be  spent  before  they  got  their  channel. 
3onimenced  November  1,  on  the  south  line  of  the  St.  Lawrence 
!,  section  No.  2,  at  a  point  opposite  the  center  of  the  line  '^  A  B,^ 
g  down  the  St.  Lawrence  to  the  point  "  D,"  where  we  found  quite 
ftase  of  water.  We  then  commenced  a  second  cut,  as  the  first 
to  and  further  north  the  width  of  the  cut,  which  we  carried  two- 
8  far  as  the  first,  and  went  into  winter  quarters  December  1, 1867. 
re<lged  from  September  26  to  November  1,  when  the  digging  was 
381  yards;  and  firom  November  1,  to  December  i,  when  softer, 
irds.    We  made  12  feet  of  water  at  low- water  mark  where  we 

!  shoal  we  found  one  boulder  that  was  too  large  to  bring  out,  and 
of  its  sinking  a  vessel,  we  dug  a  pit  its  size  and  nosed  it  into  it. 
ry  respectfully  submitted. 

F.  TUNILL. 
il  C.  E.  Blunt. 


Office  of  Collector  of  Customs, 

District  of  Oswegatchie, 

Ogdmshurg^  N.  T.,  May  16, 1868. 

rEL :  There  is  some  discussion  and  difference  of  opinion  among 
aercial  and  manufacturing  men  and  property  owners  in  our  city, 
'ected  by  the  dredging  to  be  done  in  this  harbor  under  your 
ion. 

5  heard  the  propositions  of  different  parties  having  separate 
,  local,  to  a  certain  extent,  in  their  nature  and  application.  I 
»  giv^en  the  subject  much  consideration,  and  have  come  to  the 
r  conclusion,  which  I  have  the  honor  to  respectfully  submit  for 
mination : 

with  the  proposition  that  the  expenditure  is  for  the  purpose  of 
g  and  improving  the  general  commercial  and  manufacturing 

of  Ogdensburg — that  the  law  contemplates  the  expenditure  of 
»y  upon  the  broad  principle.  Special  interests  are  to  be  ignored, 
[>ermanent  benefit  of  the  harbor  considered, 
he  maj)  of  the  city  of  Ogdensburg  before  you,  you  will  see  the 
^atertown  and  Ogdensburg  railroad  passenger  and  freight  depot 
rf  is  located  on  the  west  side  of  the  Oswegatchie  river,  which 
into  the  St.  Lawrence  at  this  point. 

in  a  southeasterly  direction  from  the  railroad  wharf  along  the 
the  Oswegatchie  river  until  you  come  to  the  bridge ;  you  pjiss 
i-harves  and  a  grain  elevator.  Two  large  flouring  mills  and 
nufacturing  interests  of  this  port  are  located  at  and  along  this 
Crossing  to  the  easterly  side  of  the  river,  and  following  in  a 
'  and  easterly  course  until  you  come  to  the  foot  of  Isabella  streett, 
I  several  wharves  and  wai-eliouses,  including  the  ferry  wharf. 
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The  channel  along  this  route  is  not  deep  enough  for  vessels  of  heavy 
draught  to  discharge  their  cargoes  without  first  lightering. 

There  is  a  bar  also,  in  a  northeasterly  direction  from  the  light-house, 
which  is  a  very  serious  obstruction  to  navigation. 

The  brig  Castalia  cleared  from  this  port  on  the  13th  of  April,  1868, 
with  a  cargo  of  iron  ore  from  the  Rome,  Watertown  and  Ogdensburg 
railroad  wharf,  went  aground  on  this  bar,  and  was  detained  some  six  or 
eight  days  before  she  could  be  got  off,  and  then  not  until  she  was  lights 
ered.  The  detention  was  attended  with  great  expense,  but  fortunately 
the  vessel  did  not  receive  permanent  injury,  although  at  times  she  was  in 
great  danger.  I  have  during  the  past  season  seen  numbers  of  vessels 
aground  on  this  bar,  but  cannot  now  call  to  mind  the  names  of  any  of 
them. 

There  can  be  no  doubt  about  the  existence  of  this  bar,  and  as  it  is  remote 
from  any  particular  wharf,  but  obstructs  the  entrance  to  a  large  number,  I 
think  it  comes  under  the  general  principle  and  should  receive  special 
attention. 

Following  in  an  easterly  direction  from  the  foot  of  Isabella  street  until 
you  come  to  Elizabeth  street,  you  pass  that  portion  of  the  harbor  which 
has  no  wharves  or  warehouses,  and  at  Elizabeth  street  you  come  to  the 
lumber  yard  wharves;  passing  on  until  you  reach  the  grain  elevator  of 
the  Ogdensburg  &  Lake  Champlain  railroad,  you  arrive  at  the  easterly 
terminus  of  the  wharves  and  warehouses  of  this  port.  This  section  of 
the  harbor  from  Elizabeth  street  to  the  grain  elevator  accommodates  the 
great  commercial  interest  of  the  Ogdensburg  &  Lake  Champlain  rail- 
road and  the  Northern  Transportation  Company,  which  line  has  at  the 
present  time  fifteen  steamers  which  are  to  be  increased  to  twenty- 
four.  The  large  lumber  trade  is  transacted  at  this  point.  The  water 
along  this  route  is  not  deep  enough  to  discharge  cargoes  without 
lightening. 

Having  called  your  attention  to  all  the  points  of  commercial  and 
manufacturing  interests  at  this  port,  will  you  allow  me  to  remark  that 
the  locations  are  all  permanent  and  cannot  be  changed. 

The  water  power  and  manufacturing  interests  must  for  all  time  be 
located  where  they  are  now,  at  the  western  terminus  of  the  harbor  and 
the  Home,  Watertown,  and  Ogdensburg  railroad. 

The  business  of  manufacturing,  shipment  and  transhipment  of  freight 
at  this  point  must  increase,  and  the  dredging  of  the  bar,  to  which  I  have 
called  your  attention,  and  a  channel  to  the  wharves  is  a  positive  necessity. 

At  the  eastern  terminus  of  the  harbor  is  a  steam  ferry  which  connects 
the  Ogdensburg  &  Lake  Champlain  railroad  with  Canada  railroads.  It 
is  the  only  practical  communication  with  Canada  by  means  of  water 
navigation  during  the  entire  year,  on  this  northern  frontier. 

There  was  a  preliminary  survey  made  last  season  for  a  railroad  from 
Schenectady  to  Ogdensburg,  which  developed  the  fact  that  the  route 
was  perfectly  feasible. 

The  locating  survey  is  to  be  made  this  season,  and  there  can  be  no 
reasonable  doubt  as  to  the  early  completion  of  the  work.  This  road, 
when  built,  will  lessen  the  distance  between  the  lakes  and  the  St.  Law- 
rence river  and  the  navigable  waters  of  the  Hudson,  by  about  one  hun- 
dred miles;  thus  giving  the  route  a  great  advantage  over  all  others  for 
travel,  and  especially  for  freight.  It  will  form  very  nearly  an  air  line 
from  New  York  city  to  the  city  of  Ottawa. 

The  terminus  of  this  road  at  Ogdensburg  will  unquestionably  be 
between  Isabella  street  and  Elizabeth  street,  and  when  this  work  shall 
be  accomplished  it  will  be  necessary  to  dredge  the  entire  harbor. 
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In  any  event  the  day  is  not  far  distant  when  the  unoccupied  portion 
f  this  harbor  wiD  be  needed  for  commercial  purposes. 
I  am,  colonel,  very  reJspectfuUy,  your  obedient  servant, 

GEORGE  PARKER,  Collector. 
CoL  C.  E.  Blunt, 

Engineer  CorpSj  JJ.  8.  A. 


E8. 

United  States  Enoineer  Office, 

OstcegOy  New  York^  May  28, 1868. 

Sir  :  I  have  the  honor  to  acknowledge  the  receipt  of  headquarters 
Nter  of  26th  instant,  transmitting  copy  of  preliminary  report  of  the 
ioard  of  engineers^  on  the  subject  of  the  improvement  of  Ogdensburg 
larbor,  and  directing  me  to  carry  out  the  views  of  the  board  at  the 
tailities  "and  in  the  order  recommended.''  There  was  some  discussion 
y  the  board  as  to  the  wording  of  paragraph  marked  "  I''  in  their  report, 
ttrticolarly  as  to  the  proper  mode  of  referring  to  the  dredging  at  the 
hrthem  railroad  wharves.  It  was  at  first  proposed  to  incorporate 
lith  that  paragraph  the  opinion  of  the  board  that  this  work  should  not 
ie  done  by  the  United  States,  but  this  opinion  was  afterwards  separately 
pEven,  and  I  understood  the  view  of  the  board  to  be  that  I  ought  to  go 
p  work  as  soon  as  practicable  on  the  bar  and  in  the  river,  but  that  it 
Nrald  be  decided  at  headquarters  whether  the  work  at  ihe  northern 
Mlroad,  equally  necessary  in  a  certain  sense,  should  be  done  by  the 
pfnited  states.  Although  the  report  of  the  board  has  been  approved, 
lidoding,  I  may  suppose,  this  opinion,  yet  I  am  still  a  little  uncertain 

En  this  point  and  therefore  respectfully  request  to  be  informed  as  to 
intention  of  headquarters. 

Very  respectfiiUy,  your  obedient  servant, 

C.  E.  BLUNT, 
Lieutenant  Colonel  of  Engineers^  Brevet  Colonel  U.  8.  A. 
General  A.  A.  Humphreys, 

Chief  of  Engineers  U.  8.  A.,  Heo/dquarters 

Corps  of  Engineers^  Washington^  D.  C. 


E  9.    . 

ings  of  a  board  of  engineers  convened  at  Ogdensburg^  New  TorJcj 
by  virtue  of  the  following  special  order, 

[Special  order  No.  82.— Extract.] 

L  Headquabtebs  Cobps  of  Engineers, 

^  Washington^  D.  (7.,  June  18, 1868. 

IL  The  board  of  engineers,  consisting  of  Brevet  Msgor  G^eneral  John 
rvton^  lieutenant  colonel  corps  of  engineers;  Brevet  Colonel  0.  E. 
mt,  beutenant  colonel  corps  of  engineers ;  Brevet  Colonel  D.  0.  Houston, 
JOT  corps  of  engineers ;  Captain  A.  H.  Holgate,  corps  of  engineers, 
leeorder,  convened  by  special  order  No.  56  from  these  headquarters, 
Vtiie  11th  of  June,  1868,  and  which,  after  meeting  at  Ogdensburg,  as 
Irected^  a4joumed  to  await  the  call  of  the  president,  after  certain 
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examinations  ordered  by  them  should  have  been  completed,  and  those 

examinations  having  been  completed,  the  board  will,  as  desired  by  the 

l>residing  oflBcer,  reconvene  at  Ogdensburg  on  the  24th  instant  for  the 

transaction  of  such  farther  business  as  may  demand  their  attention. 
•  •  •  •  •  •  • 

By  command  of  Brigadier  General  Humphreys. 

THOS.  LINCOLN  CASEY, 
Major  of  EngitieerSy  Brevet  Colonel  U.  S.  A, 


Ogdensburg,  New  York, 

June  24, 1868—9  a.  ul 

The  board  met  pursuant  to  the  foregoing  order,  all  being  present 

The  order  reassembling  the  board  and  the  proceedings  of  the  preceding 
meetings  having  been  read,  the  board  proceeded  to  the  examination  oi 
a  map  prepared  under  the  direction  of  Colonel  Blunt,  embodying  tb^ 
information  required  by  the  board  in  their  resolution  of  May  1(5,  and 
the  preparation  of  their  final  report  upon  the  improvement  of  the  harbo^ 
of  Ogdensburg. 

The  board  ha«  the  honor  to  report  that^  in  addition  to  the  works  recom- 
mended in  its  preliminary  report  dated  May  18, 1868^  it  would  recommend 
the  excavation  of  a  continuous  channel,  150  feet  in  width  and  12  feet 
deep  at  low  water,  along  the  river  front  of  the  city,  connecting  the  mouth 
of  the  Oswegatchie  with  the  waters  of  the  St.  Lawrence.  This  channel 
is  indicated  on  the  accompanying  map. 

The  inner  line  of  the  channel  should  be  designated  by  the  cit^^  authori- 
ties as  the  line  of  wharves,  and  no  wharf  should  be  permitted  to  be 
erected  beyond  this  line.  This  line  is  marked  on  the  accompanying  map 
in  yellow  and  is  extended  along  the  entire  water  front  of  the  city. 

The  board  is  of  the  opinion  that  this  line  or  a  similar  one  should  be  laid 
out  by  authoritv  of  the  United  States  and  accepted  by  the  city  authori- 
ties before  any  work  recommended  by  this  board  should  be  executed.  It  will 
be  observed  that  this  line  cuts  off  a  portion  of  a  wharf  at  the  mouth  of 
the  Oswegatchie,  which  the  board  consider  has  had  a  detrimental  effect 
in  deflecting  the  currents  of  the  Oswegatchie  from  their  natural  and 
proper  directions. 

The  indications,  as  afforded  by  the  velocities  of  the  currents  and  the 
nature  of  the  bottom,  make  it  probable  that  the  inshore  channel,  after 
being  dredged  to  a  depth  of  12  feet,  will  gradually  fill  up,  and  sliould  this 
be  the  ca^e^  a  concave  pier,  the  position  and  extent  of  which  is  given  on 
the  accompanying  map,  woidd  have  the  effect  to  maintain  the  proper 
depth.  Another  pier  is  indicated,  joining  the  first  along  the  east  bank 
of  the  upper  channel,  for  the  puri>ose  of  confining  the  channel  and  thus 
increasing  the  quantity  of  water  passing  over  the  bar.  The  effect  of 
these  two  piers  is  to  prevent  the  dispersion  of  the  waters  of  the  Oswe- 
gatchie over  the  shoal,  and  confine  them  to  the  channels  required  for 
navigation.  These  piers  should  be  constructed  where  the  shoaling  of 
the  in-shore  channel  or  the  outer  bar  indicate  their  necessity  for  main- 
taining the  required  depth. 

From  all  the  information  which  the  board  has  collected  by  its  surveys 
and  from  residents,  it  is  of  the  opinion  that  the  pile  pier,  such  as  is  used 
on  the  Hudson  river,  is  generally  if  not  universally  applicable  in  this 
instance.  A  plan  ana  cross-section  of  this  pier  is  indicated  on  the  accom- 
I)anying  map. 

The  board  considers  that  the  erection  of  the  works  herein  recom- 


JOHN  NEWTON, 
Lieutenant  Colonel  Engineers,  Brevet  Major  General. 
OHAS.  E.  BLUNT, 
Lieutenant  Colonel  Engineers,  Brevet  Colonel. 
D.  C.  HOUSTON 
Major  Engineers,  Brevet  Colonel. 
A.  H.  HOLGATE, 
Captain  Engineers,  Recorder. 


ElO. 


United  States  Engineer  Office, 

Osicego,  N.  Y.,  February  6, 1868. 
:  By  yoor  official  letter  of  May  8,  1867,  tbe  daties  of  makiiig  8ur- 
md  estimates  for  a  ship  cana]  to  connect  Lakes  Erie  and  Ontario 
d  Niagara  falls  was  assigned  to  me,  such  surveys  and  estimates 
g  been  ordered  by  joint  resolution  of  the  40tb  Congress,  approved 
li  22, 1867. 

s  snbseqnent  letter,  I  was  anthorized  (in  view  of  the  other  import- 
aties  connected  with  my  charge  of  works  of  defense  and  harbor 
ivements  in  the  eastern  district  of  the  lake  frontier)  to  obtain  the 
'  comiietent  ci^nl  engineers  as  assistants,  and  the  names  of  several 
given  to  me.  None  of  these  gentlemen  having  been  obtainable, 
Utile  delay  was  caused  in  consequence,  but  I  at  last  succeeded  in 
fing  the  ser\nces  of  Messrs.  James  S.  Lawrence  and  Stephen  F. 
iug,  both  men  of  ability  and  experience  in  their  profession.  Field 
^s  were  immediately  organized  under  the  personal  charge  of  these 
fmen,  and  careful  transit  and  level  lines  run  over  all  the  principal 
indged  practicable  for  the  canal,  with  such  subsidiary  and  auxiliary 
as  were  uecessjirj-  in  connection  with  tliem. 
lines  have  been  made  wherever  nrevious  data  and  information 
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or  even  to  state  any  advantage  or  disadvantage  connected  with  any 
particular  route.    The  engineering  questions  resolve  themselves  into  the 
Item  of  cost.    The  commercial  ones  I  do  not  profess  to  be  particularly 
competent  to  discuss,  and  they  involve,  moreover,  local  interests  with 
which  an  engineer  should  have  no  concern;  and  the  military  one  involved 
in  the  greater  or  less  distance  of  the  line  from  the  Canadian  frontier  is 
at  the  same  time  now  so  connected  practically,  as  an  argument  pro  or 
con,  with  the  same  local  interests,  that  any  expression  of  my  personal 
views  in  relation  to  it  would  carry  with  it  an  opinion  affecting  the  loca- 
tion of  the  canal,  which  I  think  I  have  no  right  to  give.      Having  in 
view,  also,  the  provisions  of  the  pending  bill  before  alluded  to,  I  Imve 
not  felt  myself  at  liberty  to  consider  any  but  well  known  systems  and 
plans  of  canal  construction,  and  have  based  all  my  estimates  accordingly 
upon  these  well  known  data.     Certain  projects  for  an  inclined  plane, 
and  for  a  single  lock  or  well,  to  overcome  the  whole  descent  at  once,  have 
been  laid  before  me  by  their  ingenious  originator,  but  I  have  not  had 
the  time  had  1  felt  it  my  duty  to  investigate  tnem  carefully,  and  ol 
course  cannot  take  the  responsibility  of  expressing  any  professional 
opinion  upon  them.    The  dimensions  of  canal  and  of  locks  adopted  and 
used  in  all  the  estimates  are  as  follows : 

Feet 

Width  of  canal  at  water  surface  in  each  cutting 125 

Width  of  canal  at  bottom  in  earth  cutting •  9C 

Depth  of  canal 1^ 

Width  of  canal  in  rock  cutting  (sides  vertical) IOC 

Towing-path  6  above  water  surface  and  15  wide. 

Slope  when  protected  by  slope  walls,  1 J  base  to  1  height. 

Earth  slopes  1  upon  2. 

Length  of  lock-chamber .' 275 

Width  of  lock-chamber 4C 

Depth  over  miter  sill 1^ 

Lift  in  general .15  and  IC 

I  have  thought  it  entirely  unnecessary  and  uncalled  for  to  enter  intc 
any  topographical  description  of  the  well  known  section  of  country 
through  which  the  proposed  canal  must  pass,  nor  do  I  give  any  statistics 
relating  to  the  internal  commerce  which  seems  to  demand  its  construc- 
tion. All  these  matters  are  well  understood.  It  is  even  scarcely  neces- 
sary to  remark  in  connection  with  the  former  subject,  that  the  main 
difiiculties  attending  the  construction  of  the  canal  are  involved  in  the 
descent  of  the  "mountain,''  the  country  between  that  ridge  and  Lake 
Ontario  being  generally  level,  and  canal  construction  correspondingly 
simple. 

The  lines  for  which  estimates  are  submitted  are  the  following : 

No.  1.  From  steamboat  landing  at  Lewiston,  directly  up  tlie  mountain 
to  old  Fort  Gray,  and  thence  to  Schlosser ;  length  7.05  miles. 

No.  2.  From  Five-mile  meadow,  below  Lewiston,  on  Niagara  river, 
to  Lewiston  and  Schlosser ;  length  9.38  miles. 

No.  2  A.  From  a  point  1,500  feet  south  of  the  steamboat  landing  at 
Lewiston,  crossing  the  natural  basin  in  an  easterly  direction,  to  the 
foot  of  the  mountain  ridge,  thence  by  line  No.  2  to  Schlosser;  length 
7.803  miles. 

No.  3.  From  the  mouth  of  Four-mil^  creek  on  Lake  Ontario  to 
Schlosser :  length  14.43  miles. 

No.  4.  From  Wilson,  at  the  mouth  of  Twelve-mile  creek,  on  Lake 
Ontario,  to  the  Niagara  river  between  Cayuga  and  Tonawanda  creeks ; 
length  18.35. 


' LockjKtrt,  civil  eiifjincLT,  bus  btt-ii  in  Iwixl clinrjj:e  of  tlie  smvcya 
Eightoeii-iiiile  oroek,  or  I^ot^kport.  line,  and  the  line  extending  tfl 

harbor.  Tliey  have  pertbrnied  tlieir  duties  with  great  eiieigy 
lity,  and  the  data  upon  whieli  the  estimates  for  the  Aarions  lines 
fil,  as  obtained  by  themselves  and  the  parties  under  their  iuime- 
large,  may,  it  is  confidently  believed,  be  fully  relied  upon. 

these  preliminary  remarks,  I  submit  the  following  memoirs  and 
es  for  each  of  the  routes  I  have  referred  to : 

Xo.  1. — Lewiston  line. 
Length,  7.05  miles;  21  litis;  estimated  cost,  $12,00^,438.) 
line  comraenees  at  a  i>oint  on  the  Niagara  river  abont  TW)  feet 
t  the  steamboat  lauding,  where  the  biuik  isbold  and  50  feet  above 
T.  It  is  traced  along  a  depression  at  the  titut  of  the  I^oviston 
:J{)0  feet  in  a  southeiist  direi-tion  ;  from  thence  :i,(WO  feet  along 
:  of  the  ridge,  and  erotMing  the  same  to  the  Lewislon  and  Niagara 
lilroad ;  thenee  in  a  southerly  direction,  ascending  the  mountain 
early  at  right  angles  to  its  face,  a  distance  of  l,rH)0  feet  to  Fort 
.15  feet  above  the  river. 

I  Fort  Gray  the  hue  continues  for  nearly  two  miles  nearly  panillel 
■iver,  iiassing  east  of  the  lioman  Catholic  semiimiy  and  the  I*ewis- 
I  Kiagara  Falls  railroad;  thence  following  the  valley  of  Bloody 
id  a,  southeasterly  course  one  and  a  half  mile,  croHoes  the  Loi-kpor- 
agara  Falls  raili-oad  about  thive-quartei's  of  a  mile  east  of  iStis- 
I  bridge,  at  the  highest  jwint  on  the  line,  tlie  elevation  being  ^52 
FYoni  this  point  there  is  a  gradual  descent  into  the  valley  of  Gill 
A-hicIi  the  line  strikes  about  one  mile  fi-om  the  crossing  of  the  rail- 
nd  follows  to  its  mouth  at  Schlosser,  on  the  Niagaia  river,  thi'ee 
Ijove  the  tails;  the  whole  distance  being  7y-*^  miles, 
ilifieif  nee  betweim  the  siu-l'ace  of  water  of  the  Niagara  river  at 
iin  and  the  Niagiira  river  at  Schlosser  is  31li  feet.  This  has  been 
I  into  21  lift)*;  2(1  of  15  feet  and  <me  of  Hi  feet. 
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an  elevation  of  302  feet,  (which  is  the  elevation  of  the  bottom  of  the 
canal  from  this  point  to  its  entrance  into  the  Niagjira  river  at  Schlosser.) 
From  the  commencement  of  this  level  the  line  continues  in  thorough  cut 
to  its  termination ;  the  first  three  miles  to  the  summit  having  an  average 
cut  of  35  feet,  three-fouiths  of  which  is  rock.  A  pivot  or  swing  bridge 
will  be  required  for  the  railroad  crossing  at  this  point.  The  cutting  on 
the  next  two  miles  is  lighter  and  averages  27  feet,  one-fifth  only  of  which 
is  rock.  Tbe  last  half  mile  averages  17  feet  cutting  and  is  all  earth. 
Xear  the  river  the  line  crosses  the  Buffalo  and  Niagara  Falls  railroad, 
which  w  ill  require  a  pivot  or  swing  bridge. 
A  guard  lock  and  dam  will  be  required  at  the  river. 

No.  2. — Lewiston  line. 

(Length  9.39  miles;  21  lifts;  estimated  cost,  $11,128,438.) 

This  line  commences  at  the  Five-mile  meadow,  two  miles  north  of 
Lewiston.  This  meadow  has  an  area  of  about  30  acres,  and  is  elevated 
15  feet  above  the  river,  affording  facilities  for  the  construction  of  a  basin 
or  harbor  at  this  point.  The  line  is  traced  from  the  river  bank  in  a 
southeasterly  direction  and  ascends  to  the  table-land  1,600  feet  from  its 
commencement,  and  is  continued  on  the  same  course  two  miles,  over 
gradually  ascending  ground  to  a  point  east  of  Lewiston,  and  near  the 
academy ;  thence  southerly  three-quarters  of  a  mile  to  the  foot  of  the 
mountain  ridge  150  feet  above  the  river.  At  this  point  the  course  is 
changed  to  southwest,  the  line  ascending  the  ridge  obliquely  one  mile  to 
Fort  Gray,  330  feet  above  the  river.  From  Fort  Gray  the  line  runs  for 
two  miles  nearly  i)arallel  to  the  river  over  undulating  and  gradually 
rising  ground,  passing  east  of  the  Eoman  Catholic  seminary  and  the 
Lewiston  and  Niagara  Falls  railroad  to  a  point  near  the  Devil's  Hole; 
thence  along  the  valley  of  Bloody  Eun,  and  a  southeasterly  course  one 
mile  to  the  summit,  352  feet  above  the  river,  and  crossing  the  Locki)ort 
and  Niagara  Falls  railroad,  descending  graaually  for  two  miles  into  the 
valley  of  Gill  creek,  along  which  the  line  continues  to  its  mouth  on  the 
Niagara  river,  three  miles  above  the  falls.  The  length  of  this  line  is 
9^  miles. 

Tlie  diJBference  between  the  surface  of  water  of  the  Niagara  river  at 
the  Five-mile  meadow  and  at  Schlosser,  three  miles  above  the  falls,  is 
310  feet.  This  has  been  divided  into  21  lifts,  20  of  15  feet  each  and  one 
of  10  feet. 

Commencing  on  the  bank  of  the  river  at  the  Five-mile  meadow 
with  a  double  lock  of  16  feet  lift,  and  a  basin  of  500  feet  in  length,  the 
line  reaches  the  slope  from  the  meadow  to  the  table-land,  which  it 
ascends  by  five  double  and  consecutive  locks,  attaining  an  elevation  of 
77  feet  and  a  distance  from  the  river  of  2,000  feet.  From  this  point  there 
is  a  level  of  one  mile  over  favorable  ground  to  lock  No.  7 ;  thence  the 
line  continues  over  similar  ground  another  mile  to  lock  No.  8  at  the  foot 
of  the  south  ridge,  which  it  ascends  by  three  double  locks;  thence  witii 
a  level  of  1,100  feet,  a  double  lock,  No.  11,  and  a  basin  of  600  feet  to  the 
foot  of  the  mountain  ridge,  attaining  an  elevation  of  181  feet.  At  this 
point  begins  the  heavy  w  ork,  it  being  necessary  to  cut  deep  into  the 
mountain  side  to  obtain  secure  footing  for  the  walls  of  locks  and  basins; 
the  line  is  carried  obliquely  up  the  mountain  to  Fort  Gray  by  two  tiers 
of  four  and  five  double  and  consecutive  locks,  with  an  intermediate  basin, 
to  an  elevation  of  302  feet,  being  the  level  of  the  bottom  of  the  canal  to 
its  termination  at  Schlosser. 

From  Fort  Gray  the  line  continues  in  thorough  cut  to  its  terminatiom 
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3fc  half  mile  having  an  average  cutting  of  28  feet,  of  which  four- 
rock;  the  next  three  miles  to  the  summit  have  an  average  cutting 
et,  thrt?e-fifth8  of  which  is  rock.  At  this  point  the  Lockport  and 
k  Falls  railroad  is  crossed,  and  a  pivot  or  swing  bridge  will  be 
l.  On  the  next  two  miles  the  cutting  is  lighter,  averaging  27 
j-fillh  of  which  is  rock.  The  last  half  mile  has  an  average  cut  of 
and  is  all  earth.  Near  the  river  the  line  crosses  the  Buffalo  and 
Falls  railroad,  and  a  pivot  or  swing  bridge  will  be  reciuired.  A 
ck  and  dam  will  be  requii^ed  at  the  entrance  to  the  canal, 
ariation  of  this  line  see  memoir  No.  2  A.) 

No.  2  A. — Lewiston  line. 

^ngth,  7.8  miles;  21  lifts;  estimated  cost,  $11,031,916.) 

ne  commences  at  a  point  on  the  Niagara  river,  1,500  feet  south 
^amboat  landing,  and  53  feet  above  the  water  it  takes  an  easterly 
I,  crossing  a  low  sandstone  ridge  into  and  across  the  natural 
a  point  at  the  foot  of  the  mountain  ridge,  one  mile  from  its 
cement  and  150  feet  above  the  river.  Here  the  course  is  changed 
s^-est,  (and  thence  the  line  is  identical  with  the  Lewiston  line 

eucing  at  the  river  at  Lewiston  the  line  ascends  the  bank  by 
ble  and  consecutive  locks,  and  is  continued  by  a  short  level  or 
the  sandstone  ridge,  which  it  ascends  by  four  double  and  con- 
locks  to  the  natural  basin;  thence  across  the  basin  (by  a  canal 
ikment,  the  surface  being  121  feet  above  the  river)  to  its  eastern 
margin,  which  it  ascends  by  four  double  and  consecutive  locks 
n  600  feet  long  and  181  feet  above  the  river.  (From  this  point 
2  A  and  line  No.  2  are  identical.) 

No.  3. — Four-mile  creek  line. 

ength,  U^^  miles;  21  lifts;  estimated  cost,  $12,673,520.) 

ne  commences  at  the  mouth  of  a  creek  four  miles  east  of  the 
river  on  Lake  Ontario,  and  follows  the  channel  of  the  creek  for 
;  thence  in  a  southerly  direction  on  the  table-land,  with  a  gradual 
ver  very  favorable  ground,  eight  miles  to  the  mountain  ridge, 
let's  Sulphur  spring;  thence  in  a  southwest  direction  to  the  brow 
idge,  and  then  turning  to  the  southeast,  descending  into  the 
'  ^sh  creek,  which  it  crosses,  and  reaches  the  summit  at  the  end 
ith  mile.  Descending  into  the  valley  of  Gill  creek  the  line  follows 
e  to  the  Niagara  river  at  Schlosser,  three  miles  above  the  falls, 
the  whole  distance  14^  miles. 

flference  between  the  surtaee  of  water  of  Lake  Ontario,  at  the 

r  Four-mile  creek  and  the  Niagara  river  at  Schlosser,  is  316.4 

acting  the  0.4  for  variation  of  level,  leaves  the  dilference  316 

has  been  divided  into  21  lifts — 20  of  15  feet  each,  and  one  of  16 

encing  at  the  mouth  of  the  creek,  with  a  single  lock  of  16  feet 
ine  takes  a  southerly  course,  and  at  the  fourth  lock  on  the  second 
ains  an  elevation  of  46  feet,  being  the  general  level  of  the 
it  this  distance  from  the  lake.  From  this  point  the  ground  rises 
^dually  to  the  end  of  the  seventh  mile,  its  formation  being 
5  for  the  economical  construction  of  the  canal,  and  the  use  of 
eks,  seven  of  which  are  used  with  levels  varying  from  half  a 
tiree  miles  in  length.    On  the  eighth  mile  and  with  three  tiers  ol* 


276  REPORT  OF  THE  SECRETARY  OF  WAR. 

double  and  consecutive  locks,  (two  tiers  of  five  each  and  one  tier  of  fouFy ) 
with  two  intervening  basins,  the  line  ascends  the  mountain  ridge,  ob- 
taining an  elevation  of  302  feet,  being  the  level  of  the  bottom  ot  the 
canal  to  its  termination  at  the  Niagara  river.    At  the  commencement  of 
the  ninth  mile,  the  line  enters  heavy  cutting,  which  increases  for  oue 
mile  until  the  summit  is  reached,  77  feet  above  the  bottom  of  the  canal. 
From  this  point  the  descent  is  gradual  and  the  cutting  decreases,  so  that 
on  the  ninth,  tenth,  and  eleventh  miles,  the  cutting  averages  (M)  feet, 
three-fourths  of  which  is  rock.    On  the  twelfth  mile  the  line  crosses  the 
Lockport  and  Niagara  Falls  railroad,  at  which  point  a  pivot  or  swing 
bridge  will  be  recpiired,  and  descends  gradually  with  an  average  cutting 
in  the  tweltth,  thirteenth,  and  fourteenth  miles  of  30  feet,  one-third  of 
which  is  rock. 

In  the  last  half  mile  the  line  crosses  the  Buffalo  and  Niagara  Falls  rail- 
road (requiring  a  pivot  or  swing  bridge)  and  terminating  at  the  Niagara 
river,  with  an  average  cutting  of  18  feet,  mostly  earth.  At  thisi>ointa 
gaunl  lock  for  the  canal  and  a  dam  to  form  a  harbor  in  the  Niagara  river 
will  be  required. 

The  pond  at  the  mouth  of  Four-mile  creek  may  be  formed  into  an 
inner  harbor  at  a  moderate  expense. 

The  outer  harbor  will  be  formed  by  two  parallel  piers  of  crib  work 
filled  with  stone,  extending  into  the  lake  to  15  feet  water  a  distance  of 
1,000  feet. 

This  Four-mile  creek  line  coincides  nearly  with  Captain  Williams's 
line  No.  2. 

No.  4. — Wilson,  or  tavelve-mile  creek  line. 

(Length,  I'^iVoj  21  lifts;  estimated  cost,  $13,993,638.) 

This  line  commences  at  the  mouth  of  the  Twelve-mile  creek,  and  follow- 
ing its  course  about  half  a  mile  the  line  reaches  the  table-land,  and 
thence  in  a  southerly  course  for  nine  and  a  half  miles  over  gentle  rishig 
ground,  very  favorable  for  the  location  of  a  canal,  it  reaches  the 
foot  of  the  mountain  ridge.  At  this  i>oint  the  ascent  commences,  and  a 
second  table-land  is  passed.  Continuing  a  southerly  course  the  line 
crosses  the  Pekin  road,  and  half  a  mile  further  the  summit  is  reached, 
the  line  descending  into  the  valley  of  Cayuga  creek  to  the  Lockport  anu 
Niagara  Falls  railroad.  From  thence  it  takes  a  southwest  course  along 
the  valley  of  the  creek  to  Beryholt,  neaily  on  the  same  course,  to  its 
termination  at  a  point  on  the  Niagara  river,  two  miles  east  of  the  mouth 
of  Cayuga  creek — the  whole  distance  being  18^^^^  miles. 

The  diflfei-ence  between  the  surface  of  water  of  Lake  Ontario  at  the 
mouth  of  Twelve-mile  creek  and  the  Niagara  river,  at  the  point  where 
this  line  terminates,  is  317j\fo  feet;  deducting  j^^^  for  variation  of  levels, 
leaves  the  difference  317  feet;  this  has  been  divided  into  21  lifts,  of 
which  19  will  be  15  feet  each,  and  two  of  16  feet. 

Commencing  at  the  mouth  of  the  creek  with  a  single  lock  of  16  feet 
lift  and  locating  two  others,  one  of  16  feet  and  the  other  15  feet  lift, 
with  short  levels  between  on  the  first  half  mile,  brings  the  bottom  of 
canal  to  33  feet,  being  the  general  elevation  of  the  ground  at  this  dis- 
tance from  the  lake.  From  this  point  to  the  foot  of  the  mountain  ridge, 
a  distance  of  nine  miles,  the  inclination  is  gradual,  attaining  an  addi- 
tional elevation  of  135  feet,  which  is  overcome  by  the  use  of  nine  single 
locks.  From  this  point  the  line  ascends  the  mountain  ridge  to  a  second 
table  land  at  an  elevation  of  273  feet  above  the  lake,  which  is  overcome 
by  a  tier  of  seven  double  and  consecutive  locks.    On  this  table  laud  is  a 
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of  half  a  mile,  and  then  two  more  double  and  consecutive  locks 
feet  lift,  attaining  an  elevation  of  303  feet,  bein<,^  the  level  of  the 
n  of  the  canal  from  this  point  to  the  Niag:ara  river, 
m  the  lake  to  this  point  the  |4:round  is  favorable  to  an  economical 
action  of  a  canal,  there  being  a  greater  number  of  fthu/le  locks 
n  the  line  No.  3,  and  less  rock  excavation  than  on  either  lines  No. 
r3,  in  surmounting  the  ri<lge;  but  from  this  point  deeper  rock 
j:  is  found  than  on  either  of  the  other  lines;  the  greatest  depth  of 
utting  being  02  feet,  and  the  average  for  the  first  three  miles  05 
iree-fourths  of  which  is  rock.  The  next  two  miles  average  41 
16  largest  portion  being  rock.  From  thence  to  the  river,  two  and 
rd  miles,  the  average  cutting  is  27  feet,  with  but  little  rock.  This 
osses  the  two  railroads  that  are  crossed  by  the  other  lines,  for 
pivot  or  swing  bridges  will  be  required. 

lard  lock  and  dam  will  be  required  at  the  termination  of  the  canal 
Niagara  river. 

direction  of  this  line  may  be  so  changed  as  to  reduce  the  river 
tion  two  miles,  without  materially  increasing  the  length  of  the 
T  the  cost  of  its  construction. 

pond  at  the  mouth  of  Twelve-mile  creek  may  be  made  into  a  good 
r  harbor. 

exterior  harbor  will  be  formed  by  building  two  parallel  tiers  of 
)rk  filled  with  stone,  extending  into  the  lake  to  15  feet  water,  and 
nee  of  1,000  feet.  Considerable  portions  of  the  line  surveyed 
of  the  mountain  ridge  being  through  swamps  and  woodlands 
ry  thinly  inhabited,  it  was  impracticable  to  obtain  by  mere  in- 
reliable  data  for  estimating  the  rock  cutting.  Correct  informa- 
i  this  point  being  absolutely  necessary  as  a  basis  for  trustworthy 
tes,  borings  were  taken  to  the  rock  at  short  distances  along  those 
a  which  estimates  are  made. 

idition  to  the  lines  which  have  been  thus  described  and  for  which 
tes  are  given,  a  number  of  trial  lines  were  examined,  but  being 
less  advantageous,  estimates  have  been  confined  to  these  now 

ill  be  observed  that  the  '^  natural  basin,"  near  Lewiston,  which  is 
ire  of  one  of  Captain  Williams's  notes,  has  not  been  made  use  of 
ddered  in  any  of  the  projects  herewith  submitted.  No  advantage 
nsurate  with  the  increased  cost  was  thought  to  be  derived  from 
roduction  into  the  plan.  Both  of  the  two  shorter  routes  have 
n  consequence,  carried  directly  into  the  Niagara  river.  They 
le  in  general  with  those  of  Captain  Williams. 

No.  5. — OlCOTT  OR  EIGHTEEN-jJ^nLE   CREEK  ROUTE. 

(Length,  25,^  miles ;  estimated  cost,  $12,893,170.) 

line  of  survey  begins  at  the  head  of  Olcott  harbor  on  Lake  Onta- 
miles  east  from  the  mouth  of  Niagara  river  following  the  channel 
Eighteen-mile  creek  (the  course  of  which  is  nearly  south  and  very 
for  three  and  seven-eighths  miles;  then  leaving  the  creek,  follows 
y  diverging  somewhat  to  the  west ;  ascending  gradually,  reaches 
and  a  half  miles  the  table-land,  over  which  it  passes  for  five  and 
>urtlis  miles  nearly  south  to  the  foot  of  the  mountain  ridge,  when 
rs  another  valley  or  gulf  two  and  one-eighth  miles  in  length, 
r  in  width  from  80  to  300  feet  on  the  bottom,  which  is  gradually 
ing,  with  steep  banks  on  both  sides;  this  is  followed  to  its  head, 
the  mountain  ridge  is  encountered.    From  the  head  of  the  g\M 
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the  Hue  follows  a  slight  depression  in  the  ridge  leading,  in  a  tolerably 
direct  course,  west  of  south  for  four  miles  to  the  east  end  of  Beech  ridge, 
thence  by  an  almost  direct  line  nearly  southwest  to  the  Niagara  river 
opposite  the  north  end  of  Tonawanda  island,  about  seven-eighths  of  a 
mile  north  of  the  mouth  of  Tonawanda  creek,  making  the  whole  distance 
25  miles,  22  ^^^  chains.  The  difference  between  the  ordinary  low  water 
surface  of  Lake  Ontario  and  the  Niagara  river  at  Tonawanda  we  make 
^^^tVo  ^^^^j  which  has  been  divided  into  21  lifts,  16  of  which  will  be  15 
feet  each,  and  five  of  16  feet. 

By  the  use  of  four  locks  and  dams  and  a  comparatively  small  anionnt 
of  excavation,  the  channel  of  Eighteen-mile  creek,  for  the  distance  of 
three  and  seven-eighths  miles,  will  be  in  good  condition  for  the  luse  we 
propose  with  very  little  other  expense.  In  the  next  distance  of  one  and 
a  half  miles  four  locks  will  be  required  and  generally  but  one  bank,  with 
dams  at  the  locks  forming  basins  from  200  to  400  feet  in  width.  The 
last  of  the  locks  above  mentioned  will  be  at  the  north  end  of  a  level 
about  five  and  a  half  miles  long,  so  located  that  for  most  of  its  length 
the  excavation  will  be  just  suflicient  to  form  the  banks.  On  this  level  will 
be  required  (to  pass  a  branch  of  the  Eighteen-mile  creek)  the  only  culvert 
necessary  on  the  line. 

At  the  south  end  of  this  level  is  located  lock  No.  9  at  the  entrance  to 
the  gulf,  along  which  are  distributed  the  remaining  12  locks,  numbeml 
consecutively  from  10  to  21,  inclusive,  all  sei)arate  except  Nos.  12  and  13 
combined,  and  20  and  21  also  combined. 

Lock  No.  21  will  be  at  the  commencement  of  the  heavy  cutting  through 
the  mountain  ridge,  which  for  the  first  two  miles  is  mostly  solid  rock, 
needing  a  depth  of  cutting  of  55  feet,  over  50  feet  of  which  is  rock.  From 
this  summit,  which  is  one  and  a  half  miles  from  the  head  of  the  gulf, 
the  surface  giadually  descends  toward  the  southwest  to  the  river;  the 
surface  of  the  rock,  dipping  more  rapidly  in  the  same  direction,  disappears 
in  about  three  miles  from  the  head  of  the  gulf. 

The  dimensions  of  the  canal  estimated  on  is  for  14  feet  depth  of  water, 
100  feet  wide  in  rock  cutting,  in  earth  90  feet  wide  on  bottom,  with  slopes 
(protected  by  slope  walls)  of  one  and  a  half  feet  horizontal  base  to  one 
foot  vertical  to  the  top  of  the  towing  path ;  banks  of  earth,  when  not  pro- 
tected by  slope  walls,  to  be  two  feet  horizontal  to  one  foot  vertical. 
Towing  path  to  be  15  feet  wide  and  berme  12. 

The  estimate  for  locks  provides  for  a  cnamber275  feet  long  from  angle 
to  angle  of  mitre  sills,  46  feet  wide,  with  14  feet  depth  of  water  on  the 
mitre  sills. 

In  all  cases  except  when  locks  are  combined,  provision  is  made  for 
basins  between  them  not  less  tlian  500  feet  long.  In  the  two  cases  when 
the  locks  are  combined  the  estimate  includes  the  cost  of  double  sets. 

A  guard  lock  with  walls  19  feet  high  to  be  located  in  the  vicinity  of 
Niagara  river,  to  protect  against  occasional  high  water  in  the  river  and 
to  allow  the  water  to  be  drawn  out  of  tlie  canal  when  necessary  for  re- 
pairs, &c.,is  included  in  the  estimate.  For  local  crossings,  pivot  swing 
bridges  resting  on  a  center-piece  are  estimated,  providing  for  a  water- 
way on  each  side  of  50  feet. 

No.  5  (a.) — From  tonawanda  creek  to  buffalo  harbor. 

(Length,  15  miles;  estimate,  $11,000,000,  in  addition  to  the  length  and 

cost  of  the  Olcott  or  Wilson  lines.) 

From  Tonawanda  creek  to  the  south  side  of  Ellicott  creek  the  line 
adopted  for  bottom  is  14  feet  below  the  surface  of  water  in  the  same  as 
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for  the  Erie  canal,  which  is  324^3j5^feet  above  the  surface  of  Lake 

io. 

the  south  side  of  Ellicott  creek  a  lock  of  four  feet  lift  is  estimated, 

>st  of  which  is  assumed  as  the  same  as  for  the  grand  lock  to  be 

d  on  the  main  line  near  the  Niagara  river. 

m  the  lock  to  Buffalo  creek  the  bottom  line  is  16  feet  below  the 

e  of  Buffalo  harbor,  327^^^  above  Lake  Ontario. 

estimate  includes  nothing  for  deepening  Buffalo  creek  between  the 

srhere  this  line  intersects  it  and  Buffalo  harbor. 

re  is  also  appended  an  estimate  of  the  cost  of  deepening  the  Tona- 

•  creek  fi-om  the  month  of  Sawjer's  creek  to  the  point  where  the 

estimated  line  diverges  from  the  same,  the  distance  being  216 

• 

rly  all  the  work  required  is  for  excavating  a  bar  which  covers  a 
ee  of  30  chains  in  length,  the  water,  except  at  this  bar,  generally 
:ing  from  18  to  24  feet  deep. 

re  is  also  submitted  an  estimate  for  a  canal  of  the  same  dimensions 
;he  line  from  Olcott  to  the  Niagara  river,  diverging  from  that  line 
20th  mile  and  intersecting  the  Tonawanda  creek  at  the  mouth  of 
r's,  the  line  following  the  general  direction  of  the  east  branch  to 
ction  with  its  west  branch,  thence  bj^  the  main  channel  to  the 
anda. 

bottom  line  being  raised  four  feet  above  that  estimated  for  the 
ine,  would,  if  adopted,  consequently  diminish  the  quantity  of  exca- 
on  the  main  line  between  the  13th  and  20th  miles,  as  follows : 
excavation,  731,000  cubic  yards ;  rock  excavation,  205,000  cubic 

additional  lockage  of  four  feet  would  increase  the  expense  $42,120. 
total  estimate  on  the  main  line  from  the  20th  mile  to  the  river 
be  dispensed  with  in  case  lines  above  estimated  on  should  be 
d. 

NIAGARA  SHIP  CANAL,  1867.— ROUTE  No.  1. 
f  From  iteamboat  landing  at  Lewiston  to  Schlosser,  7.45.] 

Summary  of  quantities  per  mile  and  estimated  cost. 


Excavation  of  earth. 


itity. 


9dM. 

3,469 
2,25/7 
5.  1^ 
9,637 
1,230 
i.644 
),2l!> 


,t«3 


Price. 

Amount. 

$0  25 

$78,367  25 

25 

50,  574  25 

25 

91. 546  75 

25 

84, 909  25 

25 

65, 8(J7  50 

25 

131,711  00 

25 

97,554  75 

GOO,  470  75 


Excavation  of  rock. 


Quantity. 

Price. 

Cub.  yd». 

58.730 

$1  25 

1, 346, 499 

1  25 

392,581 

1  25 

470. 128 

1  25 

611.771 

1  25 

260.437 

1  25 

116,645 

1  25 

3, 256,  791 

Amount. 


$73,412  50 
1,683,117  50 
4iK).  726  25 
587. 660  00 
764,  713  75 
325. 546  25 
145, 806  25 


4, 070, 982  50 


Embankment. 


Quantity. 


Cub.  yds. 
70,000 


70,000 


Price. 


-*0  25 


Amount. 


$17,500 


17,500 
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Boute  No.  1 — CoDtinned. 


1 

2 
3 
4 
5 
6 
7 


Lining  and  graveling. '  Riprap  and  Hlope  walls. 


Quant. 


Cuh.yds. 
5,  3.;o 
2.  60) 
2,6>0 
2.  6(XJ 
2,6(X) 
5.  100 
8,000 


Price.' Ara't.  Qnant. 


$0  50 
50 
50 
50 
50 
50 
50 


Price. I  Ain't. 


Cub.yds 
«2,  650!      5. 200 
1,300 
1,  300' 

i,30o; 

1,300 
2.550 
4,000 


4,900 
10,400 


$1  50 


$7,800 


50 
50 


7,350 
15,000 


Bridges. 


No. 


t2 

(§) 
1  com. 

1  com. 

t2 
1  com. 

113 


Am't. 


$29,600 

157,200 

6. 6110 

8,400 

27,200 

7,  000 

2:},  8001 


Locks. 


No. 


Am't. 


:12   $3,328,560 
:9  !  2,496,420 


(H) 


114,415 


Total. 


to 

a 

PQ 


$3,000 
2,000 
2,000 
2,000 
2,500 
3,000 
2,600 


V8,8o0 114,400     20,500 ]    30,750 259,8001 5,939,395     17,100 

To  which  add  for  u  dam  and  dredging  in  the  Niagara  river  at  Schlosser 

Add  also  10  per  cent,  for  contingencies ' 


TotalL 


$3,698,(89  75 
4,233,411  75 
502,  m  00 
684, 269  25 
861,521  25 
477, 157  25 
403.776  eo 


10,953,398  25 

50,000  (4) 

1,095,03D  75 


12,0^5,438  OO 


'^I  coninou  and  1  railroad. 
§  Double. 


t  Concrete. 
II  Guard-lock. 


t  2  common  and  1  railroad  combined. 
HBailing,  draining,  snd  clearing. 


NIAGARA  SHIP  CANAL,  1867.-ROUTE  No.  2. 

[From  Five-mile  meadow,  by  Lewiston  to  Schlonser,  9.38.  J 
Summary  of  quantities  per  mile  and  estimated  cost. 


Excavation  of  earth. 

Excavation  of  rock. 

Embankment. 

OB 
1 

Quantity. 

Price. 

Amount. 

Quantity. 

Price. 

Amount. 

Quantity. 

Price. 

Amount 

1 

Cub  yd$. 
224  042 

$0  25 
25 
25 
25 
25 
25 
25 
25 
25 
25 

$56, 010  50 
37, 768  25 
.38. 072  50 
51,978  25 
81,314  50 
99,115  50 
67. 423  00 
104,688  50 
108, 985  00 
38, 259  00 

Cub.  yd*. 

Cub.  yds. 
41,000 
18,  too 
76,000 
74,000 

$0  25 
25 
25 
25 

$10,250  00 

O 

151,073 
152.290 
207,  913 
325.  258 
396,  462 
269, 692 
418,754 
435,  940 
153,  a'KJ 

4,500  00 

3 
4 

5 

158.557 
406,996 
328,  423 
500,0i)5 
542,  560 
411,440 
185, 967 

$1  25 
1  25 
1  25 
1  25 
1  25 
1  25 

$108,196  25 
51)8, 745  00 
410,528  75 
625,  118  75 
678, 200  00 
514, 3(J0  00 
232, 458  75 

19,000  00 
18,500  00 

<-; 

0^ 

u 

u 

(*) 

r" ■" 

2, 734,  460 

683,  615  00 

2,534,038 

3, 167,  547  50 

219,000 

52,^0  00 

*  33-100  mile. 
Route  No,  2 — Continued. 


Lining  and  graveling. 


E    Quant. 


1 
o 

3 
4 

5 
6 
7 
8 
9 


Price. 


Cub.yds. 
8.  100  $0 
10,4(X) 
6.200 

3,  20O 
2.  600 
2, 600 
2. 6(;0j 

4,  300 
6,600 
5,800 


50 
50 
50 
50 
50 
50 
50 
50 
50 
50 


Am't. 


Riprap  and  slope  walls. 


Qnant.    Price. 


$4,050 
5,200 
3,  100 
1,600 
1.300 
1,300 
1,300 
2, 150 
3,  300 
2,900 


Cub.yds. 

$10,  600  $1 

15.  lOOi  1 

6.900;  1 

1,200    1 


50 
50 
50 
50 


.3,300  1 
7,800;  1 
6,100;  1 


50 
50 
50 


Am't 


$15,900 

22,650 

10, 350 

1,800 


4,950 

11,700 

9, 150 


Bridges. 


Nq. 


3  com. 
2  com. 
2  com. 


1  com. 
1  com. 

:2 

1  com. 
1  com. 


Am't 


$13, 800 
9, 200 
9,200 


6.600 
8,400 

27, 200 
7.000 
5, 300 

18,500 


Locks. 


No. 


Am't 


t6 

n 

t9 
\5 


$1, 664. 280 

277,380 

2,  496,  420 

1, 386, 9001 


a) 


114,415 


Total 


* 
o 

I 


$2,000 

800 

2,000 

2,0t)0 

2,  OCO 
2,000 
2,500 

3.  OCl) 
2,500 
1,800 


Total. 


11.766, 
357, 
2,776, 
1,971. 
501, 
735. 
776. 
636, 
364. 
185, 


.52.400 26,200     51,0001   |     76.500 105.200 .5,939,395,     20,600 

To  which  add  for  a  dam  and  dredging  in  the  Niagara  river  ut  Schlosser 

Add  alito  10  pur  cent  for  contingencies 


290  50 
498  25 
338  75 
5-23  25 
743  25 
934  25 
623  00 
088  50 
243  75 
l>24  00 


10,071,307  50 

5L\00Q  00 

1, 007. 130  50 


11, 128. 438  00 


*  38- 100  mile. 
^  Double. 


tic  ommon  and  1  railroad. 
II  Guard-lock. 


1 1  common  and  1  railroad  combined. 
^  Bailing,  draining,  and  clearing. 
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NIAGARA  SHIP  CaNAL,  1867.— ROUTE  No.  2  A. 

From  a  point  on  the  Niaflra^  river  1.500  feet  sonth  of  the  vteainboat  lauding  at  Lewi»ton.  croHsiofl:  at  the 
natural  biutin,  in  an  easterly  diructiou,  to  the  foot  of  the  moautoin  ridgo  ;  thence  by  Line  No.  2  to  Scblosiier, 
7.e03  mile«.] 

Summary  of  quantities  and  estimated  cost. 


SeetioQi. 

Excayation  of  earth. 

Excavation  of  rock. 

Embankment. 

No. 

Feet. 

Qaantity. 

Price. 

Amoant. 

Quantity. 

Price. 

Amount. 

Quantity. 

Price. 
$0  25 

Amount. 

1 

3.800 
3,5iJO 

Cub.  yds. 
261.000 
264,000 
2t)7. 913 
325,258 
396, 462 
2«9.e92 
418,754 
415,940 
153,036 

$0  25 
25 
25 
25 
25 
25 
25 
25 
25 

$65,250  00 
66.000  00 
51, 978  25 
81,314  50 
99. 1 15  50 
67. 423  00 
104.  688  50 
108, 985  00 
38.259  00 

Cub.  jfdB. 

Cub.  yd$. 
120,000 

$30,000  00 

? 

128,000 
406, 996 
328, 4..'3 
500,095 
542,560 
411,440 
185,967 

$0  25 
25 
25 
25 
25 
25 
25 

$160,000  00 
508. 745  00 
410,528  75 
62.5,118  75 
678, 200  00 
514,300  00 
232, 458  75 

3 
4 

5.300 
5.  'M\ 

74,000 

25 

18,500  00 

5  '  5,  :W0 

6  '   5.300 

7|    5..3UO 

8     5,500 

d  1    2.(iU0 

41,200 

2,732.055    

683, 013  75 

2,503.481 

3,129.35125 

194,000 

48.500  00 

Summary  of  quantities  and  estimated  eost^  route  No,  2  A — Continued. 


SectioQM. 


V  Feet 


3,800 
3,5<X) 
5,,'»0 
.5,200 
5.300 
5,300 
5.300 
5.500 
2,000 


41.200 


Lining  and  graveling. 


Quantity,  i  Price. 


Cub.  yd$. 
2,100 
2,600 
3.200 
2,600 
2,600 
2.6<J0 
4,300 
6,600 
5,800 


$0  50 
50 
50 
50 
50 
50 
50 
50 
50 


32,400 


Am't. 


$1,050 
1,300 
1,6  JO 
1,300 
1,300 
1,300 
2,  150 
3,300 
2.900 


Riprap  and  slope  walla. 


Quant. 


Cub.  yd$. 
6.500 
3.300 
1,200 


3.300 
7,800 
6,100 


....  16.200       28.200 
»  which  add,  for  a  dam  and  dredging  in  the  Niagara  river  at  Scbloiwer 
Id,  ultfo,  10  per  cent,  for  contlngencleii 


Price. 


Am't. 


$1  50  $9,75') 
1  50  1  4,950 
1  50     1,800 


1  50  4.950 
1  50  11,71.0 
1  50  I  9, 150 


42.300 


Bridges. 


No. 


Am't. 


$27,400 
4,600 

'6,600 
8,400 

27,200 
7,000 
5,300 

18.500 


105,000 


Locks. 


No. 


:8 


{\\) 


Am't. 


6C 

a 


Total. 


$2, 219, 040  $2, 000  $2,354,490  00 


2,219,040 
1, 386, 900 


114,415 


2.000 
2.000 
2.000 
2,  0(X) 
2.500 
3,000 
2,  SOU 
1,800 


5, 939, 395  19, 800 


Total 


2,457.890  00 
1,971.523  25 
501.743  25 
735,934  25 
776.623  00 
636.088  .W 
364.243  75 
iaM24  00 


9,983,560  00 

.'50.000  00 

998,356  00 


11.031,916  00 


'  Bailing,  draining,  and  clearing. 
^Common. 


1 1  common  and  1  railroad.  \  Double. 

U  1  common  and  1  railroad  combined.  H  Guard  look. 
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NIAGARA  SHIP  CANAL,  1867.— ROUTE  No.  3. 

[From  Four-mile  creek  to  Schlomer,  14. 43  mflei.] 
Summary  of  quantities  per  mile  and  etftimated  cost. 


Excavation  of  earth. 

Excavation  of  rock. 

Embankment 

m 

Quantity. 

Price. 

Amount. 

Quantity. 

Price. 

Amount. 

Quantity.  Price.     Ami 

1 

Cub.  yds. 

173, 861   *fl  ft5 

$43, 465  25 

43, 292  75 

43,  842  00 

10,  883  25 

26,471  50 

47. 396  00 

35,  a:J2  50 

37,381  75 

81, 428  25 

94,  943  00 

114,392  75 

102,  692  50 

130, 375  00 

l.^,  737  75 

58,579  00 

Cub.  yd*. 

Cub.  yd: 
26.000 

J»  25 

K 

2 

173,  171 
175, 368 
43,  ;:j3 
105,  886 
189,584 
143.  330 
149.527 
325,713 
379. 772 
457.571 
410.770 
521,500 
.542,  951 
234.316 

25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 

57,000  1      25 

14. 

3 

61.000         25        Ijl 

4 

178,  0<K) 
50,000 

25        44, 

5 

25        12, 

6 

7 

39.000 

25          9. 

8 
9 

53,  914 
887.662 
1,166.233 
806.  327 
437,  575 
203,  732 
103,  121 
1.480 

a  25 

I  25 
1  25 
1  25 
I  25 
1  25 
1  25 
1  25 

$67,392  50 

1,109,577  50 

1,  457,  791  25 

1,007.908  75 

546, 968  75 

254,665  00 

128,901  25 

1,850  00 

162,000         25 

1 

40. 

10 

11 

12 

13 

14 

(*) 

143, 

4,  026, 85:1 

1, 006, 713  25       3, 660,  044 

1 

4, 575, 055  00 

57:j.ooo  ! 

1               1 

*  43-100  mUe. 


Summary  of  quantities  per  mile  and  estimated  cost^  route  No,  3 — ContiDued. 


v> 


1 

2 
3 
4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 


Lining  and  graveling. 


Quantity. 


Cub.  yds. 

7,300 

9,300 

10,  100 

10,900 

10,900 

10, 400 

10,500 

4,800 

2,  600 

2.600 

2.60') 

2,  600 

6.900 

6,400 

6, 200 


Price. 


Am't 


$0  50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 


$3,650 
4. 650 
5,050 
5.450 
5,450 
5,200 
5,250 
2,400 
1,  3(K 
1,300 
1,  30:J 
1,300 
3,  450 
3,200 
3,100 


Riprap  and  slope  walls. 


Quantity. 


Cub.  yd*. 

9,  100 

12.900 

14.  .5'.)0 
16,000 
16,000 

15,  100 
15,200 

4,300 


6.40O 
7,400 
7,000 


Price. 


AmH. 


$1  50 
1  50 
1  50 
1  50 
50 
50 
50 
50 


1  50 
1  50 
1  50 


$13,650 
19, 350 
21.750 
24,000 
24,000 
22.  650 
22,  8(X) 
6,450 


Bridges. 


No, 


n 

tl 
tl 
W 
tl 
tl 


12.630 
11,  100 
10,500 


tl 
tl 
tl 
tl 

!I2 


tl 


Am*t. 


«4.600 
4,600 
4.600 
4,600 
4.600 
4,600 


4,600 
6,400 
7,000 
7,500 
25,000 


4.600 
18,500 


Locks. 


No. 


!2 

§1 


M 
II U 


c:) 


Am't. 


$531. 015 
174,  665 
174.565 


174,665 
174.665 
3,883,330 


114,415 


1 

PQ 


$2,500 
800 
800 
400 
800 

aoo 

800 
3,000 
4,000 
3.000 
3,000 
3,000 
3,5lX) 
3,000 
2.000 


104,100    i52.050|     125,900  1 1188,850    ....1101,200    ....5,227.410     31.400 

To  which  add,  for  Lake  Ontario  harbor,  two  piera  of  crib-work  filled  with  stone,  each  1,000 

feet  lonpr,  20  feet  wide,  and  18  feet  high 

Dredging  for  pier»  for  chRnn«l,  1,(;00  feet  X  360  feet  X  7. 5  feet  =  100,000  cubic  yards,  at  30  cts. 

Dam  nud  dredging  in  the  Niagara  river,  at  SchloHser 

Add  also  10  per  cent,  for  contingencies 


Total 


Tot 


$605. 

261. 

265. 

89, 

73. 

253, 

2W. 

4,045, 

1,202. 

1,564, 

1,134, 

678. 

404, 

2?6, 

208, 


11, 3A 
irs. 

30. 

50. 

1,132, 


12.6:3, 


*  Bailing,  drnining,  and  clearing. 

^1  15  feet  lift. 

**  1  common  and  1  railroad  combined. 


t  Common. 
II  Double, 
tt  43-100  mile. 


♦1  16  feet  lift  and  1  15  f 
II 1  common  and  1  railro 
\\  Guard  lock. 
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NIAGARA  SHIP  CANAL,  1867.— ROUTE  No.  4. 

ffrwB  Wlbon,  or  Twelre-mile  creek,  to  Nin^ora  river,  between  Caynga  and  Tooawanda  creeks,  18. 35  mileB.  J 

Summary  of  quantities  per  mile  and  estimated  cost. 


*  35-100  mile. 


/            Exearation  of  earth. 

Excavation  of  rock. 

Embankment. 

I     Quantity. 

1 
Price. 

Amonnt. 

Quantity. 

Price. 

Amount 

Quantity. 

Price. 

Amount. 

Cu^u:  fds. 

251,097 

f           88,900 

194,600 

82.500 

».9e9 

134.301) 

140,  4yo 

81,120 

100,  <;03 

218,694 

416,266 

376,545 

274.094 

230,504 

631,209 

914,518 

699,707 

631.  146 

186,054 

10  25 
23 
23 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 

$62,774  25 
22,225  00 
48, 65)  00 
20.625  00 
21,747  25 

33.625  25 
35,  123  50 
20.280  00 
25,751  25 
54.673  50 

104.066  50 
.•♦4,  136  25 
68.523  50 

62.626  00 
157.  804  23 
2-28  699  5;) 

Cubic  ydt. 

Cub.  yds. 
57.000 

$0  25 
25 
25 
25 
25 
25 
25 
23 
25 
25 

$14,250 

46,250 

2,(X)0 

24,750 

24, 230 

185,000 
8,000 

99,000 
97,000 
30,000 
97.000 
103,000 
103.000 
74,000 

7.  .'>00 

24, 230 

25.  730 

25,750 

167,218 

936,  386 

1, 324. 086 

877,343 

735,  ^43 

362,  119 

57.022 

59,537 

m  25 
1  25 
1  25 
1  25 
1  25 
1  23 
I  25 
1  25 

$:i09,022  50 

1,170,482  50 

1,655,110  OO 

1, 096.  678  75 

919, 053  75 

452,  648  75 

71. 277  50 

74,421  25 

18.500 

25  I        *  174,  926  75 
25  1          157,  786  50 
25              46, 513  50 

a,  761,  938 

1,440,484  50 

4, 518, 956 

5, 648, 695  00 

853,000 

213, 250 

Summary  of  quantities  per  mile  and  estimated  cost^  route  No.  4 — Continned. 


Lining  and  graveling.  Riprap  and  slope  walls. 


QnanL 


Price.   Am't 


CtLydM. 

I    9.50U 

i  10.000 

i  10.400 

10.  SOD 

10,300 

10,500 

10.500 

10,400 

iO,.'iOO 

4.700 

2,6.0 

2.60i> 

2,600 

2,600 

%eoo 

6,  100 

£.800 

10,900 

5,800 


10  50 
SO 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 

50 
50 


Quant.  Price. 


$4,750 
5.000 

s.aoo 

5,250 

5,250 

5.250 

5,250 

5,2i'0 

5.250 

2,350 

1,300 

1,300 

1,.T00 

1,300 

1.300t 

4,050 

4,400 

5.  450 

2.9001 


Cu.ydt. 
13,300 
14,200 
15,000 
15,300 
15,300 
15.300 
15,300 
15.000 
15,300 
4.100 


II  50 


50 
50 
50 
50 
50 
50 


1  50 


50 
50 


144,100 


10.600  1  50 

12, 000  1  50 

16,000  I  50 

6, 100  1  50 


72,050182,800 


Am't. 


119, 950 
21, 300 
22,500 
22,950 
22,950 
22,950 
22,950 
22,500 
22,950 
6,150 


15,900 

18,000 

24.000 

9.150 


274,200 


Bridges. 


No. 

Am't. 

It 
It 

$4,600 
4,600 

It 

4,600 

2\ 
It 

9,200 
4,600 

It 

2t 
If 

111 
It 
U 
It 
2t 


2tt 


4,600 
11.000 
4,600 
20,000 
9,000 
7,500 
6,000 
9,000 


Locks. 


No. 


18,500 


118,000 


1** 


Amount. 


1538,035 
174,  663 
174.665 
174.  663 
174,  665 
174,  663 
174,  663 
174.  665 
174,665 
2,116,325 
554,760 


114,415 


4, 720,  825 


1 


$2.  000 

500 

800 

1,000 

500 

900 

500 

500 

800 

2,000 

3.500 

4,000 

3,500 

3,  .500 

3,  COO 

3,500 

3.000 

3,000 

2,000 


38,500 


ri>  wfaieb  add  fur  Lake  Ontario  harbor  two  piers  of  crib- work,  flUed  with  stone,  each  1,000 

feet  long.  20  feet  wide,  and  18  feet  high 

Drvdging  for  pi^m  and  channel  1,000*  X 360^X7.  '5=100.000  cubic  yards,  at  30  cenU 

Itmm  and  dredging  in  the  Niagara  river  at  outlet  of  canal 

Ud  abo  10  per  cent,  for  contingencies 


Total 


Total. 


$646, 

274, 

253, 

253, 

249, 

244, 

271, 

233, 

255, 

2,413, 

1,845, 

1, 759. 

1,190. 

99.3. 

622, 

329, 

283, 

190, 

193, 


359  25 
540  00 
815  00 
840  GO 
362  25 
890  00 
937  20 
493  00 
166  25 
621  00 
109  00 
146  25 
002  25 
479  75 
231  00 
357  OO 
948  00 
236  50 
478  50 


12,526,034  50 


135,000  00 

30,000  00 

50,000  00 

1,252,603  50 


13,993,  638  00 


Bafliog:  draining,  and  clearing. 

L>f^rtlifL 
'35-100  mile. 


t  Common  bridge.  t  Two  16  feet  and  one  15  feet  lift 

II 1  fifteen  feet  and  7  double.  \]  Railroad  bridge. 
1  common  and  1  railroad  bridge  combined,    tt  Guardlock. 
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NIAGARA  SHIP  CANAL,  1867.-EIGHrEENMILE  CREEK,  OR  OLCOTT  ROUTE, 

No.  5. 


Stattmtnt  showing 

by  items  the  estimated  cost  of  each  mUe  and  total  cost  of  the  lehole  work. 

• 

9i 

Excavation  of  earth. 

Excavation  of  tock. 

Embankment. 

S 

Quantity. 

Price. 

AmouDt. 

Quantity. 

Price. 

Amount. 

Quantity. 

Price.     Amonnt. 

1 

Cubic  yds. 

87  278 

10  25 
25 
25 
25 
22 
25 
25 
25 
25 

121.819  50 

7,513  25 

3,  .326  75 

5, 5e9  50 

1.5,  248  50 

30, 18<5  75 

21,536  75 

49,804  50 

,33,417  75 

31.5.30  50 

27,  576  50 

9, 458  00 

5,111  25 

48. 946  00 

49. 075  25 

218.438  75 

312, 478  25 

311.127  50 

300,  332  00 

213.749  25 

179.  085  25 

174.  2:J6  25 

Cubic  yd$. 

Cub.  yd$. 

2 
3 
4 

30,  05.3 

13,307 

22.  :«8 

60,  994 

120,  747 

86,  147 

19i),2I8 

13.3,  671 

126, 122 

17.364 
4,440 

$1  25 
1  25 

$21,705  00 
5,550  00 

18,666 

15.000 
42.  000 
81.067 
73.468 
31,438 

io  25  !      $4. 500  66 
25           3, 750  U) 
25        10  511)  no 

5 

25 

90. 266  75 

6 

25 
35 

18.367  00 

7 



7,859  50 

8 

•«»•••■«•*«•••*• 

9 

30,725 
6,550 

25 
25 

7,681  25 

10 

25 

1.637  50 

11 

110,306 
37,  824 
90,445 

195,  784 

196.  103 
873, 7.'>5 

1,249.913 
1,244,510 
1.2i)  1.328 

25 
25 
25 
25 
25 
25 
25 
25 
25 

12 
13 
14 

29.042 

101,358 

740.  494 

1,751.744 

427,  .554 

1  25 
1  25 
1  25 
1  25 
1  25 

36.302  50 

126,  697  50 

925,  617  50 

2, 189,  (i80  00 

534,  442  50 

18.000 
60,000 

25 
25 

4.500  00 
15,000  00 

15 

16 

17 

18 

19 

VO 

854.  997 

25 

, 

fil 

716.341 
696, 945 
656,  474 
624. 679 
574, 799 
143,  2r>6 

25 
25 
25 

t 

W 

• 

93 

24 

25  :            156   169  7S 

9^ 

25 
25 

143.  699  75 
3,5, 816  50 

... 

(*) 

. 

10, 277, 364 

...... 

2,569,341  00 

3,071,996 

3, 839, 995  00       :n6, 248 

94.063  00 

*  22. 34  chains. 


Eighteen-mile  creek^  or  Olcott  route.  No.  5  — Continued. 


^ 


1 
2 
3 
4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

(Tf) 


Lining  and  graveliDg. 


Quant, 


Cu.  yds. 

3,(KX) 

2.  6iM) 

2,600 

3.000 

7.  6(Ki 

10,  90U 

10, 9(X) 

10,9011 

10,901) 

10.900 

8,600 

2,600 

2,600 

2,  600 

2,6i>0 

6,800 

10,900 

10,900 

10. 901. 

10, 900 

10,900 

10.  900 

10,  90(. 

10.900 

IO,iHMi 

2,600 


199,  80(1 


Riprap  and  nlope  walls. 


Price.' Am  t.   Quant. 


^  50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
.50 
50 


$1,500 
1,300 
1,3U0 
1,  .510 
3,8'K)i 
5,  4501 
5,  4.M) 
5,450! 
5,450 
5.450| 
4, 3:)0; 
1,300 
1,300 
1,3(X) 
1,300 
3,450 
5,450 
5,450 
5.450 
5,450 
5,  450 
5,450 
5,450 
5  450 
5,4.50 
1,300 


Price. 


1  50 
1  50 
1  50 
50 
50 


Cu.  yds. 

3.800$1  50 

3,200 

3,  5(K) 

5.300 
13,000 
16,000 
16,  000| 
16,  GOO 
16.000 
16.  (KM) 
12.  oo;i 

4,500 

4,100 


1 
1 
1  50 


199,900 


7,500 
16,000 
16.000 
16,000 
16,000 
16,000 
16,000 
16,000 
16,000 
16,000 

2,200 


50 
50 
50 
50 


1  50 
1  50 


283,100 


1  50 
1  50 
I  50 
1  50 
1  50 
1  50 
1  50 
1  50 
1  50 
1  50 
i  50 


Am't 


$5.  701 

4, 800 

5, 2.>0 

7,  950 

19,500 

24,000 

24.000 

24.  OOJ 

24,000 

24,000 

18. 000 

6,750 

6,150 


Bridges. 


No. 


1 
1 
1 
1 


11,250 
24,  OOO 
24,000 
24,000 
24,000 
24,000 
24,000 
24.  000 
24, 000 
24.000 
3,300 


424, 650 


1 


1 
1 

1 

211 

1 


I 
1 
1 


1 
1 

211 
1 


2t 


Am't. 


$-1,600 
4,600 
4,600 
4,600 


4,600 


Locks. 


No. 


2 
1 
2 
2 
1 


4,600 


5, 500 
4.6(X) 
4,600 
25,  5« X) 
9,000 


It 


% 


8,000 
8,000 
7,000 


6,000 

6,01X) 

18.  5(K) 

5,500 


19,000 


154,800 


i*> 


Amount. 


$.349,  330 
174, 665 
349.330 
356. 3,M) 
174, 665 


13, 420 


1,253,420 
1, 428, 085 


114,415 


4, 213, 680 


« 

ttt 

a 


Total  per 
mile. 


$2,000 
2,000 
l.aX) 
1,000 
1,000 
1,000 
1,000 
1,000 
1,500 
2.000 
1,000 
1,000 
7,00<i 
12,000 
10,  0(H) 
8,000 
8,000 
8.  COO 
7,000 
7.000 
7.000 
6.000 
7.000 
6.000 
2,500 


111,000 


To  which  add  for  I.4ike  Ontario  harbor  two  piers  of  crib-work  filled  with  stone,  each  1,000 

feet  long.  20  feet  wide,  and  18  feet  high 

Dredging  for  piers  and  channel  (part  rock)  LOCO*  X360'X7.  '5=100,000  cubic  yards  at  50  cents 

Dam  and  dredging  in  the  Niagara  river  at  outlet  of  canal 

Add  also  for  contingencies 


Total 


$29. 

395. 

200. 

380, 

420. 

25:1. 

64. 

BO, 

76, 

77. 

57, 

1,317. 

1.587. 

1,008, 

2,261, 
777, 
357, 
356, 
344. 
250, 
5KJI. 
216. 
218. 
198, 
179. 
176, 


019  50 
748  25 
44175 
469  50 
76.5  25 
66e'7;i 
446  35 
254  50 
149  00 
5.T8  00 
376  50 
328  50 
94:1 75 
363  50 
(105  75 
53125 
928  25 
577  50 
782  08 
199  25 
535  25 
686  25 
068  50 
119  75 
149  75 
33150 


11,507,428  00 


1-35. 000  00 

50,000  00 

50,000  00 

1. 150. 742  00 

12.  893, 170  00 


•  Balling,  drainlncr.  grubbing,  and  clearing.  1 1  culvert.  ^4  single  and  4  double  combined. 

**  Guard  lock.     §  5  siugle  and  4  double  combined.      (]  L  common  and  1  raihroad.  U  22. 31  chains. 
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NIAGARA  SHir*  CANAL— LINE  No.  5  A. 

Himated  east  of  conHiructhig  a  canal  diverging  from  the  line  surveyed 
between  Olcott  and  the  Niagara  river  at  Tonaicanda,  at  the  twentieth  mile^ 
md  interHe<*ting  the  Tonaicandu  creek  at  the  mouth  of  iSawyer\H  creek; 
naking  the  same  dimensions  as  estimated  on  above  mentioned  line,  with 
nrface  of  water  the  same  as  the  Tonawanda  creeky  as  used  for  the  Erie 
final,  being  fotir  feet  higher  than  the  level  of  Niagara  river  at  the  mouth 
fthe  creek — the  length  of  the  line  being  liOO  chains. 

•5,800  cubic  yards  excavation  of  earth,  at  2.1  cents $348,050 

8,400  cubic  yards  slope  wall  and  riprap,  at  $1  50 72,000 

U,<>00  cubic  yards  lining  and  graveling,  at  50  cents 15,300 

2  common  road  bridges - . .     12,000 

1  guard-lock 112,765 

Bailing,  draining,  and  clearing 15,000 

Total 576,015 


NIAGARA  SHIP  CANAL. 

mated  cost  of  constructing  a  ship  canal  between  the  Tonawanda  and 
nffalo  creeks,  diverging  from  the  Tonawanda  at  a  point  two  and  one-half 
ties  above  its  mouth,  and  intersecting  the  Buffalo  creek  at  the  Union 
ran  Works,  about  one-half  mile  above  the  crossing  of  Ohio  street  bridge^ 
\  the  city  of  Buffalo. 

•6,«J00  cnbic  yards  excavation  of  earth,  at  25  cents $1,630,150 

J7,20O  cubic  yards  excavation  of  rock,  at  $1  25 8,530,800 

«,500  cubic  yards  slope  wall,  at  $1  50 120,750 

'3,300  cubic  yards  lining  and  giaveling,  at  50  cents 36,600 

1  single  loi'k,  four  feet  lift 112,765 

24  common  road  bridges 171 ,300 

5  railroad  bridges 70,000 

Bailing,  draining,  and  clearing 160,000 

Total 10,850,360 


timated  cost  of  deepening  Tonawanda  creek,  to  provide  for  fourteen  feet 
le})th  of  water  between  the  mouth  of  Sawyer^s  creek  and  the  point  where 
he  above  estimated  line  diverges. 

000  cubic  yards  excavation  of  earth,  at  25  cents,  $10,000. 

NIAGARA  SHIP  CANAL,  1867. 

Hmated  cost  of  constructing  a  guard-lock  with  wall  19  feet  high,  chamber 

21b  feet  long,  AQfeet  wide. 

,  000  cubic  vards  embankment  and  lining  earth,  at  25 

cents  per  yard $1, 000  00 

,000  cubic  yards  puddling,  at  12  cents  per  yard. 240  00 

,05(J  cubic  yards  concrete  masonry,  at  $4  per  yard 6, 600  00 

850  cubic  yards  masoniy  in  lock  wall,  at  $18  per  yard-  87, 300  00 
OOO  feet,  iJoard  measure,  timber  and  i>lank  in  founda- 
tion, at  $20  per  M 6, 280  00 
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43, 000  feet,  board  measure,  white  oak  in  gates  and  mitre 

sills,  at  $75  per  M $3, 225  00 

47, 000  feet,  board  measure,  white  pine  in  lining  and  gates, 

at  $35  per  M 1, 645  00 

8, 500  pounds  wrought  iron,  (besides  apparatus  for  open- 
ing and  closing  gates,  tilling  and  discharging 

locks,)  at  15  cents  per  pound 1, 275  00 

1, 500  pounds  cast  iron,  (except  as  above,)  at  10  cents  per 

pound 150  00 

6, 000  pounds  spikes  and  nails,  at  10  cents  per  pound . . .  600  00 

Apparatus  for  opening  and  closing  gates 500  00 

Gates  for  filling  and  discharging  water 1, 600  00 

Bailing,  draining,  and  clearing 5, 000  00 

Total 114, 415  00 


NIAGARA  SHIP  CANAL,  1867. 

JEstimated  cost  of  constructing  a  single  lock  15  feet  liftj  275  feet  length  of 
cJiamherj  ^Ofeet  wide,  14:  feet  depth  of  water  on  mitre  sill. 

12, 000  cubic  yards  embankment  and  lining  earth,  at  25 

cent«  per  yard $3, 000  00 

8, 000  cubic  yards  puddling,  at  12  cents  per  yard. 960  00 

1, 350  cubic  yards  concrete  masonry,  at  $4  per  yard 6, 120  00 

800  cubic  yards  rubble,  at  $6  per  yard \ 4, 800  00 

8, 170  cubic  yards  masonry  in  lock  w  all,  at  $18  per  yard.     147, 060  00 
253, 000  feet,  board  measure,  timber  and  plank  in  founda- 
tion, &c.,  at  $20  per  M 5, 060  00 

30, 000  feet,  board  measure,  white  oak  i)lank  in  gates  and 

mitre  sills,  at  $75  per  M 2, 250  00 

38, 000  feet,  board  measure,  white  pine  plank  in  lining  and 

gates,  at  $35  per  M 1, 330  00 

5, 900  pounds  wrought  iron,  (besides  apparatus  for  open- 
ing and  closing  gates,  filling  and  discharging 

locks,)  at  15  cents  per  pound SS5  00 

1, 000  pounds  cast  iron,  (except  as  above,)  at  10  cents  per 

pound 100  00 

5, 000  pounds  spikes  in  foundation,  gat«s,  &c.,  at  10  cents 

per  pound 500  00 

4  sets  gates  for  filling  and  discharging  lock,  at  $275 

per  set 1, 100  00 

4  sets  apparatus  for  opening  and  closing  gates,  at 

$125  per  set 500  00 

Bailing,  draining,  and  cleaning 1, 000  00 

174, 665  00 
Additional  cost  for  lock  of  16  feet  lift : 
390  cubic  yards  masonry  in  lock  waUs,  at  $18  per  yard . .         7, 020  00 

Total 181, 685  00 


% 
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NIAGARA  SHIP  CANAL,  1867. 

mted  cost  to  construct  two  piers  of  double  comhined  locJcSj  (four  Jocks  J 
h  15  feet  lift,  chamber  215  feet  long,  4ti}feet  wide,  Ufeet  depth  of  water 
mitre  silL 

K)  cubic  yards  embankment  and  lining  earth,  at  25  cents 

per  yard $4,000  00 

«0  cubic  yards  puddling,  at  12  cents  \)ev  yard 1,200  00 

0  cubic  yards  concrete  masonry,  at  $4  i)er  yard 19,280  00 

0  cubic  yarfls  rubble,  at  $6  i)er  yard 7,200  00 

0  cubic  yards  masonry  in  lock  walls,  at  $18  per  yard.  486,510  00 
0  feet,  board  measure,  timber  and  plank  in  foundation, 

&c.,  at  20  cents  per  foot 11,680  00 

0  feet,  board  measure,  white-oak  plank,  in  gates  and 

mitre  sills,  at  $75  per  M 6,750  00 

0  feet,  boaM  measure,  white-pine  plank,  in  lining  and 

gates,  at  $35  per  M 4,760  00 

0  pounds  wrought  iron,  (besides  apparatus  for  open- 
ing and  closing  gates,  tilling  and  discharging  locks,) 

at  15  cents  per  pound 3,150  00 

D  X>ounds  cast  iron,  (except  as  above,)  at  10  cents  per 

pound 300  00 

()  x>ouuds  si)ikes  and  nails,  at  10  cents  per  pound 1,600  00 

for  tilling  and  discharging  water 3,300  00 

atus  for  opening  and  closing  main  gates 1,500  00 

5,  draining,  and  clearing 1,500  00 

Total 554,760  00 


NIAGARA  SHIP  CANAL,  1R67. 

ited  cost  of  constructing  a  stone  ctilvert  of  two  semicircular  arches, 
10  feet  diameter,  resting  on  bench  walls,  two  feet  high, 

cubic  yards  excavation  of  earth,  at  25  cents  per  yard,  $1,050  00 
cubic  yards  iiuddling,  including  materials,  at  40  cents 

per  yard 520  00 

feet,  board  measure,  timber  and  plank,  in  foundation, 

at  $25  per  thousand  feet 1,400  00 

pounds  spikes  and  nails,  at  10  cents  i)er  i)ound 100  00 

cubic  yards  masonry  in  arch,  at  $15  per  yard 6,350  00 

cubic  vards  masonry  in  bench  walls,  abutments,  &c., 

at  $10  per  yard 3,000  00 

g,  draining  and  clearing 1,000  00 

Total 13,420  00 

)ectfiilly  submitted. 

CHARLES  E.  BLUNT, 
Lieutenemt  Colonel  Engineers,  Brevet  Colonel  U,  S.  A, 

jral  A.  A.  Hiimphreys, 

Chief  of  Engineers  U.  8,  A.,  Washington,  D.  C 
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E  11. 

Harbor  at  Wihoiij  New  TorJi. 

United  States  Engineer  Office, 

Ostcegoj  Xew  York^  March  10,  18C8. 

Sir:  In  reply  to  lieadqiiarto'S  letter  of  27th  ultimo,  (as  further 
explained  by  that  of  7th  instant,)  transnuttinj?  for  report  a  resolirtion  of 
the  House  of  Representatives  of  the  20th  ultimo,  on  the  subject  of  the 
harbor  at  Wilson,  Niagara  county,  New  York,  I  have  the  honor  to  report 
as  follows : 

One  of  the  lines  surveyed  under  my  direction  for  the  Niagara  ship 
canal  terminates  at  Wilson,  and  it  became  necessary  to  add  to  the  esti- 
mates for  the  canal  proper,  one  for  a  harbor  at  the  mouth  of  Wilson's 
or  Twelve-mile  creek.  There  was  no  time  to  nmke  a  detailed  survey  of 
the  harbor,  or  to  study  out  and  make  in  detail  i)lans  for  improvements. 
A  map  of  a  previous  8urv(\y,  made  at  the  (expense  of  the  United  States, 
which  was  sent  to  me  from  headquarters,  September  26,  18G7,  furnished 
the  information  necessary  for  a  general  estimate  of  the  cost  of  piei^s  and 
dredging. 

Although  I  visited  the  harbor,  T  neither  made,  myself,  any  inquiries, 
nor  took  any  steps  towards  procuring  any  information  upon  the  subjec*t 
of  the  actual  or  prospective  business  of  the  village  or  i>resent  harbor,  or 
its  value  as  a  harbor  of  refuge,  with  a  view  to  its  improvement,  at  the 
expense  of  the  United  States.  I  infer,  however,  that  there  may  be  some 
infornmtion  on  file  at  head([uarters,  from  the  fact  that  the  map  sent  me 
September  20,  1SG7,  contains  reference  letters  which  seem  to  involve 
some  report. 

I  estimate  the  probable  expenditure  at  this  point  to  make  a  liarlwr, 
in  case  the  canal  should  terminate  there,  as  follows : 
Two  piers,  each  1,000  feet  long,  by  20x18  feet,  at  $00  per 

running  foot $120,000  00 

Dredging  between  piers  and  inside,  to  give  a  depth  of  14 

feet,  (dei)th  at  entrance  being  now  only  seven  feet,) 

100,000  cubic  yards,  at  33  cents  per  yard/ 35,000  00 

Total ir)r),0(K)  00 


Of  course,  if  the  canal  should  enter  Lake  Ontario  at  the  mouth  of  Wilson's 
creek,  there  can  be  no  question  as  to  the  necessity  of  the  exi>endituiv  of 
funds  by  the  United  States;  but  in  case  it  should  not  so  terminate,  the 
question  becomes  an  entirely  ditterent  one,  as  to  which  my  duties  in  con- 
nection with  the  canal  surveys  require  no  investigation,  and  I  made 
none  accordingly ;  and  it  is,  therefore,  not  in  my  power  to  communicate 
any  detailed  information  as  to  the  second  branch  of  the  congressional 
resolution,  as  to  the  **imi)ortance  and  propriety  of  Congress  making  an 
appropriation  for  the  im])rovement  of  said  harbor ;"  that  is,  1  supi)ose, 
independent  of  the  canal  question. 

If  I  correctly  understand  the  la.st  paragiaph  of  the  explanatory  letter 
fiom  headquarters  of  the  7th  instant,  the  requirement ''  to  furnish  such 
information  as  I  possess,  relative  to  the  importance  and  propriety,  &c., 
&c.,''  does  not  include  the  expression  of  my  private  opinion  as  to  such 
importance  or  i)ropriety,  and  1  therefore  confine  myself  to  the  stat<?ment 
of  such  focts  as  I  accidentally  possess. 
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J.  The  United  States  bave  never,  so  far  as  I  am  informed,  m,ade  any 
*i/)eiiditm*es  at  this  i)oint. 

2.  It  is  12  miles  east  of  the  Niagara  river  and  six  miles  west  of  Oleott, 
Eig/itoen-mile  creek.)  For  Olcott  Congress  has  made  one  apinopria- 
OD  of  ^60,000,  (which  will  be  applied  this  year  in  piers  and  dredging,) 
id  has  been  asked  for  another  of  the  same  amount ;  one  object  of  said 
jpropriations  being,  I  suppose,  the  formation  of  a  harbor  of  refuge. 
3.  There  is  a  loi'al  business  at  the  harbor  which,  I  doubt  not,  would 
increased  and  benefited  by  the  extension  of  the  present  private  piers, 
d  additional  dredging. 

L  Tliese  private  piers  are  about  300  feet  long,  with  a  channel  of  150 
t.  They  were  built  and  are  now  undergoing  repair  at  private  expense, 
1  some  dredging  has  been  done  and  more  is  proposed,  also  at  private 
)ense.  I  do  not  think  that  over  seven  feet  draught  can  now  be  car- 
1  in. 

i.  Should  Congress  judge  it  important  and  proper  to  appropriate 
ney  for  the  improvement  of  this  harbor  without  reference  to  the  shix) 
lal^  I  would  respectfidly  suggest  an  estimate,  as  follows : 

'  feet  extension  of  each  pier,  800  feet  in  all,  at  850  per 

anniug  foot $40,000  00 

edging  30,(K)0  cubic  yards,  at  30  cents  per  yard 9,000  00 

itingeut  exi)enses 1,000  00 

Total 50,000  00 

Yerv  respectfully,  sir,  your  obedient  servant, 

C.  E.  BLUNT, 
Lieutenant  Colonel  of  Engineers^  Brevet  Colonel, 

leneral  A.  A.  Humphreys, 

Chief  of  Enfjineers,  United  States  Army^ 

Headquarters  Corps  of  Engineers^  Washington, 


E12. 

United  States  Engineer  Office, 

Osicego^  Xew  YorJCj  November  30,  1867. 

BiE:  xVs  directed  by  headquarters  letter  of  28th  October,  1867, 1  have 
ide  an  examination  of  the  harbor  of  Port  Ontario,  at  the  mouth  of 
Imon  river.  Lake  Ontario,  N.  Y.,  have  obtained  such  statistics  and 
her  information  as  I  coidd,  and  such  i>rofile8  and  soundings  as  the 
teness  of  the  season  would  permit,  and  have  the  honor  to  submit  my 
port  upon  the  subject,  as  required  by  my  instructions.  A  map  of  the 
eality  is  also  submitted.  It  is  based,  in  part,  upon  a  recent  survey 
fcich  I  obtained  in  the  land  office  at  Pulaski,  and  in  part  ux)on  levels, 
easiirements  and  soundings,  taken  under  my  own  direction.  In  con- 
qnence  of  the  setting  in  of  the  fall  gales,  which  have  been  constant  since 
e  receipt  of  my  instructions,  and  which  cause  a  heavy  sea  and  breakers 
WD  the  shore  in  the  vicinity,  it  has  been  impracticable  to  procure  any 
ODdings  except  in  the  river  and  i)ond;  and  one  datum,  the  disUince  of 
t  fifteen-foot  curve  from  the  shore,  could  not  be  acciu-ately  obtained. 
is  datum  and  its  dependent,  the  length  of  the  piers  required,  has 
a^ore  been  assumed  ui)on  information  obtained  at  the  harbor,  and 
m  Lieutenant  Smead's  rei)Oit,  hereinafter  referred  to. 
19  w— Part  U 
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Salmon  river  is  a  stream  of  some  considerable  magnitude,  wLicli 
enters  into  Mexico  bay,  Lake  Ontario,  about  twenty  miles  east  of 
Oswego.  The  insignificant,  decaying  village  of  Port  Ontario,  thirty 
years  ago  the  site  of  a  grand  land  speculation,  is  about  a  mile  above 
its  mouth.  The  river,  in  its  lower  portion,  is  winding,  with  low, 
marshy  shores,  and  islets  which  are  covered  in  freshets,  and  at  the  high 
stage  of  the  lake.  Its  outlet  has  probably  been  more  than  once  changed 
by  the  action  of  the  lake  upon  the  flat,  sandy  shores,  and  one  of  these 
changes  has  doubtless  caused  the  basin,  now  called  Selkirk  pond,  which 
is  shown  upon  the  map.  Tlie  river  now  enters  the  lake  over  a  bar  about 
six  inches  in  depth,  in  a  line  nearly  parallel  to  the  beach,  and  at  right 
angles  to  its  previous  comse.  At  this  entrance  are  still  visible  tlie 
remains  of  two  piers,  built,  I  understand,  by  the  United  States  twenty- 
five  or  thirt}'  years  ago,  and  also  an  abandoned  light-house. 

These  piers  (shown  upon  the  map  with  this  rei>ort)  do  not  seem  to  me 
to  have  been  very  judiciously  located,  for  reasons  which  cannot  be  better 
stated  than  in  the  language  of  a  report  made  Sei>teinber  20, 1836,  to 
Col.  J.  J.  Abert,  by  Lieut.  II,  C.  Smead,  U.  S.  A.  Lieut.  Smead,  refeixing, 
it  would  seem,  to  a  proposed  plan  of  improvement  at  this  point,  which 
(or  something  similar)  was  i)robably  partially  carried  into  execution, 
says: 

The  present  entrance  would  be  a  very  difficult  and  dangerous  one,  even  if  the  bars  were 
removed.  A  vessel  coming  from  the  west,  before  the  wind,  would  be  under  the  necessity  ot 
running  almost  on  a  lee  shore  before  changing  her  direction,  and  then  turning  9u^  to 
the  right,  in  a  space  so  narrow  as  to  allow  np  lee  way;  she  would  therefore  be  in  immioent 
danger  of  going  ashore  in  the  act  of  luffing.  The  plan  submitted  by  Mr.  Hngunin  does  not 
remove  the  evil,  but  rather  increases  it,  as  a  vessel  could  generally  shape  her  course  so  as  to 
enter  the  natural  mouth  obliquely  from  the  northwest,  but  if  improved  according  to  his  plan, 
she  must  come  square  in,  and  turn  a  right  angle  in  a  channel  two  hundred  feet  wide,  which 
appears  to  me  to  be  impossible  to  be  accomplished  in  safety  in  a  gale  from  tbo  west,  with  a 
heavy  sea  rolling  in  between  the  piers.  Indeed,  I  believe  it  to  be  impracticable  to  make  a  safe 
and  convenient  entrance  ihat  shall  follow  the  present  channel  of  the  river. 

For  these  reasons,  with  which  my  own  oi)inion  entirely  agrees,  I  can- 
not recommend  any  expenditure  whatever  at  the  present  entrance  of  the 
river 

In  order  to  obtain  a  better  entrance  to  the  harbor,  it  is  my  opinion 
that  the  present  outlet  of  the  river  should  be  closed  by  a  dyke,  and  a 
new  and  direct  one  cut  through  the  narrow  sand-spit,  or  point,  which 
now  divides  it  from  the  lake. 

Appearances  seem  to  indicate  ancient  outlets  through  this  spit,  which 
have  been,  as  above  referred  to,  closed  by  the  action  of  the  lake,  in 
drifting  the  fine  sand  of  which  the  shores  in  the  vicinity  seem  wholly 
composed.  The  sides  of  this  cut,  which  shoidd  be  200  feet  wide  at  least, 
should  be  protected  by  crib-work,  and  the  new  channel  or  mouth  dredge<l 
out  to  12  feet  depth  at  low  water.  A  pier  should  be  cairied  out  into 
the  lake  on  the  prolongation  of  the  south  side  of  this  new  opening  to  at 
least  15  feet  depth  at  low  water^  which  would  be,  it  is  believed,  1,000 
feet  long.  A  light-house,  on  a  i^ier-head  of  sufficient  size,  will  also  be 
absolutely  necessar}'.  A  north  pier  is  not  necessary  as  a  barrier  against 
drift  material  from  the  north,  but  will  be  needed  to  confine  the  cuixent 
of  the  river,  and  assist  its  action  in  keeping  the  channel  clear,  as  well 
as  to  give  smoother  water  in  entering  the  harbor.  This  north  pier 
should  not  be  less  than  400  feet  in  length.  The  distance  between  these 
I)iers  shoidd  not  be  less  than  200  feet.  Any  lesser  opening  would  render 
the  access  in  gales  very  difficult.  In  any  case,  the  entrance  can  scarcely 
be  so  easy  as  that  of  Oswego  harbor,  which  is  350  feet  wide,  and  a  vessel 
missing  that  could  scarcely  expect  to  succeed  in  entering  Salmon  river, 
even  with  an  ecpial  width  of  entrance. 
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le  distance  between  the  piers,  however,  is  made  p^eater  than  200 
B  river  will  not  be  able  to  keep  the  channel  scoured  out.  Indeed, 
(lieved,  from  all  the  appearances  and  information  which  can  be 
that  this  entrance  will  require  more  or  less  annual  dredging  to 
a  sufficient  depth  of  water,  and  to  counteract  the  tendency  of 
causes  to  close  all  the  entrances  by  bars. 

K)sition  of  the  old  piers  is  favorable  to  smooth  water  in  the  river 
and  a  direct  cut  with  piers  into  the  lake  must  of  course  cause  a 
amoimt  of  sea  inside  when  there  is  a  westerly  gale, 
liis  reason,  and  because  the  channel  of  the  river  will  not  give 
it  space  for  a  harbor,  as  the  plan  clearly  shows,  and  to  obtain 
it  harbor  and  anchorage  room,  the  basin  called  Selkirk  pond 
l>e  dredged  out  to  at  least  10  feet  at  low  water.  The  river  chan- 
f  will  also  require  some  dredging,  as  appears  by  tlie  soundings, 
these  views  as  the  basis  of  my  calculations,  viz,  the  closure  of  the 
channel,  cutting  a  new  one  at  least  200  feet  wide  through  the 
it  at  or  near  the  low  place  called  the  "wind-gap,"  to  be  dredged 
2  feet  low  water,  and  protected  by  crib-work  on  each  side,  vrith  two 
u  out  into  the  lake  in  a  dii*ection  nearly  northwest  and  southeast, 
:h  pier  400  feet  and  the  south  pier  1,000  feet  long,  the  latter  pre- 
)r  a  light-house  or  beacon-light;  dredging  out  the  channel  of  the 
arthe  new  cut  and  between  the  new  i)iers  outside,  and  dredging 
the  middle  of  Selkirk  pond,  to  give  at  least  10  feet  at  low  water, 
imates  of  cost  will  be  as  follows: 

ongh  spit,  above  low  water  at  narrowest  point,  called 
id  Gap,"  11,713  cubic  yaitls  of  sand  excavation,  at 

its $3, 5ia  9^^ 

I    through  spit,  200  feet  wide,  with  12  feet  water, 

L  cubic  yards  dredging,  at  25  cents G,  955  25 . 

ig  outside  and  between  piers  TOO'  x  240'  x  G'=37,100 

,  at  26  cent« 9, 275  00. 

rk  to  protect  sides  of  cut,  300' x  2=000'  long  at  $25 

Linning  foot 15, 000  00. 

der  AW  feet  long,  of  cribs  30  feet  long,  20  feet  wide, 
.5  feet  average  height,  at  $50  per  running  foot,  com- 

20,000  00. 

>ier,  1,000  feet  long,  at  same  prices 50^000  00. 

Duse  Head,  40  feet  square * 5, 000  00 

ig  in  river  80,500  cubic  yards;  dredging  in  Selkirk 

;i09,600  cubic  yards=390,100  yards,  at  25  cents ^7, 525  00 

^nt  expenses 1,  730  00 

al  cost  of  improvement 209, 000  00 


timate  is  made  of  the  cost  of  closing  the  present  entrance,  as 

1  be  done  by  depositing  in  it  the  materials  removed  in  dredging. 

ficult  to  see  how  this  can  be  materially  reduced.     The  heavy 

dredging  out  Selkirk  pond  cannot  be  omitted,  if  any  harbor 

to  l>e  x)rovided,  and  it  is  doubtful  whether  the  widrh  between 

s  should  not  be  300  feet  instead  of  200  teet.    At  Oswego  it  is 

and  the  difficulty  of  eutiance  will  be  greater  at  Salmon  river. 

th  at  Charlotte  is  300  feet. 

?  the  u.se  of  tugs  at  Oswego,  it  was  almost  impossible  for  ves- 
eave  Oswego  harbor  with  a  wind  blowing  fresh  from  the  west- 
[iiis  difficulty  would  be  still  greater  at  Salmon  river,  and  there 
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is  not  now,  nor  is  likely  to  be,  suflficient  business  to  induce  tugs  to  lie  ia 
the  new  harbor  for  the  purpose  of  bringing  vessels  in  or  out.  Thefacnl- 
ities  for  ent<?ring  Oswego  harbor,  arising  from  this  use  of  tugs,  are  much 
greater  than  they  were  30  years  ago,  when  Lieutenant  Smead's  r<.*port 
was  written.  This  remark  brings  me  miturally  to  the  second  portion  of 
the  report  which  I  am  required  to  make,  viz :  "  the  necessity  or  other- 
wise of  a  harbor  of  refuge  in  that  vicinity,  stating  statistics  of  the  loss 
of  life  and  property  that  may  have  accrued  from  the  want  of  such  harhor." 
Before  entering  into  this  subject,  however,  it  ma^^  not  be  amiss  to  give 
tlie  few  figures  I  have  been  able  to  obtain,  bearing  upon  the  business  of 
the  village  of  Port  Ontario,  which  is  a  port  of  entry. 

Value  of  imports  during  year  ending  June  30,  1867 $896  21 

Duties  collected  during  year  ending  June  30, 1867. 154  48 

Foreign  arrivals  22,  coastwise  10.  Foreign  clearances  6,  coastwise  9. 
The  discrepancy  between  arrivals  and  clearances  is  accounted  for  by 
the  fact  that  some  vessels  after  reporting  at  Port  Ontario  subsequently 
came  to  Oswego,  for  which  place,  being  in  the  same  district,  no  actiuU 
clearance  is  required. 

Presuming  the  question  as  to  the  necessity  of  a  harbor  of  refuge  iu 
this  vicinity,  1  quote  from  the  report  of  Lieutenant  Smead,  made  Sep- 
tember 20,  1836,  and  before  referred  to.  He  says :  "  From  its  pof?itioD, 
(meaning  Mexico  bay,)  oi)ening  to  the  northwest,  from  the  direction  of 
the  prevailing  winds,  and  from  the  fact  that  there  is  no  harbor  between 
Oswego  and  Sackett's  Harbor,  into  which  vessels  can  run  in  a  gale,  it  is 
extremely  dangerous  to  the  navigation  of  the  lake. 

"Vessels  driven  into  it  in  a  west  or  northwest  gale  are  past  all  hope 
of  safety;  they  must  inevitably  be  driven  ashore,  and  that  too  on  a 
beach  so  shallow  that  they  gronnd  and  go  to  pieces,  some  two  or  three 
hundred  yards  from  the  shore,  and  the  crews  almost  ine^tably  perish. 
Many  melancholy  instances  of  this  kind  have  occurred,  and  many  valuable 
lives  been  lost  for  want  of  a  port  of  refuge  on  this  dangerons  coast.    In 
this  view  of  the  subject,  the  improvement  at  the  mouth  of  Salmon  river 
is  a  work  of  the  utmost  consequence  to  the  lake  navigation  generally, 
to  say  nothing  of  the  smart  little  places  which  are  springing  into  exist- 
ence on  its  navigable  waters,  which  this  improvement,  the  Watertown 
and  Rome  railroad,  which  will  pass  near  the  place,  and  a  rich,  fertile 
country  around  it,  cannot  fail  to  make  places  of  some  importance.    Ita 
principal  value,  however,  will  be  as  a  port  of  refuge."    This  reasoning 
is  as  good  today  (for  sailing  vessels)  as  when  it  was  written,  though  his 
anticipations  as  to  the  growth  of  Port  Ontario,  and  other  villages,  have 
not  been  fulfilled.    I  have  obtained  from  A.  D.  Harrington,  of  Selkirk, 
at  the  mouth  of  Salmon  river,  a  statement  relating  to  the  loss  of  vessels 
in  Mexico  bay,  a  copy  of  which  1  transmit  with  this  report,  and  from 
which  it  appears  that  since  the  old  light-house  was  abandoned,  in  1854, 
twenty-two  vessels,  with  an  aggregate  tonnage  of  about  2,200  tons,  have 
gone  ashore  within  10  miles  of  Salmon  river ;  sixteen  of  which  vessels 
were  a  total  loss,  with  a  loss  of  three  lives.    Whether  the  .loss  of  all  or 
any  of  these  vessels  would  have  been  prevented,  had  there  been  a  har- 
bor of  refuge  at  Salmon  river,  or  whether  all,  or  any  of  them,  had  pre- 
viously attempted  and  failed  to  enter  Oswego  harbor,  I  have  not  been 
able  to  learn.    I  have  endeavored,  without  success,  to  obtain  from  the 
vicinity  of  Port  Ontario  some  written  expression  of  the  wishers  and 
views  of  that  neighborhood  as  to  the  expenditure  of  public  money  at 
this  point. 

I  also  endeavored  to  obtain  the  views  of  masters  of  vessels  navigat- 
ing the  lake,  a  very  large  proportion  of  whom  are  to  be  found  at  Oswego 
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Ski  this  season  of  the  year;  and  it  having  been  generally  understood 
t:hat  I  wished  for  some  statement  upon  the  subject,  the  i)a|)er  herewith, 
marked  P,  has  been  sent  to  me,  from  which  it  would  seem  that  many 
persi>ns  whose  opinions  may  be  supposed  of  value  do  not  realize  the 
necessity  of  a  harbor  of  refuge  at  this  point. 

The  map  accompanying  this  report  shows  the  harbor,  so  called,  with 

the  improvements  I  deem  necessary,  if  it  should  be  decided  to  make  it 

2i  harbor  of  refuge.     It  shows  also  in  a  sub-sketch  the  position  of  Salmon 

river  relative  to  Osw^ego,  Sackett's  Harbor,  and  the  east  end  of  Lake 

Ontario  in  general. 

Respectfully  submitted. 

CHAELES  E.  BLLTNT, 
Lieutenant  Colonel  Engineers,  Brevet  Colonel  U.  S.  A. 

General  A.  A.  Humphreys, 

Commajiding  Corps  of  Engineers,  Washington,  D.  C, 


APPENDIX  F. 

^finual  report  of  operations  for  improving  the  harbor  of  Flatt^htirg,  Xew 

York,  for  the  Jiseal  year  ending  June  30,  iSGS. 

This  harbor  was  not  placed  in  my  charge  until  after  the  work  of 
L^xebttildiug  the  upper  i)ortion  of  the   breakwater  had  been  completed 
rjmder  the  superintendence  of  Brevet  Colonel  C.  E.  Blunt,  corps  of  engi- 
'^    rs.    $6,000  then  remained  from  the  appropriations  applicable  to  this 

The  breakwater  has  been  thoroughly  rebuilt,  yet  the  harbor  is  in  a 

plimible  condition,  ow  ing  to  a  large  deposit  of  sand,  mud,  &c.,  near 

wharves,  particularly  the  southern,  forming  a  shoal  of  sutticient 

itude  to  seriously  interfere  with  the  passiige  of  vessels  of  even  light 

ught.     This  deposit  w  as  derived  princii)ally,  I  think,  from  the  bank 

the  goverimient  reservation  south  of  the  harbor,  and  was  conveyed  to 

present  i)osition  in  the  following  manner,  viz:  heavy  southern  Avinds 

the  water  of  the  lake  with  gi^eat  violence  against  this  bank,  and 

at  the  same  time  a  local  current,  wiiich  carries  with  it  the  soil 

hed  from  this  bank,  along  the  shore  to  tbe  northward,  until  meeting 

line  of  the  south  wharf  it  is  deflected  towards  the  breakwater,  wben, 

oantering  the  return  cunent  from  that  structure,  and  also  the  two 

ral  currents  flowing  around  either  end  of  the  breakwater,  neutraliza- 

of  these  forces  occurs  ami  the  suspended  matter  is  necessarily 

)site<l.     A  very  small  i)ercentage  of  this  deposit  may  be  brought  in 

the  lake  bj*  the  two  lateral  currents  above  referred  to.    The  loca- 

of  the  breakwater  is  somewhat  objectionable.     A  i)osition  further  to 

e  eastward  would  have  been  less  liable  to  produce  the  evil  etiects 

I  by  its  present  situation. 

The  most  efficient  and  probably  the  most  economical  i)lan  for  prcserv- 

the  requisite  depth  of  water, after  the  same  shall  have  been  obtained 

drwigiag,  is  to  protect  the  bank  from  which  the  abrasion  occurs  by 

jtoe  suitable  revetment;  for,  as  long  as  the  removal  of  this  material  by 

action  of  the  sea  is  possible,  there  can  be  no  i)ermanent  security 

igaiiist  the  recurrence  of  the  present  difficulty.     The  revetment  of  this 

k  would  also  preserve  the  government  land  which  is  now  rapidly 

ppearing. 
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About  1,000  lineal  feet  of  rubble-stoue  revetment  three  feet  thick,  laid 
upon  a  slope  of  one-half,  and  carried  to  a  height  of  11  feet  above  low 
water,  would  be  required. 

[For  diagram  see  original.] 

To  meet  the  increasing  commercial  interests  of  this  harbor,  and  to 
afford  protection  to  the  new  wharves  belonging  to  the  railroad  organizii- 
tion,  recently  built  beyond  the  line  covered  by  the  present  breakwater, 
an  extension  to  the  northward  of  about  300  feet  seems  very  desirable 
and  necessary.  The  cost  of  this  extension  at  present  i>rices  of  uiat^rial 
and  hibor  would  be  about  8-5,000. 

It  was  Colonel  Blunt's  recommendation,  in  which  I  fully  concur,  tbat 
the  balance  of  $6,000,  now  applicable  to  the  improvement  of  this  harbor, 
should  be  at  once  expended  in  dredging.    This  amount  being  inadequate 
to  obt^ain  the  necessary  depth  of  water,  I  was  directM  by  department 
letter  of  May  2  to  exercise  my  judgment  as  to  the  i)ropriety  of  commenc- 
ing any  work  until  after  it  was  ascertained  whether  Congress  would 
appropriate  an  additional  sum  for  this  object  during  its  present  session. 
Fearing  that  the  desirable  season  for  dredging  might  pass  before  the  bill 
in  question  slipuld  receive  the  sanction  of  Congress,  and  in  view  of  the 
pressing  necessities  for  some  melioration  in  the  condition  of  the  harbor, 
I  decided  to  advertise  at  once  inviting  bids  for  removing  about  12,000 
yards  of  this  shoal.    A  copy  of  this  advertisement,  with  abstract  of  pro- 
posals received  under  it,  is  appended  herewith.    Mr.  Van  Insen's  offer, 
being  lower  than  any  other,  was  acce])ted,  and  it  is  hoi)ed  that  he  will 
enter  in  to  contract  an  (l.commence  operation  s  without  delay.    The  removal 
of  12,000  yards  of  material  from  the  vicinity  of  the  wharves  wmII  greatly 
increase  the  efficiency  of  the  harbor,  giving  to  it  a  depth  of  about  seven 
feet  six  inches.    This  should  ultimately  be  increased  to  9  feet,  or,  better 
still,  10  feet.    The  a])propriation  of  $10,000  which  is  expecte<l  from  the 
present  Congress  will  be  ample  to  secure  the  requisite  depth  of  water  in 
all  ])arts  of  the  harbor,  but  in  order  to  niaintain  this  depth  additional 
periodicjil  approjuiations  will  be  necessary,  unless  by  x>rot^cting  the  bjvnk 
of  the  government  reservation,  in  the  manner  heretofore  indicated,  this 
constant  source  of  expenditure  shall  be  prevented. 
*  The  amount  required  for  the  entire  and  permanent  completion  of  this 
w^ork  would  be  as  follows : 

Dredging $1G,  000 

Revetment 7, 000 

Extension  of  breakw^ater 25, 0(K) 

Contingencies 2, 000 

Total 50,000 


Amount  to  be  profitably  expended  during  next  fiscal  year,  $10,000. 

Name  of  collection  district,  Champlain;  nefirest  port  of  entry,  Platts- 
burg;  nearest  light-house,  Cumberland  Head;  nearest  fort,  Fort  Mont- 
gomery. 

Amount  of  revenue  collected  during  the  fiscal  year  ending  June  30, 
1868,  $101,877  02. 

Four-fifths  of  the  entire  commerce  of  Lake  Chami)lain  will  be  benefited 
by  improving  this  harbor.  Amount  of  cash  received  by  me  during  year, 
$712  38;  expended,  nothing. 

Respectfully  submitted. 

J.  W.  BARLOW, 
Captain  of  Engineers^  and  Brevet  Lieutenant  Colonel  U.  S,  A. 
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Abttraet  of  proposals  for  dredging  the  harbor  of  Plattsburg,  New  York, 


Xames  of  bidden. 


Names  of  raretieii. 


E.B.V«n  I>iiwn,Ged- 

dr*.  X.  Y.' 

Emory  R.  inward,  Al- 
Ijany,  N.  Y.t 

Emory  R-  Seward,  Al- 
bany. N.  Y.t 

Larb<^  Whitney 


W.  H.  H.  Gere  and  N.  Stanton 

Gere,  Geddet»,  N.  Y. 
Jamett  J.  Belden  and  Henry 

D.  Deuitfon.  Syracuse,  N.  Y. 
James  J.  Belden  and  Henry 

D.  DeniKon,  Syracuse.  N.  Y. 
O.    C.   Mitchell    and    Hiram 

Tracy,  Burlington,  Vt. 


Price  If  received  by  the 
United  States  in  boats. 


29  cents  per  cubic  yard 

of  sand. 
35  cents  per  cubic  yard 

of  sand. 


Price  if  deposited  outside 
thf  breakwater  in  the 
lake. 


33  cents  per  cubic  yard 
of  saud. 


40  cents  per  cubic  yard 

of  sand. 
GO  cents  p»?r  cubic  yard 

of  sand. 


*  Contract  awarded  to  this  bidder  who  failed  to  conclude  a  contract. 

t  This  bid  was  afterwards  accepted  and  a  contract  executed  with  Mr.  Seward. 

The  above  abstract  is  correct. 

J.  W.  BARLOW, 
Captain  of  Engineers  and  Bvt.  Lient,  Colonel  U.  S.  A, 


To  contractors  for  dredging. 

United  States  Engineer  Office, 

Burlington,,  Vermont^  June  5,  186S. 

Sealed  proposals  will  be  received  by  the  undersigned  until  the  27th 
Mnstant  for  the  immediate  removal  of  about  12^000  yards  of  sand  from  the 
^iboal  now  existing  between  the  breakwater  and  the  wharves  of  the  har- 
iborofPlattsburg,  New  York.    The  material  excavated  will  be  measured 
the  boat«  under  the  direction  of  an  agent  of  the  government,  and  will 
ccmveyed  by  the  persoiis  who  pertbrm  the  dredging  beyond  the  break- 
ater  and  deposited  in  the  lake,  or  be  received  by  the  United  States  as 
n  as  placed  in  the  boats.    Bids  for  peiforming  this  work  in  either 
nner  are   solicited.    The  i)roposals  will  be  oijened  at  12  m.,  and 
bidders  are  invited  to  be  preseut.    Proposals  must  be  in  duplicate, 
foarante^d,  and  made  out  according  to  prescribed  forms,  blanks  for 
▼hieh  may  be  obtained  at  this  office.    They  should  be  indorsed,  ''Pl-o- 
poHals  for  dredging  harbor  of  Plattsburg,"  and  addressed  to 

J.  W.  BARLOW, 
Brevet  Lieutenant  Colonel  U.  S.  A. 


F  1. 

Annual  report  of  operations  for  improving  the  harbor  at  Burlington^  Yer- 

montjfor  the  fiscal  year  ending  June  30, 18G8. 

The  improvement  of  this  harbor  is  to  be  effected  by  adding  to  the 
present  breakwater  an  extension  of  1,500  feet  in  a  northerly  direction,  thus 
^Fotecting  those  wharves  which  are  now  exposed  to  the  action  of  south, 
toathwest,  and  west  winds,  and  at  the  same  time  nuTcasing  the  capacity 
iirfthe  harbor.  The  location  and  form  of  the  new  breakwater  was  settled 
in  June,  18C7,  by  a  board  of  engineers  consisting  of  the  following  members, 
viz:  Brevet  Brigadier  General  Hartman  Baehe,  colonel  of  engineers. 
Brevet  Brigadier  General  George  Thom,  lieutenant  colonel  of  engineers, 
Brevet  Colonel  C.  E.  Blunt,  lieutenant  colonel  of  engineers. 
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The  board  assembled  at  Burliiij^on,  Vermont,  on  the  15th  June,  1867, 
and  after  consideration  of  the  subject,  reported  as  follows : 

The  position  of  the  breakwater  shall  be  from  the  north  end  of  the  old  breakwater,  on  a 
line,  in  about  29  feet  of  water,  parallel  with  the  general  direction  of  the  shore,  until  it  meet« 
a  line  drawn  from  about  the  middle  of  the  wharfage  to  Rock  Point.  That  the  mode  of 
construction  of  the  breakwater  shall  be  by  crib-work  ballasted  with  stone,  the  cross-sectioD 
of  which  shall  be  rectangular,  with  a  base  of  30  feet  and  a  height  of  40  foet. 

Tliis  report  was  approved  by  the  chief  of  engineers,  and  by  letter  of 
June  17,  18G7,  Colonel  C.  E.  I31uut  was  direct-ed  to  carry  the  plan  pro- 
posed by  it  into  efl'ect. 

The  charge  of  this  work  was  transferred  to  me  by  Colonel  Blunt,  by 
letter  of  December  12,  1867,  in  obedience  to  engineer  orders  a^o.  133, 
dated  Washington,  December  4, 18G7,  and  soon  afterwards  the  drawings, 
papers,  and  funds  relating  to  the  work  were  turned  over  to  me  in  com- 
pliance with  the  same  order.  The  design  for  the  cribs,  recommended  by 
Colonel  Blunt,  was  in  accordance  with  the  decision  of  the  board,  being 
30  feet  by  40  feet  by  80  feet,  to  be  constructed  with  square  timber,  formed 
and  bolted  together,  and  divided  into  compartments  about  nine  feet 
square.  The  flooring  of  3-inch  x)lank  to  be  placed  five  feet  above  the 
lower  course  of  timber.  The  cribs  to  be  filled  above  the  floor  with  stones 
of  specified  dimensions. 

Before  transferring  the  charge  of  the  work  to  me.  Colonel  Blunt  had 
perfected  all  the  necessary  contracts,  except  that  for  the  timber,  &c. 
But  it  was  expected  by  the  department  that  L.  B.  Piatt,  of  this  city,  the 
successful  bidder  for  this  class  of  material,  would  execute  the  contracts 
then  in  his  hands,  under  the  supervision  of  Colonel  Blunt,  who  had 
already  adjusted  with  Mr.  Piatt  all  necessary  preliminaries.  Mr.  Piatt's 
continued  delay,  much  beyond  the  time  allotted  to  him  for  closing  his 
business,  awoke  the  anxiety  of  the  department,  mor(y  particularly  so 
since  the  previous  working  season  had  been  lost  by  the  failure  on  the 
part  of  contractors  to  complete  contracts  which  had  been  awarded  to 
them.  By  department  letter  of  December  23,  1807, 1  was  directed  to 
give  attention  to  the  perfecting  of  contmcts  that  were  not  already  com- 
pleted under  Colonel  Blunt's  last  advertisement  for  this  work.  Nothiug 
further  than  to  continuouvsly  urge  Mr.  Piatt  to  execute  his  contract  \sitli 
Colonel  Blunt  could  be  done  by  me  under  this  order,  until,  ha\ang  become 
at  last  satisfied  that  he  would  probably  fail  to  conclude  a  contract  under 
his  proposal,  I  notified  the  department  by  letter  of  Janujiry  15,  1808,  of 
this  continued  delay,  and  of  my  impreSvsion  regarding  it.  By  telegraphic 
order  of  the  17th  of  the  same  month,  the  matter  was  placed  entirely  in 
my  hands,  with  directions  to  conclude  a  contract  with  L.  B.  Piatt.  In 
reply  to  this  letter,  I  sent  the  following  letter  to  the  chief  of  engineers : 

Burlington,  Vermont,  January  17,  1868. 

General:  I  have  the  honor  to  acknowledpe  receipt  of  telegraphic  order  of  toilay,  direct- 
ing: ine  to  take  charge  of  all  transactions  relating  to  the  breakwater,  and  to  conclude  a  con- 
tract with  L.  B.  Piatt.  I  infer  that  this  order  was  given  under  the  impression  that  L.  B. 
Piatt  is  ready  to  execute  the  contract  for  timber  in  accordance  with  the  proposals  made  by 
him  to  Colonel  Blnnt,  as  follows:  115,000  cubic  feet  12  by  12  inches,  hemlock,  at  12^  cents 
per  cubic  foot,  in  lengths  of  32  feet  and  upwards;  25.000  board  measure  3-iuch  hemlock 
plank,  at  $17  per  thousand  ;  33,000  cubic  feet,  12  by  12  inches,  pine,  at  22|  cents  per  cubic 
foot;   14,000  board  measure  3-iuch  pine  plank,  at  $25  per  thousand. 

The  three  last  items  of  this  bill  he  will  contract  to  furnish  as  above ;  the  first,  however,  be 
now  declines  to  provide  for  less  than  18  cents  per  cubic  foot,  giving  as  a  reason  the  advance 
in  pric«  of  that  kind  of  timber,  between  the  dates  of  his  proposal  ana  its  acceptance.  In  lieu 
of  the  first  item  he  will  furnish,  if  desired,  either  of  the  following: 

Heujlock.  spruce,  pine,  or  ash,  flat  timber,  10  inches  thick,  H  inches  face  at  small  end,  in 
lengths  of  32  feet  aud  upwards,  at  14  cents  per  foot;  flat  timber  12  inches  thick,  6  inches 
face  at  sniall  end,  in  lengths  of  25  feet  and  upwards,  at  16  cents  per  foot ;  round  timber  10 
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inches  diameter  at  small  end.  at  12  cents  per  foot;  hemlock  timber  in  lenghts  of  32  feet  and 
upwards,  hew«^  on  three  sides,  with  12-inch  faces,  not  over  two  inches  sweep  in  a  stick,  for 
3r*  cents  per  lineal  foot 

Colonel  Piatt  claims  that  the  advance  in  price  of  timber  since  his  proposal  was  made  has 
Bcoessi  tared  this  change.  / 

I  respectfully  submit  these  nroposit ions,  a«kiuf]f  advice  as  to  the  acceptance  of  any  of  them. 
I  dijiiike  to  deviate  from  tne  desiffu  adopted  by  Colonel  Blunt,  as,  from  his  much  more 
extensive  knowledge  of  the  subject  than  I  have,  the  selection  of  square  timber  must  have 
l)een  made  for  good  reasons.  If  any  departure  should  be  made,  I  think  it  would  be  quite  as 
"^ell,  for  the  sake  of  economy,  to  build  the  part  underwater  of  round  timber.  Any  change 
in  ibe  kind  of  timber  might  affect  the  other  contractors  and  cause  difficulty  with  them. 
Very  respectfully,  your  obedient  servant, 

J.  W.  BARLOW, 
Captain  of  Engineers j  Brevet  Lieut.  Col,  V.  S.  A, 

Major  General  A.  A.  Humphreys, 

Commanding  Corps  of  Engineers.  IVashington^  D.  C. 

January  23,  1868, 1  received  the  following  letter  from  headquarters 
<orp8  of  engineers : 

Headquarters  Corps  of  Engineers, 

H'ashingtotti  D.  C,  Jattuary  20,  1868. 

Colonel:  Your  letter  of  the  15th  instant  is  received.  You  will  reject  all  bids  for  timber 
for  the  Burlington  breakwater,  received  under  the  la.«»t  advertisement  of  Brevet  Colonel  C.  E. 
Kant,  and  invite  new  proposals,  specifying  clearly  the  kind,  dimensions,  and  quantity  of 
tinber  required,  and  reserving  the  right  to  rrject  any  or  all  bids ;  the  proposals  to  be  made 
in  dnplicate,  and  in  accordance  with  the  firms  furnished  from  these  headquarters. 
Very  respectfully,  your  obedient  servant, 

A.  A.  HUMPHREYS, 
Brigaditr  General  of  Engineers,  Commanding, 

Captain  and  Brevet  Lieut.  Col.  J.  W.  Barlow, 

Corps  of  Engineers,  Burlirgton,  Vermont, 

In  compliance  with  this  order  I  notified  L.  B.  Piatt  of  its  tenor,  and 
-  Knt  the  following  advertisement  to  a  number  of  newspapers  in  different 
pam  of  the  coantry : 


r* 


Burlington  breakwater. 

United  States  Engineer  Office, 
Burlington,  Vermont,  January  23,  i86S, 

Senlfd  proposals  will  be  received  by  the  nndersigned,  until  the  *20th  of  February,  1868, 
It  U>  o'clock  a.  m.,  for  the  following  timber,  vfz: 

lln,(MX)  liueal  (or  cubic)  feet  of  hemlock  timber,  12  inches  square,  in  sticks  not  less  than 

38  Uh  in  length ;  38.000  lineal  (or  cubic)  feet  of  white  pine  timber,  12  inches  square,  not 

-fcttthan  30  feet  in  length;  2o, 000  feet,  board  measure,  of  3-inch  hemlock  plank;  14,000 

^  Wrd  mea>iure,  of  3-)nch  white  pine  plank ;  8,500  treenails,  (elm  or  ash,)  2  feet  long 

^  'i  inches  in  diameter. 

Pioe,  spruce,  or  ash  timber  may  be  delivered  in  lieu  of  all  or  part  of  the  first  item  of  this 
•31.  The  whole  must  be  delivered  at  Burlington,  Vermont,  before  the  Ist  of  July,  1868, 
^&t  least  one-third  as  soon  as  navigation  opens  on  Lake  Champlain.  It  must  be  of  the 
■*8qo*litv,  perfectly  straight,  of  the  exact  specified  dimensions  throughout.  No  other  will 
«*recei?ed.  The  prices  named  must  cover  all  expense  of  delivery  and  preparing  for  inspec- 
*D.  &c ,  at  such  points  as  may  be  required.  The  proposals  to  bo  made  in  duplicate, 
'fwwili'ed,  and  in  accordance  with  the  prescribed  forms,  which  may  be  obtained  upon 
^•Pplicaiioo  at  this  office. 

Tlie  Qodersigned  reserves  the  right  to  reject  any  or  all  bids,  if  not  deemed  satisfactory. 

J.  W.  BARLOW, 
Captain  of  Engineers,  Brevet  Lieut.  Col,  U.  8.  Army. 

All  abstract  of  proposals  received  under  this  advertisement  is  appended 

^this  re]M)rt,     The  offer  of  Wells  De  Graw,  of  Fidton,  New  York,  being 

Slowest,  he  was  so  notified,  and  in  accordance  with  the  law  the  con 

^ct  was  awjirded  to  him.     He,  however,  manifested  no  inclination  to 

pitfT  into  contract,  and  as  time  wore  away  I  became  anxious  as  to  his 

^tention  of  completing  it  at  all.    1  feel  strongly  inclined  to  believe  that 
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his  bid  was  a  sham,  made  with  the  view  of  being  bought  off  by  sonr^^ 
other  bidder.    After  a  good  deal  of  correspondence  with  him,  and  mam^^- 
promises  on  his  part,  he  finally  appeared  in  person  on  the  12th  of  Mareli^ 
and  formally  declined  to  make  good  his  proposal;  finding,  as  he  sakZ, 
that  he  would  be  unable  to  comply  with  the  terms  of  his  offer.    Tbe 
several  bidders  next  higher  were  then  successively  notified;  but  on 
account  of  the  lai)se  of  time,  all  below  Messrs.  Hart  &  Jennings  declined 
to  enter  into  contract  upon  their  bids.    This  firm,  who  are  also  the  con- 
tractors for  doing  the  work,  were  still  willing  and  anxious  to  furnish  the 
timber*    Their  bid  for  this  class  of  nmterial  was  therefore  accepted,  and 
the  transaction  receiving  the  approval  of  the  Chief  of  Engineers,  a  con- 
tract with  these  parties  was  at  once  effected.     This  difficulty  having 
been  finally  adjusted,  the  work  seemed  in  a  fair  way  of  making  some 
progress  during  the  season,  and  without  doubt  the  proposed  work  of 
completing  and  placing  six  cribs  will  be  successfully  accomplished  before 
the  advent  of  cold  weather.    Messrs.  Hart  &  Jennings,  having  the  con- 
tracts for  furnishing  timber  and  performing  the  work,  will  carry  on  these 
operations  to  much  greater  advantage  than  separate  contractors  c<»uld 
have  done.    They  have  thus  far  shown  much  enterprise,  and  an  evident 
determination  to  push  the  work  as  rapidly  as  practicable.     Two  cribs 
are  now  well  under  way,  and  all  the  timber  and  plank  required  for  the 
season's  operations  has  been  already  i>rocured  and  is  ready  for  delivery. 
The  iron  and  spikes  were  promptly  delivered  by  Mr.  R.  N.  Gere,  the 
contractor  for  this  material,  when  called  upon,  and  Mr.  Whitney,  con- 
tractor for  supplying  stone,  is  ready  to  furnish  it  as  rapidly  and  in  such 
quantities  as  may  be  required. 

In  reply  to  circular  from  headquarters  corps  of  engineers,  dat«d  June 
10, 18G8, 1  have  to  reply  as  follows:  Additional  amount  required  to  com- 
plete the  proposed  extension  of  breakwater,  $243,024  46;  amount  to  be 
profitably  expended  during  the  next  fiscal  year,  $75,000. 

The  work  is  situated  in  the  collection  district  of  Vermont,  Burlington 
being  the  nearest  port  of  entry.  The  nearest  light^house  is  located  upon 
Juniper  island,  (except  the  two  small  lights  upon  the  ends  of  the  old 
breakwater.)  Fort  Montgomery,  New  York,  is  the  nearest  fort.  The 
amount  of  revenue  collected  at  this  port  during  the  last  fiscal  year  was 
$169,115.  Five  passenger  steamers,  two  freight  or  towing  steamers, 
arrive  and  depart  daily  during  the  period  of  navigation ;  and  2,500  sailuig 
vessels  or  barges  during  the  same  time. 

Amount  of  cash  received,  831,000  44;  amount  of  cash  exi>ended, 
$16,254  m. 

liespectfully  submitted. 

J.  W.  BARLOW, 
Captain  of  Engineers^  Brevet  Lieut  Col. 


REPORT   OP   THE   SECRETARY   OP   WAR. 


299 


Akstraet  of  ftopotaU  for  timbtTy  plank,  and  treenails  for  constructing  the  breakwater  at  Bur- 

lingtonj  Vermont. 


2?&me  of  bidder. 

Names  of  Buretieg. 

H«mlock   timber,  12 
by  12  inch  Kquare, 
•pvT  lineal  foot. 

White-pine  timber.  12 
by  12  inch  nqnare, 
per  lineal  foot. 

it 

u 

J3    1-    ,• 

fl-  e  i, 

$16  00 
18  00 

17  00 
SO  00 

18  00 
18  00 

Three-Inch       white- 
piuu  plauk. 

I 

TreenaiU. 

AiB  RrVBoIda 

•WeDsDe  Graw 

'Aotoui  Poupor . . 

Alwyn  Martin ».... 

K.  II.  ReynoIdM  and  L.  B. 

Piatt. 
B.  F.  WelU  and  C.  J.  Do 

Graw. 
J.  M.  Humphrey  and  A.  D. 

Boomhower. 
E.  A    Mariin  and  U.  T. 

Gavlord. 
W.  /.  Baker   and   Peter 

Smith. 
Gfo.  Barker  and  Granville 

D.  Jennings. 

$0  24 
18 
16 
30 
18 
24 
28 

$0  30 
22 
40 
35 
36 
24 
38 

$30  00 
30  GO 
40  00 
30  00 
25  00 
25  00 

$0  10  each. 
07  each. 
60  00  per  M  ft. 

*LafflAo  T.  Rlcbardson  . . . 

EUrt  and  Jennings,  (con- 

traetor?!.) 
Lather  Whitney 

10  each. 
10  each. 

*  These  bidders  declined  to  enter  Into  contracts  upon  their  bids. 

The  above  abstract  is  correct. 

J.  W.  BAELOW, 
Captain  of  Engineers^  Brevet  Lt,  Col,  U,  S.  A, 


Abstract  of  contracts  for  materials  and  labor  for  constructing  the  hrealc- 

icater  at  Burlingt^n^  Vermont. 


K^me  of  contractors. 

Material  or  labor  contracted  for. 

Price. 

E    > 

»•  X'clson  Gere ........ 

Wroui?ht-iron  bolts,  oer  Douod 

SO  04,9f„ 

*•  Kelson  Gere  ------ . . 

Wrouffht-iron  soikes.  oer  Dound .. .  ......  - 

06,^ 
4  37^ 
1  00 

[han'mjr*  Su  Hart 

'hther  Whitney 

««rt  &  JenuiiJg^ 

f  Jsrt  A  Jennings 

'  J«rt  &  Jennings 

^t  &,  Jennings 

*^lft  «fc  Jennings 

Constructing  and  placing^  cribs,  per  M  (board  measure). 
Stone  in  cribs,  oer  cubic  vard .--- 

12-inch  square  nemlock  timber,  per  lineal  foot 

12-inch  square  white  pine  timber,  per  lineal  foot 

3-inch  hemlock  plank,  per  M  (board  measure) 

3-inch  white  pine  plank,  per  M  (board  measure) 

Treenails,  each 

24 

24 

18  00 

25  00 

10 

The  above  abstract  is  correct. 

J.  W.  BARLOW, 

Captain  of  Engineers  and  Brevet  Lt.  Col.  U.  S.  A. 


APPENDIX  G. 

United  States  Engineer  Office, 

Saint  Paul  J  Minnesota^  Augu^tt  31, 18G8. 

Gexkk  Ai> :  I  respectfully  submit  the  following  report  of  my  oi)eration8 
or  the  fiscal  year,  begiuniiig  July  1, 18G7,  and  endiug  June  30, 1868,  and 
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brought  down  to  the  31st  of  August,  1868.    The  subjects  treated  of  in 
this  report  will  be  arranged  as  follows: 

Chapter  I. — Statement  of  amounts  appropriated  and  disbursed,  and 
balances  on  hand  August  31,  1808. 

Chapter  II. — Present  condition  of  river  surveys  and  maps ;  one  plate. 

Chapter  III. — Some  general  considerations  regarding  the  physical 
features  of  these  rivers,  the  imi)rovement  of  them,  and  the  bridging  of 
them ;  (all  to  be  more  fully  treated  of  hereafter  in  a  special  report ;)  two 
plates. 

Chapter  IV. — History  of  the  improvement  being  carried  on  on  the 
Mississii)pi  river.    Contains  eight  plates. 

Chapter  V. — The  same  with  regard  to  the  Minnesota  river. 

Chapter  VI. — Detailed  estimates  for  the  imi^rovement  of  the  Wis- 
consin river,  and  Fox  river  line,  with  map. 

Chapter  VII. — Table  of  ports  of  entry,  collection  districts,  and 
amounts  collected  during  the  last  fiscal  year. 

Chapter  VIII. — A  presentation  of  the  public  importance  of  these 
river  improvements,  as  required  by  the  joint  resolution  of  Congress, 
approved  July  27,  186S. 

Chapter  IX. — Summary  of  the  estimates  of  funds  required  for  the 
fiscal  year  ending  June  30,  1870. 


Chapter  I. 

Statement  of  amounts  appropriated  and  disbursed,  and  balances  on  hand, 

August  31,  1868. 

For  procuring  and  operating  two  dredge  and  snag  boats  on  the  Mis- 
sissii)i)i  river,  $96,000. 

For  procuring  and  operating  one  dredge  and  snag  boat  on  the  Wis- 
consin river,  $40,000. 

For  removing  snags  and  boulders  throughout  the  Minnesota  river, 
$37,500. 

For  survey  western  and  northwestern  rivers,  (amount  allotted  to  me,) 
$42,500. 

On  the  6th  of  April,  1868,  I  submitted  a  general  report  of  all  my  ope- 
rations up  to  that  time,  with  an  estimate  of  means,  in  some  cases  reduced 
from  those  in  my  last  annual  report;  but,  in  the  aggregate,  increased, 
because  public  wants  had  called  for  some  additional  works  of  imi)rove- 
ment  not  contemplated  when  that  rei>ort  was  made.  (See  H.  Ex.  Doc 
No.  247,  40th  Congress,  2d  session.) 

My  operations  during  the  remainder  of  the  fiscal  year,  namely,  during 
the  second  quarter  of  1868,  were  confined  to  employment  of  assistants, 
&c.,  in  oflice  work,  and  in  alterations  and  improvements  on  the  two 
dredge  and  snag  boats  on  the  Mississippi  river. 

The  total  expenditures  during  the  quarter  were  a«  follows: 

For  expense  and  survey  western  and  northwestern  rivers $2,962  65 

For  improving  the  Minnesota  river 1,412  40 

Dredge  and  snag  boats  on  the  Mississippi  river 4,844  46 

Dredge  and  snag  boat  on  the  Wisconsin  river 535  00 

In  order  to  make  a  complete  showing  at  the  date  of  this  report,  and 
the  effect  of  the  recent  appropriations  by  Congress  ui)on  my  works,  I 
will  embrace  the  mouths  of  July  and  August. 
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The  expenditures  in  these  months  were  as  follows: 

Tor  cli-ed^e  and  snag  boats  on  the  Mississippi  river $19,12G  19 

Por  dredge  and  snag  boat  on  the  Wisconsin  river 583  51 

Tor  removing  snags  and  boulders  on  the  Minnesota  river 8,705  41 

Tor  examination  and  survey  western  and  northwestern  rivers.     3,308  19 

There  was  allotted  to  me  by  the  Secretary  of  War,  from  the  item  for 
Tivers  and  harbors  in  the  deficiency  bill,  $2G,000;  and  from  the  remains 
of  a  former  appropriation  for  examinations  and  surveys,  $14,000. 

Iidl  tiAUment  of  expenditures  since  June  30,  1807,  and  amount  available  from  each  appropria- 
tion fiugust  31,  1868. 


m 

O    9 

Ml, 

?  >  2 

£  3 

z  a 

"S*  «* 

zi  u  O 

•S  ® 

•a  o 

t.      ^> 

22^2: 

lis 

**  ^  •-• 

tionnfor 
g-boat 
in  river. 

i*     1 

fflSE 

•Eis 

e  .—  ♦-  *-• 

c.  s  »  y 

£-0.2 

< 

< 

< 

< 

kmfir%r\i%  ftr^nroTTintf^  in  1867  -  -,.»^»-^^^^ --- 

$42, 500  00 

196.000  00 

$40, 000  00 

$37,500  00 

Afeioastjs  allotted  from  the  it«m  for  riven  and  harbont  in 

defiici*-c(>v  bill  1868          

26,000  00 

AiBoaat  allotted  from  former  appropriation  for  examl- 

Bsrinna  sin<1   BtirV^VH   I WM                                        ..     .. 

14,  OCO  00 

ATnonnt  of  aDDrooriationfl  .............  ......... 

b6,500  00 

122,000  09 

40,000  00 

37,  500  CO 

A monntA  c^xnc^nclfitl    .................  .....«.••••• 

46.084  81 

99,  789  26 

3,  435  47 

28.289  15 

Amonntd  nnexDended  ........................... 

10,415  19 

22, 210  74 

36,  564  53 

9,  210  85 

The  amounts  remaining  unexpended  from  the  above  appropriations 
will  all  Ije  used  up  by  the  1st  of  March,  18G9. 


Chapter  II. 

Present  candition  of  river  surveys  and  maps. 

Before  giving  an  account  of  surveys  made  during  the  last  fiscal  year, 
[I  will  brieflv  state  what  was  done  in  18GG. 

The  surveys  on  the  31ississjppi  river  in  1806  consisted  of  an  instru- 

mtal  survey  of  about  74  miles  along  the  river,  either  at  those  points 
[where  navigation  was  most  obstiiicted,  or  where  there  were  bridges  over 
river,  or  at  prox)osed  sites  for  bridges. 

This  work  was  plotted  on  a  scale  of  200  feet  to  the  inch,  and  reduced 

►  one  of  two  inches  to  the  mile. 

An  examination  of  the  Wisconsin  and  Fox  rivers  was  made  by  Brevet 

[Ibjor  C.  R.  Suter,  captain  of  engineers.    From  maps  and  records  of 

reys  made  by  the  Fox  River  Improvement  Company,  estimates  were 

[l^e  for  increasing  the  capacity  of  the  i)resent  improvement  so  as  to 

'  lit  vessels  of  four  feet  draught;  also,  estimates  to  increase  it  so  as  to 
>w  boats  of  six  feet  draught. 

The  examination  of  the  Wisconsin  showed  that  a  survey  of  both  banks, 
[fends,  and  bars  must  be  made,  and  the  actual  slope  of  river  ascertained, 
ftere  plans  and  estimates  could  be  made  lor  its  satisfactory  improve- 
'lient 

The  work  on  the  Minnesota  river  consisted  of  a  careful  reconnoissance 
V  C.  E.  Davis,  civil  engineer,  of  the  river  from  the  Yellow  Medicine  to 
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its  mouth,  a  contimious  line  of  levels,  and  an  instrumental  survey  of 
all  points  requiring  improvement.  These  surveys  were  connected  with 
the  Land  Office  surveys.  A  continuous  line  of  channel  soundings  was 
made.  This  work  was  plotted  on  a  scale  of  two  feet  to  the  mile,  with 
enlarged  plats  of  localities  of  btid  navigation. 

I  will  now  give  an  account  of  the  surveys,  &c.,  made  during  the  fiscal 
year  ending  June  30,  1868. 

Surveys  and  niaps  of  the  Mississippi  river. 

Owing  to  the  continued  high  water  in  1867,  but  little  was  done  iu  the 
way  of  surveys  prior  to  October  1st. 

From  the  12th  of  June  to  the  closing  of  the  river  by  ice,  (November 
28,)  a  party  was  employed  in  measuring  the  discharge  of  the  Mississippi 
at  this  point  and  at  Fort  Snelling,  and  of  the  Minnesota  near  its  mouth. 
From  these  observations  we  are  enabled  to  make  an  approxinmte  calcu- 
lation of  the  discharge  at  this  point  during  any  year  in  which  the  reading 
of  the  gauge  has  been  recorded,  and  to  determine  any  other  practical 
question  concerning  the  river,  in  which  the  volume  of  the  water  or  the 
application  of  river  formulas  are  important. 

A  quarter  boat,  for  the  use  of  surveying  parties  on  the  Mississippi, 
was  built  during  the  season,  the  one  used  in  1866  having  been  turned 
over  to  General  J.  H.  Wilson,  at  Le  Claire,  Iowa. 

Field-work  commenced  on  the  Mississippi  river  on  the  first  day  of 
October,  and  continued  until  the  21st  of  November.  During  this  time 
about  103  miles  along  the  river  were  surveyed. 

Whole  number  of  miles  measured  was  273;  miles  of  level  line,  115. 
Of  the  river  survey,  two  miles  in  the  vicinity  of  Pike  island;  two  miles 
near  Saint  Paul  bridge;  two  miles  at  Pig's  Eye  island;  10  miles  at  Beef 
Slough;  one  and  a  half  mile  at  Chimney  liock;  one  mile  at  Boiling  Stone, 
and  one  mile  at  Guttenburg,  were  re-surveys  of  work  done  in  1866  to 
determine  the  change  in  the  bed  and  banks,  and  it«  rate  of  progress. 

The  plan  upon  which  these  surveys  were  conducted  was  the  same  as 
that  of  the  survey  of  the  Wisconsin  river.  (See  copy  of  the  instructions 
in  the  report  of  surveys  on  that  river.) 

These  surveys  on  the  Mississippi  have  all  been  platted;  those  made 
above  the  outlet  of  Lake  Saint  Croix,  on  a  scale  of  200  feet  to  the  inch ; 
those  below,  on  a  scale  of  400  feet  to  the  inch.  This  change  of  scale  was 
found  iie(!essary,  as  it  would  be  impossible  to  get  i)aper  of  sufficient 
width  to  show  the  whole  valley  below  Lake  Saint  Croix  on  the  hirge  scale. 
The  valley  frequently,  within  the  limits  of  our  survey,  reaches  a  width 
of  three  miles. 

These  plats  have  also  been  reduced  to  a  scale  of  two  inches  to  the 
mile,  and  transferred  to  one  map  of  the  vJiUey  on  that  scale,  which 
extends  irom  the  Falls  of  Saint  Anthony  to  the  mouth  of  the  Ohio  river, 
combining  on  this,  with  the  United  States  land  surveys  as  a  basis,  all 
the  information  we  have  obtained. 

Besides  these  surveys,  an  examination  was  made  from  the  mouth  of 
the  Des  Moines  to  the  mouth  of  the  Ohio  river,  to  determine  the  exact 
position  of  the  bluffs,  and  to  connect  the  Land  Office  surveys  of  the  two 
sides  of  the  river,  which,  unfortunately,  has  not  been  done,  except  in 
seven  or  eight  instances,  between  Saint  Paul  and  the  mouth  of  the  Ohio, 
when  the  surveys  were  made.  Much  difficulty  is  experienced  in  making 
a  map  with  the  Land  Office  work  for  a  basis,  from  the  fact  that  each  side 
was  surveyed  independent  of  the  other,  and  at  different  periods.  With 
connections  made  {is  often  as  every  10  miles,  we  find  it  inix>08sible  to 
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jring  the  two  plats  together  without  in  some  places  entirely  closing  the 
iver,  and  in  others  making  it  much  too  wide.  Particuhiiiy  is  this  the 
!ase  below  the  mouth  of  the  Missouri  river,  where  changes  in  the  course 
>f  the  river  are  considerable  within  a  comparatively  short  time. 

Among  these  changes,  those  between  St.  Louis  and  the  mouth  of  the 
Missouri  might  be  cited.  From  surveys  recently  made,  under  the  direc- 
tion of  the  city  engineer  of  St.  Louis,  it  appears  that  there  has  been 
an  abrasion  of  3,oCK)  feet  opposite  the  mouth  of  the  Missouri  since  18G2. 
Major  Lcmg  says,  in  his  re])ort  on  the  improvement  of  the  harbor  of 
Alton,  Illinois:  "Since  1852  the  mouth  of  the  Missouri  has  been  work- 
ing its  way  down  stream,  and  is  now  at  least  one  mile  below  m  here  it 
■ras  at  that  date.''  Other  changes  might  be  noted,  but  the  above  are 
■offieient  to  show  the  impracticabdity  of  attempting  to  make  a  reliable 
■a]>  of  the  liver  from  the  two  surveys,  made,  as  they  were,  many  years 
^>art.  Our  map,  however,  will  show  the  true  position  of  the  bluffs, 
irhieh  is  of  gi*eat  importance  in  studying  the  causes  that  have  been  ope- 
■aiing  in  the  past,  and  distinguishing  them  from  those  now  acting. 

Mr.  I.  P.  Cotton,  civil  engineer,  has  had  charge  of  the  Mississippi 
ifcrveys  during  the  past  year,  and  labored  assiduously  in  bringing  them 
lo  their  present  state. 

Surveys  and  ma^  of  the  Wiscormn  river. 

I   The  survey  of  the  Wisconsin  river,  under  Brevet  Major  C.  E.  Suter, 
tain  of  engineers,  was  commenced  August  20,  and  finished  Novem- 
5. 
Whole  length  of  river  surveyed,  119.3  miles ;  number  of  miles  meas- 

,  302.6;  miles  of  level  line,  197. 
The  manner  of  conducting  this,  and  all  sur\'eys  under  my  charge,  is 
"y  explained  in  the  following  mstructions: 

Instructions  for  surveying  the  Wisconsin  rivtr. 

United  States  Engineer.  Office, 

St,  Paul,  Minnesota,  August  10,  1867. 

The  rarrey  of  the  Wisconsin  river  will  extend  from  Kilbonm  City  to  its  junction  with  the 

"^i^sippi.     It  is  designed  to  have  the  maps  and  report  exhibit  all  the  information  required 

thonmgh  consideration  of  the  subject  of  improving  i\s  navigation  at  low  stages,  and 

rmining  the  best  plan  of  execnting  it.     If  this  improvement  may  be  made  by  deepening  the 

r  on  tbe  bars  by  means  of  scrapers  in  excavating,  or  by  wing  and  longitudinal-  dams  to 

eDt  such  bars  from  forming,  or  cause  their  removal  when  formed  ;  if  by  closing  up  one 

^•ore  of  the  channels  we  can  produce  a  sufficiency  in  the  desired  one ;  or,  if  these  must 

ifiul  and  resort  be  had  to  slack-water  by  dams  with  locks,  or  by  continuous  canal  with 

s  along  the  valley,  must  also  be  determined,  if  possible,  from  the  survey;  and  also  the 

ire  advantages  of  diflferent  methods  in  economical  construction  and  practical  value,  when 

^Tbe  (jQality  of  navigation  sought  is  such  as  will  adequately  meet  the  wants  of  a  great  line 

'ttaujiunication  from  the  Mississippi  river  to  Lake  Michigan  along  this  river,  tbe  upper 

*•  rirer,  Lake  Winnebago,  lower  Fox  river,  and  Green  bay.     The  existing  information 

lins  but  very  little  that  is  conclusive  concerning  the  engineering  question  involved. 

king,  therefore,  must  be  relied  on  from  other  sources  than  tnis  survey,  and  nothing  lefi 

.toe  that  circumstances  of  time  and  ability  will  enable  the  surveying  parties  to  do. 

^  general  features  of  the  valleys  of  the  northwestern  rivers  must  be  always  kept  in  mind 

*H>e  different  engineers  employed,  and  they  are  readily  appreciated  by  reference  to  thefol- 

j 'Jog  section  and  map.     [For  diagrams  see  original.] 

jbe  main  features  observable  are,  first,  a  high  bluff  on  each  side  of  the  river  valley,  from 
to  ten  miles  apart,  and  from  100  to  400  feet  high,  composed  mainly  of  horizontally 
ified  rock ;  and  in  the  case  of  the  Wisconsin,  of  magnesian  limestone  of  the  silurian 
jUion.  The  slopes,  however,  are  often  covered  with  earth  and  green  grass,  so  that  the 
_^  is  dij«cemible  to  common  observation  only  at  places  where  quarries  have  been  opened. 
^4W  sand  feature  i^  a  level  or  nearly  level  terrace  mainly  composed  of  sand,  though  occa- 
Uj  hsTiog  a  rich  surfiace  soil.    Towns  are  frequently  located  upon  it.    This  terrace  is 
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from  20  to  GO  feet  above  the  level  of  the  water.  It  is  never  coutlnuou')  throughout  the  val- 
ley on  either  side,  and  rarely  of  much  extent  on  but  one  side  at  a  time.  It  is,  piobably,  the 
shallow  parts  of  an  ancient  watercourse  which  once  occujied  the  valley  from  bluff  to  bluff. 
It  is  now  generally  above  overflow. 

The  third  feature  is  the  bottom  lands  of  the  river,  generally  overflowed  at  highest  stapes,  and 
having  the  high  bluff  or  terrace  for  their  margin.  This  bottom  contains  many  lakes  and 
marshes,  and  is  cut  up  by  sloughs  forming  islands.  These  islands  sometimes  divide  the  mm 
stream  into  nearly  equal  parts.  The  margins  of  these  bottom  lands  are,  in  the  natural  state, 
generally  wouded,  and  form  the  banks  of  the  stream  at  moderate  stages  when  the  sand-bars 
are  covered. 

The  fourth  feature  is  the  bed  of  the  stream,  which  includes  the  part  covered  at  raediom 
stages,  but  large  portions  of  which  become  dry  sand  or  gravel  bars  at  very  low  ones. 

There  are  thus  four  different  prominent  benches  or  levels  in  the  river  valley : 

1.  The  level  forming  the  main  bluff. 

2.  The  sand  terrace  generally  above  overflow. 

3.  The  bottom  land  generally  overfli»wed  at  highest  water. 

4.  The  bed  of  the  stream. 

It  is  desirable  that  the  topographical  survey  should  give  the  limits  of  each  of  these  and  their 
relative  elevation.  This  may  be  in  a  very  general  way  for  all  but  the  fourth  level,  to  which 
the  details  of  the  survey  should  be  mainly  directed. 

The  sketch  of  the  valley  giveii  above  as-sumes  a  simple  case  when  the  river  is  divided  by 
a  single  island,  but  the  bottom  lands  are  often  much  more  complicated  in  structure.  There 
is  generally,  however,  as  in  the  case  given,  one  main  channel,  and  to  this  the  more  thorough 
work  of  sounding  may  generally  be  conflned.  Experience,  good  judgment,  and  a  knowledge 
of  a  special  case,  when  it  occurs,  must  govern  the  engineer  as  to  what  is  to  be  done. 

The  survey  will  be  conducted  as  follows: 

A  continuous  transit  line  will  be  carefully  measured  and  staked  off  on  one  bank  or  the 
other  of  the  main  river,  as  may  be  most  easy,  and  all  the  topography  sketched  along  it 
The  opposite  shore  must  be  located  by  triangulation  across. 

The  topographical  note-book  must  show  both  edges  of  the  bottom  land,  and  the  edge  of  the 
water  at  the  time  must  fix  the  position  of  the  stakes  used  by  the  sounding  parties,  and  locale 
all  prominent  buildings  by  measurements,  angles,  or  bearings,  when  practicable. 

When  passing  prominent  points  marks  must  be  left  on  which  back  sights  c^n  be  taken  as 
the  work  progresses,  and  distant  points  on  bluff's  and  buildings  should  be  similarly  used. 

Accompanying  this  transit  line  must  be  a  careful  line  of  levels,  in  which  should  be  noted 
frequently  the  height  of  the  bottom  lands  or  sand  terrace  when  near,  the  height  of  the  water 
of  the  river  at  the  time,  that  of  the  last  high  water,  and  the  most  noted  high  or  low-water 
mark  that  may  be  ascertained. 

Botli  these  instrumental  surveys  should  establish  marks,  at  least  once  a  mile,  on  trees, 
rocks,  or  permanent  buildings;  carefully  describe  them  iti  the  notes,  and  select  such  as  may 
be  readily  found  after  the  lapse  of  years  for  future  surveys  to  connect  with,  as  well  as  for  the 
detached  portions  of  this  same  survey. 

There  will  be,  besides  this  main  line,  two  subordinate  compass  parties  to  survey  the  minor 
channels,  who  will  connect  their  work  as  often  as  possible  with  the  main  line,  and  mast 
always  do  sa  at  the  point  of  beginning  and  ending  of  such  subordinate  line. 

These  parties  will  note,  besides,  the  topographical  sketches  and  horizontal  dimensions,  the 
height  of  the  banks,  either  bottom  land  or  sand  terrace,  wherever  they  see  them,  and  an  occa- 
sional section  made  by  sounding  across  the  slough  or  chutes  they  are  surveying. 

In  case  one  of  these  parties  is  surveying  a  channel  as  large  or  nearly  so  as  the  main  channel, 
it  must  be  sounded  with  the  same  care  as  the  main  channel,  especially  if  there  is  any  ques- 
tion about  which  one  it  would  be  most  desirable  to  close  up. 

There  will  be  a  separate  level  party  to  run  level  lines  transversely  of  the  valley  as  often  as 
the  progress  of  the  survey  will  permit,  and  where  the  steep  bluffs  are,  the  hand  level  can  bo 
useu  to  level  up  to  their  summits.  In  all  cases  side  distances  for  locating  important  objects 
must  be  measured  with  a  tape  line;  pacing  will  frequently  ascertain  them  with  suflicicnt 
accuracy,  and  if  circumstances  prevent  this,  the  estimateid  distance  must  be  noted.  The 
sketches  nmst  be  made  to  a  scale  on  the  ground,  must  give  the  kind  and  quality  of  the  trees, 
marshes,  sand-bars,  and  rocks ;  and  when  objects  cannot  be  entered  on  the  page  by  using 
the  regular  scale,  the  distance  must  be  noted  or  estimated  by  angles  or  bearings  from  fixed 
points.  Connections  will  be  made  as  frequently  as  may  be  with  the  railroad  line,  and  all 
the  bridges  and  piers  will  be  carefully  measured  and  located,  and  notes  made  of  all  obstruc- 
tions. 

The  sounding  lines  will  be  run  obliquely  across  the  stream  from  300  to  600  feet  apart,  more 
or  less  closely  as  the  correct  understanding  of  the  river  bed  may  require.  The  soundings 
will  be  taken  by  a  pole  at  as  nearly  uniform  intervals  of  time  as  practicable,  with  the  boats 
rowed  at  uniform  fates  of  speed,  and  practice  must  be  acquired  so  that  the  same  line  can  be 
sounded  forth  and  back  with  approximately  the  same  result.  Occasionally  it  would  be  well 
to  sound  them  both  ways,  especially  at  important  points. 

Where  the  grounding  of  the  boat  prevents  the  boat  reaching  the  shore,  the  distance  to  the 
stake  on  the  shore  must  be  noted.  1  he  sounding  pole  should  be  uniformly  12  or  15  feet  long, 
and  '*  no  bottom"  recorded  where  this  will  not  reach. 


REPORT  OF  THE  SECRETARY  OF  WAR.  305 

he  cadence  of  time  is  lost  by  changio^  one  pole  for  another  or  for  a  sounding^  line  at 
t  places.  These  deep  holes  must  be  determined  separately  after  the  rej^ular  line.**  are 
ided.  The  enj^neer  in  charge  of  the  sounding  party  must  keep  a  sketch  oi'  the  river  and 
i  sounded,  and  locate,  as  far  as  he  can  with  his  eye,  the  position  of  the  bars  beneath  the 

T. 

intervals  of  about  each  10  miles  there  should  be  two  sections  200  feet  apart  carefully 
ded.  and  a  series  of  floats  at  mid-depth  observed  for  velocities,  so  that  the  discharge  can 
>curately  computed  after  the  manner  it  is  now  being  done  at  St.  Paul 
po^^ibJe  the  main  line  should  be  kept  platted  as  the  survey  proceeds,  on  the  scale  of  200 
x>  an  inch,  so  that  no  confusion  can  occur  in  the  system  of  liuc')  kept  in  the  note-books. 
ort  time  in  the  evening,  and  times  of  bad  weather,  will  suffice  for  this.  It  will,  besides, 
tat  once  to  show  the  directing  engineer  if  the  surveys  made  leave  out  any  desired  informa- 
The  quarter-boat  is  designed  of  ample  size  to  furnish  convenience  for  this  work. 

the  quarter-boat,  whenevur  it  is  lying  still,  a  gauge  should  be  set  up  and  the  rise  and 
if  the  river  carefully  not^d.     It  will  be  of  service,  in  connection  witn  the  regular  river 
es,  in  reducing  tbe  levels  to  an  uniform  stage  of  the  river  during  the  time  of  the  survey, 
at  the  slope  can  be  constructed  for  any  sta^e  ob.served. 

£rocariug  subsistence  for  the  parties  the  quantities  allowed  per  man  will  not  exceed 
iwance  for  a  soldier  in  the  armies  of  the  United  States.  And  the  material  procured 
be  confined  to  articles  thus  allowed,  uuless  an  equivalent  of  other  materials  can  be 
ned  at  an  equal  or  less  cost  than  these. 

b  directed  that  no  regular  meul  should  be  served  on  the  quarter-boat  in  the  middle  of 
ay,  and  arrangements  must  be  made  for  sending  a  sufficiency  of  food  from  the  boat  to 
lace  where  the  parties  are  at  work.  Small  parties  workiug  at  some  distance  from  the 
mast  take  this  meal  with  them  in  the  morning.  In  the  evening  a  full  dinner  meal  will 
rved  on  the  quarter- boat,  and  also  in  the  morning  before  going  to  the  work  ;  and  every 
'.Ue  of  authority  must  be  used  that  this  does  not  delay  the  commencement  of  the  day's 

«  following  party,  beside  the  principal  engineer,  will  be  employed  on  this  survey  ;  but 

ngiueer  in  charge  is  authorized  to  change  the  men  from  one  to  another  in  any  manner 

inks  best,  according  to  the  nature  of  the  work  of  each:   For  main  transit  party,  one  engi- 

and  six  men  ;  for  main  level  party,  one  engineer  and  three  men  ;  for  cross-section  level 

%  t>ne  engineer  and  three  men ;  for  two  compass  parties,  each  one  engineer  and  three 

;  far  one  sounding  party,  one  engineer  and  five  men ;  cook  and  steward,  two  men ;  care 

larter-boat,  two  men. 

le  engineer  in  charge  will  endeavor  to  inform  himself  fully  of  the  character  and  resources 

e  country  for  building  dams  of  stone,  timber,  or  brush,  and  for  locks  and  other  masonry. 

nofit  also  keep  a  regular  journal,  detailing  the  operation  of  the  different  parties  and  other 

Toation. 

)e  survey  will  be  cx>nducted  in  the  manner  above  described  from  Portage  to  the  mouth, 

if,  on  arriving  at  the  latter  point,  it  should  be  found  that  additional  surveys  were  required 

pecial  localities,  as  undoubtedly  it  will  be,  detached  parties  may  be  made  to  execute 

I 

weekly  report  of  progress  will  be  made  to  this  office,  and  further  information  given  from 

!  to  time  if  required. 

fhe  surveys  were  completed  according  to  these  miuute  directions,  and 

(laborious  work  of  plotting  them  was  mainly  i>erformed  by  Cai)tain 

W.  Wellman,  chief  engineer,  Captain  W.  W.  Rich,  chief  engineer,  and 

.  R.  J.  Dukes,  civil  engineer. 

Ul  the  sur\'ey8  on  this  river  have  been  plotted  on  a  scale  of  200  feet 

lie  inch,  making  24  sheets  each  10  feet  long,  and  these  plots  reduced 

lie  scale  of  two  inches  to  the  mile. 

lie  office  work  has  all  been  conducted  by  Captain  D.  W.  Wellman, 

ted  States  civil  engineer  j  Major  Suter  having  been  assigned  to  other 

ies. 

Surveys  and  maps  of  the  Minnesota  river* 

n  examination  of  the  Minnesota  river  was  made  in  1867  from  Jjac 
rers  to  its  mouth,  to  detennine  the  character  of  the  bottoms,  the 
tion  of  the  temujes,  and  main  bluffs. 

le  results  of  this  examination  have  all  been  put  on  the  map  of  the 
r  maile  in  1866,  and  the  whole  valley  represented  in  great  detail  on 
de  of  two  inches  to  a  mile.  All  the  surveys  on  the  Minnesota,  and 
L'onstruction  of  the  maps,  have  been  by  or  under  the  direction  of  C. 
^vis,  civil  engineer. 

20  w— Part  II  • 
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Surveying  outfit. 

This  consists  now  of  two  large  flat-boats,  fitted  up  for  quarters  for 
surveying  parties,  and  about  25  small  row-boats  and  skifi's,  the 
whole  being  perishable  mateinal,  and  having  cost  the  appropriation  about 
$7,000.  These  will  answer  to  prosecute  the  surveys  on  the  Mississippi 
and  its  tributaries,  if  they  are  continued,  till  all  important  surveys 
are  finished ;  and  there  will,  in  addition,  be  required  for  the  Mississippi, 
above  the  rapids,  a  small  steam  i>ropeller,  costing  about  three  thousand 
dollars,  ($3,000.) 

Additional  surveys  required. 

It  is  believed  that  no  further  surveys  will  be  required  on  the  Miune- 
sota  and  Wisconsin  rivers,  except  it  may  be  in  some  limited  spaces,  to 
supply  information  on  some  point  whose  importance  became  known  by 
the  survey  already  made,  and  not  known  before. 

There  is  a  necessity  for  comi)leting  the  survey  of  the  Mississippi,  so  as 
to  make  a  continuous  map  of  it  from  the  Falls  of  Saint  Anthony  to  Rotk 
Island  rapids,  and  it  is  best  to  occupy  two  years  in  doing  it,  because  part 
of  it  will  admit  of  this  delay ;  and  in  the  end  it  will  be  more  economical, 
as  better  enabling  us  to  use  up  and  wear  out  our  outfit,  and  not  require 
an  increase  of  our  present  one.  There  should  not  be  less  than  thirty 
thousand  dollars  ($30,000)  for  this  Mississippi  survey  in  the  coming  year 
and  for  finishing  the  maps  afterward.  The  examination  and  survey  of 
the  Mississippi  above  the  falls  will  require  ten  thousand  dollars,  ($10,000.) 

There  is  also  a  memorial  before  Congress  in  relation  to  rivers  and 
harbors  under  my  supervision,  that  requires  a  survey  of  the  Chippewa 
river,  of  the  St.  Croix  river,  and  of  the  harbor  at  Alton.  I  think  there 
will  be  required  for  the  Chippewa  river  ten  thousand  dollars,  ($10,000;) 
for  the  St.  Croix,  five  thousand  dollars,  ($5,000.) 

There  are  also  some  additional  measurements  required  to  complete  the 
collection  of  material  on  the  subject  of  bridging  the  Mississippi  between 
St.  Paul  and  St.  Louis,  and  completing  the  maps  and  diagrams  illustrat- 
ing it,  requiring  six  thousand  dollars,  ($0,000.)  There  is  an  absolute 
necessity  for  this,  in  order  to  complete  this  important  subject  and  pre- 
sent it  to  Congress.  This  matter  has  greatly  increased  in  magnitude 
since  the  passsage  of  the  general  law  in  relation  to  bridging  the  Mis- 
sissippi, and  these  bridges  may  be  a  fruitful  source  of  litigation  and 
trouble  hereafter,  requiring  the  amplest  information  to  settle. 

I  hav^e  not  included  the  survey  and  improvement  of  Alton  harbor  in 
my  estimates,  as  it  does  not  come  regularly  within  my  field  of  duties. 

It  should  be  considered,  in  judging  of  the  importance  of  these  sur- 
veys, that  these  northwestern  rivers  have  not  been  surveyed  and  map^MHl 
before ;  that  on  all  of  them  public  works  of  improvement  are  needed 
and  solicited  by  the  people,  and  that  no  engineer  nor  legislative  body 
can  properly  consider  the  necessity  for  improvement,  nor  the  means 
required  to  effect  it,  till  the  surveys  and  maps  are  made.  It  is  only 
by  surveys  that  an  engineer  can  assemble  the  facts,  subject  them  to 
analysis,  and  conqu'ehend  the  physical  laws  governing  the  stream  it  is 
l)roposed  to  operate  upon. 

Good  maps  and  profiles  and  measurements  have  the  further  advantage, 
that  every  other  engineer  can  from  them  readily  i)repare  such  i^lans  as 
his  own  experience  may  suggest,  or  test  the  souucbiess  of  those  sub- 
mitted to  him.  These  things,  when  properly  done,  require  much  time, 
and  even  if  the  works  of  improvement  should,  from  necessity,  be  sus- 
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^d,  the  surveys  should  by  all  means  be  kept  going  on,  so  that  when 
nprovement  is  again  resumed  full  knowledge  will  be  at  hand  to 
'  it.  Besides  the  injury  to  the  material  on  hand  by  suspending  the 
ys,  there  will  be  lost  the  valuable  experience  acquired  by  tlie  assist- 
by  their  having  to  seek  a  livelihood  in  other  fields.  The  s])ecial 
rements  for  a  proi)er  river  surveyor  are  not  generally  met  in  the 
ary  engineering  experience.  Nothing  shows  the  necessity  of  these 
'vs  more  than  the  fact  that  we  are  unable  yet  to  submit  our  definite 

in  many  cases,  becMiuse  the  maps  of  the  surveys  are  still  incom- 
;  and  much  of  that  failure  that  may  be  seen  to  have  attended  former 
improvements  arises  solely  from  im[)erfect  preparatory  surveys,  and 
seijuent  attempt  to  improve  where  there  was  no  knowledge  of  the 

producing  the  obstructions  and  the  means  of  counteracting  them. 


Chapter  III. 

general  conmderation^  regarding/  the  physical  features  of  the>se  rivers^ 
improvement  of  them^  and  the  bridging  of  tliem,  all  to  be  more  fully 
ited  of  hereafter  in  a  special  report. 

;NERAL   CONSIDERATIONS  REGARDING  THE   PHYSICAL   FEATURES 

OF  THESE   RIVERS. 

this  I  will  first  treat  of  the  prominent  physical  features  of  the  rivers 
1 1  have  examined  and  stu(lied.  This  part  of  my  report  is  based  not 
apon  what  I  have  done  the  past  two  years,  but  also  upon  my  exam- 
ms  on  the  Missouri  river  and  its  tributaries  in  1855, 185G,  and  1857, 
^lK)rt  of  Secretary  of  War,  accompanying  President's  message  to 
ress,  in  December,  1858.)  The  subject  connects  itself  intimately 
certiun  features  of  the  great  lakes,  and,  in  fact,  of  the  whole  con- 
t  of  North  America.  It  will  necessarily  be  treated  of  at  some  length, 
et  I  sIihU  only  present  some  of  the  leading  features,  leaving  out  the 
itade  of  detailed  surveys  and  determinations  which  have  brought 
By  conclusions. 

my  report  made  January  21,  18G7,  (II.  Ex.  Doc.  No.  58,  39th  Con- 
i,2d  se-ssion,)  I  showed  that  the  beds  of  the  upper  Mississii>pi  river 
>f  several  of  its  tributaries  were  tilling  up.  At  that  time  the  expla- 
n  of  this  w^as  not  comprehended  by  me,  and,  in  order  to  make  the 
iption  of  the  phenomena  easily  understood,  I  made  a  suppositiou 
the  excavated  valley  between  the  blulis  of  the  Mississippi  had  been 
ted  from  the  ocean  already  formed,  and  that  the  slope  and  volume  of 
lain  stream  was  not  able  to  keep  in  motion  the  materials  which  the 
taries  to  this  great  central  trough  of  the  continent  brought  into  it. 
?Te  is  nothing  material  to  be  changed  in  that  description.  And 
igh  it  is  true,  as  I  have  shice  found,  that  the  portion  of  this  great 
h  below  Savannah  ha«  be^n  submerged  beneath  the  level  of  the 
of  Mexico  since  it  was  tirst  cut  out,  yet,  as  a  whole,  this  supposi- 
ronld  not  explain  the  filling  up  now  going  on  above  this  point. 
much  examination  of  the  rivers,  and  study  and  comparison  of  all 
cts  ascertained  with  the  observations  on  other  rivers  and  the  Lake 
ipeg  basin,  the  conclusion  was  reached  that  Lake  Winnipeg  was 
;ontinnous  southward,  covering  the  central  portion  of  the  valley 
;  Ked  River  of  the  North,  and  having  its  outlet  down  the  Minnesota 
and  not,  as  now,  down  the  Nelson  river  to  Hudson's  bay. 
en  the  northern  outlet  formed  and  the  southern  one  ceased,  the 


I 
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filling  up  of  the  ancient  bed  began,  as  we  now  see  it  to  be  going  on. 
The  river  banks  near  the  old  outlet  show  that  this  change  took  place 
since  the  glacial  period.  The  ancient  Lake  Winnipeg  was  larger  than 
the  present  Lakes  Superior  and  Michigan  combined. 

In  seeking  tor  a  hypothesis  to  explain  how  this  change  of  outlet  was 
l)rought  about,  that  of  a  gradual  change  of  level,  depressing  the  northern 
And  elevating  the  southern  portion  of  the  valley,  was  the  only  one  that 
would  acciount  for  all  the  facts  then  known  to  nie,  and  I  was  confirmed 
in  this  by  the  investigations  made  by  Mr.  Jas.  E.  Mills  along  the  Atlantic 
shores,  which  showed  a  northern  depression  to  be  going  on  there. 

This  hypothesis  was  fortunately  one  that  observ^ations  on  other  lakes 
enabled  me  to  test,  and  it  is  so  well  supported  by  them  that  I  regard  this 
northern  subsidence  no  longer  an  hypothesis  but  an  established  fact. 
(See  map  accompanying  Chapter  VI.) 

My  surveys  show  that  Lake  Winnebago  formerly  had  its  outlet  south- 
ward to  the  Wisconsin  river,  and  since  changed  to  the  northward  through 
the  lower  Fox  river  into  Green  bay. 

It  has  long  been  known  that  Lake  Michigan  once  had  its  outlet  south- 
ward through  the  Illinois  river,  and  that  Chicago  stiinds  in  the  old  bed 
of  the  lake,  the  southern  shore  of  which  is  about  12  miles  south  of  the 
city.  All  the  small  lakes  I  have  had  an  opportunity  to  examine  indiwite 
the  same  thing — the  leaAing  of  their  southern  shores  and  eucroju^hiug 
on  their  northern  shores.  All  the  accounts  I  have  read,  and  all  the  maps 
of  the  lakes  I  have  consult<5d,  show  the  same  thing. 

Even  the  maps  of  the  northern  and  southern  shores  of  the  continent 
plainly  indicate  it.  Any  one  can  t^st  the  matter  of  northern  depression 
and  southern  elevation  for  himself  by  examining  the  published  maps, 
and  remembering  that  the  eftect  of  bodies  of  water  on  the  shore  is  to 
abrade  it  and  spread  the  material  smoothly  over  the  bottom,  while  the 
eftect  of  the  atmosphere  is  to  cut  the  land  up  into  ridges  and  to  wash 
the  soil  from  the  rocks,  so  that  the  land  rising  from  the  wat^r  will  have 
comparatively  smooth  outlines  and  successive  lagoons  parallel  to  the 
shore,  while  the  land  going  under  water  will  show  jagged  and  sharp  out- 
lines, with  deep  indentations  and  numerous  islands. 

I  think  the  map  of  North  America  thus  indicates  an  elevation  going  on 
south  of  a  line  joining  Cape  Hatt^ras  on  the  Atlantic  with  Cape  Mendo- 
cino on  the  Pacific,  and  a  depression  north  of  this  line.  As  far  jis  my 
reading  goes,  I  think  the  rivers  west  of  the  line  in  the  Rocky  mountains 
indicate  this  also.  But  confining  myself  to  the  rivers  east  of  it,  where 
this  northern  depression  is  established,  we  see  that  all  the  rivers  whose 
flow  is  southward  must  have  their  slopes  diminishing,  while  those  flowing 
in  the  opposite  direction  must  have  their  slopes  increasing.  Carrying 
this  thing  backward  in  time,  we  see  that  the  lake  outlets  would  all  be 
southward,  and  not  northward,  as  now;  and  that  there  is  reason  thence 
to  infer  that  Niagara  river  and  the  Saint  Lawrence  river  are  outlets  of 
<5omparatively  modern  origin.  It  has  long  been  observed  that  all  these 
northern  outlets  abound  in  waterfalls  and  rapids,  and  this  confirms  their 
recent  origin. 

But  it  may  be  asked,  what  of  the  rapids  on  the  Ohio  at  Louisville^  and 
on  the  Mississippi  at  Keokuk,  and  again  at  Rock  Islandf  The^e,  which 
to  me  at  first  seemed  like  a  fatal  objection  to  considering  rock  rapids  as 
indicating  rivers  of  recent  origin,  proved  afterwards  to  give  the  most 
convincing  arguments  in  its  favor,  for  my  observations  show,  in  connec- 
tion with  those  made  by  others,  that  at  each  of  these  places  the  ancient 
river  had  a  wide  and  deei;  bed  cut  entirely  through  the  rock  formations 
which  now  obstruct  them;  that  these  old  channels  became  silted  up  alter 
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lleys  were  cut  out,  and  at  a  time  when  the  level  of  the  gulf  ex- 
I  up  to  the  points  now  about  450  feet  above  its  present  level. 
,  the  present  river  courses  at  the  rapids  show  only  the  abrasion  of 
ream  since  the  last  elevation;  the  river  not  being  able  to  regain  its 
d,  its  present  course  at  the  rapids  is  of  recent  origin, 
light  seem  a  very  hopeless  task  to  undertake  to  locate  the  time  in 
ical  ages  when  the  5lississippi  channel  was  first  excavated,  nor 
I  have  ventured  to  solve  so  great  a  problem.    But  it  has  come 
that  my  investigations  seem  to  have  led  direct  to  tliat  solution. 
hese  results  have  such  important  practical  value  in  the  under- 
ug  of  the  works  for  commercial  purposes  with  which  I  am  intrusted, 
ure  to  give  an  outline  of  my  investigation  of  this  subject  here, 
hat  a«  I  presented  it  to  the  meeting  of  the  American  Association 
!  Advancement  of  Science,  in  Chicago,  in  August,  1868,  although 
»f  time  then  prevented  me  from  presenting  all  I  had  designed  to 

paper  was  in  substance  as  follows: 

in^  been  detaile^l  to  surv^ey  the  upper  Mississippi,  Minnesota,  and 
tisiu  rivers,  with  a  view  to  improving  the  navigation  and  construct- 
idpes  which  should  aflbrd  the  least  obstruction  to  navigation 
sible,  I  have  reached  result,  which,  besides  being  important  to  the 
i  for  which  they  were  sought,  are  believed  to  be  of  general  scien- 
terest.  I  was  early  impressed  by  the  immense  excavations  made 
silnrian  rocks  through  which  these  rivers  now  flow. 
great  excavation  or  trough  above  the  junction  of  the  Minnesota 
issisnippi  rivers  is  occupied  not  by  the  Mississippi  river,  but  by 
nne80ta  river.  The  bed  of  the  latter,  however,  for  about  1 10  miles 
Big  Stone  lake  is  partially  granitic,  (probably  Huronian,)  and  the 
are  of  drift. 

Stone  lake  occupies  30  miles  of  this  great  excavation,  and  Lac 
•s  about  20  miles.  The  two  lakes  are  separated  by  a  strip  of  low 
mt  a  few  feet  above  their  level,  and  which  is  about  980  feet  above 
?an.  This  is  a  deposit  made  by  the  infant  Minnesota  river  as  it 
this  great  excavation,  and  during  heavy  rains  it  sends  its  waters 
ison's  bay  as  well  as  to  the  Gulf  of  Mexico, 
great  excavated  valley  of  which  we  have  been  speaking  is  at  this 
silM>at  a  mile  wide,  and  the  bluft's  or  sides,  composed  of  boulders 
ravel,  are  about  150  feet  high. 

following  map,  from  a  survey  by  C.  E.  Davis,  civil  engineer,  ex- 
this  locality.     [For  map  see  original.] 

re  one  inclined  to  believe  that  the  existing  streams  lower  down  in 
ier  acting  for  a  long  period  of  time,  would  have  been  sufficient  to 
ate  the  valley  of  the  Mississippi,  he  must  admit  the  insufficiency 
8e  existing  here.  In  fact,  these  feeble  streams,  so  far  from  having 
this  great  excavation,  are  doing  all  in  their  power  to  fill  it  up. 
thward  from  Lac  Travers  commences  a  vast  lake  basin,  extending 
iuoosly  to  the  north  end  of  Lake  Winnipeg,  including  this  lake, 
VVinnipegoose,  and  Lake  Manitoba.  The  greater  part  of  this 
It  lake  bed  is  now  dry,  leaving  a  well  defined  beach  to  mark  its 
r  extent.  The  Red  River  of  the  North  flows  along  the  lowest  line 
s  bed.  The  waters  of  this  ba^in  once  flowed  southward  through 
inuesota  river  into  the  Mississippi. 

present  level  of  Lake  Winnipeg,  according  to  Mr.  Hines,  is  650 
>ove  the  ocean.  [See  sketch  at  the  end  of  paper.] 
^gain  clause  the  waters  to  flow  southward  with  the  present  lev^ela 
land  existing,  would  require  the  lake  to  be  raised  330  feet. 
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It  is  obvious  this  could  not  be  done  while  the  Nelson  river  outlet 
existed.  There  is  no  good  description  of  this  outlet,  it  never  being  used 
for  a  line  of  communication,  but  it  is  known  to  abound  in  rapids  and 
falls  which  seem  to  show  its  recent  origin.  If  we  suppose  the  ice  of 
the  glacial  period  to  have  closed  this  outlet,  such  barrier  would  have 
given  the  lake  the  whole  extent  of  the  basin  and  caused  its  di8c^^harg:e 
southward,  but  this  will  not  account  for  all  the  phenomena  obser\'ed. 

A  more  satisfactory  explanation  of  a  change  of  outlet  from  a  soutbern 
to  a  northern  one  is,  to  attribute  it  to  a  northern  depression  of  the 
basin ;  for  this  accounts  for  the  fact  that  Lake  Michigan  formerly  had 
a  southern  outlet  through  the  Illinois  river,  and  that  Lake  Winnebago 
also  had  a  much  greater  extent  and  a  southern  outlet  through  the 
Wii!it*>onsin  river.  The  shores  of  all  the  lakes  show  the  water  to  be 
receding  from  their  southern  sides  and  encroaching  upon  their  northern 
ones,  as  such  change  of  level  requires. 

This  northern  depression  is  known  to  be  going  on  along  the  Atlantic 
coast  from  New  Jersey  to  Greenland,  so  that  it  would  seem  to  be  con- 
tinental in  its  extent ;  but  further  consideration  has  shown  me  that  all 
the  waters  of  Winnipeg  basin,  even  if  they  had  continued  to  flow 
southward,  could  not  have  excavated  the  passage-way  now  occupied 
by  the  Minnesota  and  Mississippi  rivers,  and  we  must  go  further  back 
in  time  to  reach  a  sufficient  cause. 

In  doing  this,  we  will  first  consider  the  character  of  the  rivers  which 
existed  in  the  periods  preceding  the  glacial  epoch. 

During  the  cretaceous  i)eriod  we  know  that  an  ocean  extended  from 
the  i)resent  Gulf  of  Mexico  to  the  Arctic  ocean,  covering  a  large  portion 
of  the  space  between  the  Missouri  river  and  Rocky  mountains.  At  that 
time  the  country  through  which  the  upper  Mississippi  now  flows  was  dry 
land,  and  its  slopes  must  have  sent  its  waters  westward  to  that  creta- 
ceous ocean.  As  this  continent  rose  this  cretaceous  ocean  disappeared, 
and  the  tertiary  period  began  with  great  fresh-water  lakes  along  the 
base  of  the  Rocky  mountains.  Into  these  lakes  the  waters  of  the  upi)er 
Mississippi  region  continued  to  drain  westward. 

The  gradual  southwestern  elevation  of  the  continent  throughout  the 
tertiary  period  is  distinctly  proved  by  the  deposits  of  these  tertiary 
lakes. 

The  earliest  deposits  were  of  least  area,  and  as  they  become  more 
recent  they  expand  northeastward,  and  this  action  continued  apparently 
to  the  time  preceding  the  glacial  epoch.  This  deviation  at  the  south- 
west seems  to  have  been  in  progress  from  the  earliest  geological  ei>ochs, 
every  contemporaneous  formation  being  found  in  the  mountain  regions 
of  the  southwest  higher  than  to  the  northeast. 

Preceding  the  glacial  period,  then,  all  the  water-courses  of  the  upper 
Mississippi  region  were  westward  and  not  southward,  a«  now. 

Not  only  the  slope  of  the  land  but  the  great  folds  of  the  Silurian 
strata  compelled  the  water  to  this  course. 

Over  a  great  deal  of  the  region  thus  drained  no  rocks  more  recent 
than  the  Silurian  are  found,  so  that  it  must  have  been  dry  land  since  the 
Silurian  period. 

In  the  immense  ages  succeeding  the  time  of  the  Silurian  oceans,  the«e 
rocks  were  exposed  to  all  the  atmospheric  influences ;  and  we  can  con- 
ceive how  they  must  have  been  cut  up  by  ravines  and  valleys  encroach- 
ing on  each  other  in  endless  confusion,  somewhat  as  we  now  see  them 
in  the  bad  lands  of  Nebraska,  but  on  a  grander  scale. 

Even  the  hard  azoic  rocks  forming  the  dry  land  of  the  Silurian  period 
must  have  exhibited  the  most  stupendous  atmospheric  erosions.  These 
pre-glacial  erosions  can  still  be  distinguished  from  those  made  smee. 
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When,  tben,  the  glaciers  came,  it  would  seem  that  their  work  was 
easy,  and  they  have  planed  down  the  whole  region,  removing  Silurian 
stnita  500  feet  in  thickness  over  hundreds  of  miles. 

The  whole  upper  Mississippi  region  was  the  scene  of  the  drift  action, 
and  the  valleys  of  pre-existing  rivers  were  filled  up  and  mostly  buried 
out  of  sight.  The  existence  of  a  distinct  glacial  moraine  (unmodified) 
at  Warsaw,  on  the  Mississippi,  shows  that  the  glaciers  were  at  least  that 
far  south. 

I  have  determined  the  southwestern  limit  of  the  glacial  drift  action  to 
be  the  Missouri  river,  from  about  the  48th  down  to  the  43d  parallel  of 
latitude. 

The  modified  drift  forms  the  grand  Coteau  du  Missouri  lying  on  its 
ea«t  bank,  and  the  material  extends  thence  northeastward  almost  con- 
tinuously. 

From  the  Missouri  river  to  the  Rocky  mountains,  over  a  space  varying 
from  300  to  500  miles  in  width,  no  drift  is  found,  except  that  due  to  local 
glaciers  of  the  mountains,  which  in  some  cases  extended  for  50  miles 
east  of  their  bases. 

Tlie  existence  of  this  space  between  the  Missouri  river  and  the  Rocky 
mountains,  free  from  drift,  shpws  that  the  form  of  the  continent  and 
seas  in  the  glacial  time  were  such  as  to  produce  in  the  climate  relations 
similar  to  those  which  now  exist ;  namely,  that  the  mountains  to  the 
west  iutercei)ted,  as  they  now  do,  the  moisture  from  that  direction,  and 
that  the  supply  for  the  Mississippi  valley  came  from  the  south  as  now, 
moved  with  the  winds  in  a  northerly  direction  as  now,  and  left  an  arid 
region  such  as  we  now  have  along  the  plains  east  of  the  mountains. 

Since  low  temperature  and  moisture  combined  are  required  to  produce 
a  glacier,  it  follows  that  high  temperature,  or  aridity,  either  of  them, 
would  resist  their  formation  and  determine  their  limit. 

If  high  temperature  limited  them  southward,  and  aridity  westward, 
the  limiting  line  would  have  taken  a  northwest  and  southeast  direction, 
somewhat  as  the  summer  isothermal  line  now  does. 

The  motion  of  the  glacial  mass  must  have  been  along  the  line  of  least 
resistance;  and  towards  this  limiting  line, and  the  glacial  scratchings  in 
the  northwest  show  that  the  glacial  motion  was  southwest. 

There,  then,  on  that  limit  a  river  must  have  been  formed  to  carry  away 
the  melting  water  from  the  glacier,  and  this  limit  was  the  Missouri  river, 
and  that  was  the  river  formed  thereby. 

It  cut  along  this  glacial  limit  because  all  the  streams  west  of  it  came 
from  the  mountains  toward  it,  down  the  inclined  plain,  and  there  their 
old  course  was  terminated. 

We  see  what  lakes  must  have  periodically  formed  here;  Avhat  great 
barriers  must  have  been  formed  and  burst,  one  after  another,  and  what 
deluges  the  lower  valley  must  have  experienced. 

As  the  glaciers  began  to  retire  to  the  northeast,  as  long  as  the  general 
slope  of  the  plain  was  towards  the  glacial  mass,  successive  rivers  were 
marked  out  by  it  along  its  western  face;  and  all  have  a  parallelism  and 
are  close  to  each  other,  and  have  short  tributaries  or  parallel  branches, 
if  any.  They  are,  besides  minor  streams,  the  James,  the  Big  Sioux,  the 
Des  Moines,  the  Iowa,  and  Cedar  rivers;  and  finally,  the  Minnesota  and 
the  Mississippi,  the  last  of  the  parallel  rivers. 

After  the  lowest  line  of  the  continental  valley  was  passed,  the  glacier 
would  retire,  so  that  the  melting  water  would  run  directly  from  it,  and 
80  we  see  all  the  tributaries  of  the  Mississippi  on  the  east  side. 

This  direction  corresponds  with  that  of  the  pre- glacial  rivers,  and  it  is 
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probable  that  many  of  them  here  washed  out  and  regained  their  old 
beds;  such  as  the  St.  Croix,  Chippewa,  and  Wisconsin  rivers,  and  so 
their  appearance  would  indicate. 

The  bend  of  the  great  valley  along  the  Minnesota  river,  between 
Mankato  and  St.  Paul,  being  at  right  angles  to  the  main  course  of  all 
the  parallel  glacial  rivers,  would  seem  to  disprove  the  formation  of  this 
riv  er  having  taken  place  along  the  glacial  margin,  and  it  probably  is  the 
bed  of  one  of  these  pre-glacial  rivers.  It  lies  here  in  the  proper  fold  of 
the  Silurian  rocks  to  have  been  fonned  in  an  ancient  valley,  but  from 
St.  Paul  southwartl  the  present  course  of  the  Mississippi  is  cut  square 
across  the  fold  in  the  rocks,  and  the  glacial  action  is  the  only  explanation 
of  it. 

The  manner  in  which  the  glacial  a<3tion  produced  these  excavations  was 
not  by  abrading  the  strata  with  the  grinding  power  of  rocks  imbedded 
in  the  ice,  but  after  the  manner  in  which  a  block  of  marble  is  sawed. 
The  glacier  supplied  an  immense  power  in  the  melting  water,  and  into 
this  water  it  was  constantly  dropping  sharp  rocks  and  sand.  The  action 
of  falls  also  played  an  important  part  in  this  operation. 

The  waters  issuing  from  a  lake  have  little  abrading  power,  for  they 
have  comparatively  little  rubbing  material  to  operate  with.  Lakes  are 
only  drained  by  abrading  effects  produced  at  waterfalls  receding  up 
stream. 

The  waters  issuing  at  the  old  southern  outlet  of  Lake  Winnipeg  could 
make  no  impression  on  the  granitic  bed  of  the  Minnesota.  Had  this 
material  been  soft  like  the  Silurian  rocks  lower  down  in  its  course,  or 
like  the  tertiary  and  cretaceous  rocks  through  which  the  Missouri  has 
cut  its  way,  then  this  part  of  the  valley  might  have  been  worn  away  as 
the  others  have  been,  and  we  should  still  have  the  drainage  of  all  the 
"Winnipeg  basin  to  the  southward. 

A  cut  of  400  feet  at  Big  Stone  lake  would  have  drained  the  whole 
Winnipeg  basin,  nor  would  the  banks  then  have  been  as  high  as  those 
of  the  Missouri  at  the  Byrn  hills,  which  are  800  feet  above  the  water  of 
the  river.  The  slope  of  the  Missouri  is  more  than  double  that  of  the 
Mississippi,  and  hence  the  water  of  the  Missouri  river  is  several  hun- 
dred feet  higher  than  that  of  the  Mississippi  at  points  in  the  same  lati- 
tude in  their  upper  courses. 

An  examination  of  the  bluffs  along  the  Mississippi  shows  that  the 
space  between  them  is,  on  the  whole,  quite  uniform  in  width,  gradually 
increasing  downward,  being  about  a  mile  at  Big  Stone  lake,  and  reaching 
six  to  ten  miles  at  Commerce,  below  which  the  space  widens  out  to  from 
40  to  60  miles. 

Sometimes  the  river,  as  at  the  "  Grand  Tower"  and  at  **  Le  montagne 
qui  Trempe-i^-leau,"  and  several  other  places,  is  found  flowing  between 
bluffs  not  even  a  mile  apart,  but  the  bluffs  on  one  side  or  the  other  are 
always  foimd  to  be  a  detached  mass,  and  the  main  valley  exists  there 
too. 

Two  remarkable  exceptions  to  this  occur  at  the  rapids,  one  at  Keo- 
kuk, the  other  at  Rock  Island.  Without  lengthening  this  pax>er,  as  it 
necessarily  would  to  go  fully  into  an  explanation  of  these,  I  will  state 
that,  after  being  long  puzzled  by  them,  I  discovered  that  the  whole  valley 
had  been  covered  with  an  extension  of  the  Gulf  since  the  glacial  period 
as  high  up  as  Savannah  or  Dubuque.  That  the  silt  brought  in  by  the 
Des  Moines  river  in  the  one  case,  and  the  Iowa  and  Rock  rivers  in  the 
other,  during  this  period,  filled  up  entirely  the  valley  cut  out  by  the 
great  glacial  river,  and  that  when  the  land  rose  again  the  Mississippi 
could  not  at  these  points  regain  its  old  bed,  so  it  had  to  cut  a  new  one, 
and  this  is  not  yet  completed. 
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I    The  space  between  the  bluffs  at  these  two  places  has  the  width  the 
present  river  requires,  and  it  is  so  nowhere  else  in  its  whole  course. 
It  might  be  thought  that  these  investigations  do  not  affect  the  ques- 
tion of  improving  the  navigation  of  these  rivers  or  bridging  thein.    In 
'^nioWng^  obstructions,  we  have  two  kinds  to  deal  with,  such  as  arose 
Aom  causes  not  now  operating,  and  which,  once  removed,  would  not 

'^nr;  and  those  from  causes  that  are  now  operating,  and  which  must 

be  constantly  recurring  until  the  cause  itself  is  removed.    The  observa- 

tt)ns  I  have  made  form  the  basis  of  a  proper  appreciation  of  these 

Qinses. 

The  qaestion  of  bridging  the  Mississipi)i  keeps  in  view  largely  the 
^tion  of  the  stream  and  the  character  of  its  bed.  The  usual  argument, 
^t  the  scouring  action  that  has  been  may  take  place  again,  must  not 
^  applied  here,  till  we  can  separate  the  observed  effects  of  such  agencies 
« those  I  have  been  treating  of  from  those  now  at  work.  Instead  of 
probing  with  an  iron  rod  every  inch  of  the  bed  before  we  can  determine 
flie  j)ractical  depth  at  which  firm  rock  may  be  reached,  we  have  here 
Ktablisbed  gi-eat  conclusions  which  settle  the  question  for  all  points  at 
wee.  Perhaps  this  may  be  enough  to  say  on  the  subject,  but  I  will 
Bostrate  it  by  referring  to  what  took  place  all  along  the  Mississippi 
rhen  tlie  Winnipeg  basin  ceased  to  discharge  its  waters  southward. 

The  former  river  which  bore  along  all  the  sediment  brought  by  its 
iribntaries  was  gone.  Everywhere  along  its  course  these  tributaries 
iootinued  to  deposit  at  their  mouths  the  sand  and  heavy  material  as 
Wore,  and  there  it  accummulated  till  a  lake  gradually  grew  above  each 
||oint  of  junction.  The  waters  of  each  lake  gradually  spread  this  mate- 
Sal  down  the  valley  and  encroached  upon  the  lake  below  it,  as  a  delta 
idvanees  into  an}-  body  of  water  into  which  a  stream  flows.  These  lakes 
tere  thus  gra<lually  filled  up,  leaving  countless  delta  islands  in  their 
flace.  But  Lake  Pepin  still  exists,  made  by  the  sands  deposited  by  the 
flippewa. 

I^ac  qui  Parle  and  Big  Stone  lake,  on  the  Minnesota  river,  are  of  the 
iune  kind. 

80  is  Lac  Travers  also.* 

The  depth  of  water  in  these  lakes  is  still  50  to  70  feet  or  more.  So 
ftat,  iiavingthus  accounted  for  their  origin,  we  have  in  their  depth  the 
biit  measure  of  the  depth  of  sand  above  and  below  them. 

Tiiere  is  no  need,  when  Ave  know  how  this  river  passage  was  made,  to 

Bind  to  get  the  depth  of  the  sand.    We  know  the  foundation  every- 
ng  must  have  that  crosses  the  Mississippi.    The  exceptional  cases  at 
fte  rapids  I  have  explained. 

80  far,  what  I  have  said  is  mainlj^  in  the  way  of  a  demonstration  to 
teount  for  "certain  physical  features  of  the  upper  Missi8sipi)i  river.^ 

The  grandeur  of  the  suVyect  as  it  expands  before  us,  and  as  its  details 
toe  out  one  after  another,  I  have  tried  to  keep  from  influencing  my 
teervatious  and  my  deductions  therefrom. 

I  have  given  only  part  of  the  facts  by  which  my  conclusions  are 
ached,  and  not  drawn  all  the  inferences  which  the  facts  presented  will 
urant,  but  I  intend  to  do  both  fully  if  my  time  will  permit. 
If  there  is  any  credit  connected  with  this  subject  I  do  not  claim  any 
'  myself,  for  I  hardly  know  how  much  of  what  I  have  said  is  derived 
>m  others.    I  have  consulted  some  of  the  most  distinguished  geologists 

the  general  subject. 

Tho  obs^rvationa  of  Mr.  H.  Y.  Hiues  show  that  the  south  branch  of  the  Saskatehowaa 
iicrly  flowed  down  the  ABsiniboiu  river,  and  we  have  lakes  along  the  ancient  bed  the  same 
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I  am  particularly  indebted  to  Mr.  James  E.  Mills,  of  New  York,  whose 
investigations  of  the  gradual  northern  depression  going  on  along  tlie 
Atlantic  ex)ast  suggested  to  me  to  account  for  the  change  of  outlet 
of  hike  Winnipeg  in  the  manner  I  have  done. 

I  believe  my  observations  in  themselves  demonstrate  this  depression 
to  be  going  on  along  the  great  central  valley,  so  that  we  are  authorized 
to  conclude  that  it  probably  embraces  the  whole  continent. 

This  must  effect  all  the  rivers  and  all  the  lakes,  bays,  and  oceans 
around  us,  and  so  far  as  my  observation  and  reading  extend,  they  all 
give  the  same  proof  of  it. 

It  is,  however,  a  field  for  many  observers,  and  I  have  ventured  this 
incomplete  showing  so  that  others  who  have  the  opportunity,  and  deem 
it  worthy  of  their  efforts,  may  help  along. 

1  have  added  a  map  showing  the  ancient  Lake  Winnipeg,  and  on  the 
same  map  shown  the  extension  of  the  Gulf  of  Mexico,  after  the  glacial 
period.  I  do  not  mean  to  assert  that  this  northern  lake  and  this  exten- 
sion of  the  southern  ocean  disapi)eared  at  the  same  time,  but  the  one 
cause,  namely,  northern  subsidenc/C  and  southern  elevation,  will  account 
for  the  disappearance  of  both.    [For  map  see  original.] 

2.    General  considerations   regarding  the  oiprovem:ent  of 

these  rivers. 

The  primary  part  of  this  chapter  shows  that  all  the  rivers  under  inves 
tigation  by  me,  for  the  purpose  of  improving  their  navigation,  are  in 
the  trouglis  of  what  was  formerly  far  mightier  streams  than  are  now 
flowing;  that  the  ancient  rivers  were  not  only  greater  in  volume,  but  cut 
deeper  into  the  bed  through  which  they  flow ;  and  that  these  ancieut 
beds  are  now  silted  up  many  feet  deep,  from  60  to  100  feet  at  lea^t 

From  the  liock  Island  rapids  upward,  all  the  tributaries  on  the  south 
side  are  short  and  small  in  volume,  and  the  principal  tributaries,  viz.,  the 
Wisconsin,  Chippewa,  and  St.  Croix,  are  on  the  north  side. 

Even  the  Mississippi  itself,  above  the  junction  of  the  Minnesota,  is 
probably  a  northern  tributary  to  the  great  rivertroiigh  which  the  Minne- 
sota occupies  in  continuation  of  that  occupied  by  the  Mississippi  below 
their  junction — the  one  course  of  the  great  ancient  river. 

It  would  have  been  much  more  convenient,  for  the  purpose  of  descrip- 
tion and  investigation,  if  the  Minnesota  had  received  the  name  of  Mis- 
sissippi. Even  the  greatness  of  the  river  would  not  have  suffered  by  it ; 
for  we  can  now  carry  our  minds  back  into  the  past,  to  the  time  when 
the  extreme  sources  of  the  Mississippi  included  those  of  the  Saskatche- 
wan and  Mississippi,  if  not,  too,  the  Peace  river,  and  other  streams  and 
lakes  now  tributary  through  the  Mackenzie  river  to  the  Arctic  ocean. 

The  Missinnippi,  or  Churchill  river  now,  in  flood  stages  sends  its  waters 
to  Lake  Winnipeg.  The  Missinnippi,  singularly  enough,  is  named  by 
the  same  Indians  that  named  the  Mississippi ;  the  name  is  nearly  the 
same,  and  has  the  same  meaning,  ^'  great  water." 

When  these  northern  rivers  contributed  their  water  to  the  Mississippi, 
it  brought  no  sediment  along,  for  all  that  it  contained  was  left  behind 
in  the  ancient  Lake  Winnipeg.  The  ancient  river  must  have  been,  like 
the  present  one,  a  clear  stream. 

With  the  exception  of  the  Minnesota  river,  some  of  whose  tributaries 
come  from  cretaceous  and  tertiary  rocks,  all  the  rivers  above  the  Rock 
Island  rapids  come  from  the  Silurian  or  older  rocks,  which  are  mostly  cov- 
ered with  drift.  They  are  all  clear- water  streams  except  the  Minnesota, 
and  it  is  most  instructive  to  see  how  different  is  the  action  of  a  clear- 


i)  to  dredging  out  tbe  saud-bnrs,  to  wing-dams  to  cause  the  water 
them  out,  or  to  side  canals  with  locks.  Tlie  Miimesota  seems 
lat  more  favorable  for  dams  and  ]o<;ks,  particularly  in  its  up)>er 
where  there  ia  a  granite  bed. 

LL    COKSIDERAriOKS  REGARDING    TEE    BRIDGINCt    OF    THE    MI8- 


;reat  trough  of  the  ancient  Mississippi  gradually  widens  as  we 
I,  and  from  being  a  mile  wide  at  St.  Paul,  becomes  10  miles  wide 
ouis.  Occasionally,  as  at  Trempeleau  and  Fulton,  the  high  banks 
approach  much  closer  together  than  this  would  indicate,  but 
generally  a  wide  low  ralley  seitaratiiig  this  detached  bluff  from 
u  bluff,  «u  the  aide  opposite  that  where  ttie  river  now  flows, 
ilaecs  would  furnish  the  best  location  for  high  bridges  without 
were  such  required. 

;  are,  besi^les,  the  two  exceptions  presented  at  the  rapids  where 
oHitc  bluffs  favor  high  bridges.  The  extreme  broad,  low  valley, 
r,  makes  high  bridges  generally  very  exiiensive  to  construct 
approaches  to.  Drawbridges  have  theretbre  been  so  far  iuva- 
doptcd  for  railroad  bridges  across  the  Mississippi, 
lature  of  the  bed  as  we  now  And  it,  from  the  nature  of  its  forma- 
nders  it  generally  impracticable  to  reach  rock  foundation  for  the 
rjd  grillage  and  piling  (some  of  it  of  a  very  rude  kind)  has  been 
support  the  piers.  Tlie  crossing  of  the  Mississippi  by  a  railroad 
A'hicb  shall  not  at  all  obstruct  the  navigation,  is  a  very  serious 
king.  None  yet  built  can  claim  to  be  such.  That  at  Rock 
s  positively  dangerous.  Congress  has  made  laws  which  permit 
struction  of  tolerable  stnu^tures,  but  it  is  believed  that  in  the 
se  will  have  to  give  way  to  bett«r  ones. 

therefore  preparing  this  purt  of  my  detailed  report  with  great 
meet  the  wants  of  future  legislation ;  and  as  there  is  no  pressing 
it  at  this  time,  will  reserve  Siiying  anything  further  on  this  sub- 
the  detailed  report  is  complete.  It  is  time,  however,  that  Con- 
lould  designate  some  branch  of  the  government  to  see  that  Che 


C 
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Many  questions  in  relation  to  scour,  suggested  by  the  deposits  found, 
are  also  disposed  of  by  my  general  consideration  of  the  subject.  For 
instance,  in  regard  to  the  contraction  of  the  water-way  by  piers  and 
embankments,  I  think  we  may  conclude  that  the  present  section  of  the 
Mississippi  is  just  of  that  area  which  adjusts  the  force  of  the  current 
to  the  resistance  of  the  bed,  composed  of  material  deposited  by  the 
stream.  Any  decrease  of  the  section  must  increase  the  velocity,  and 
this  will  scour  and  deepen  the  bed,  or  widen  it  where  not  protected,  till 
the  original  area  of  section  is  restored. 

We  should,  then,  before  building  a  bridge,  be  careful  to  get  the  extreme 
discharge  at  flood  stages,  and  the  mean  and  maximum  velocities  at  that 
time,  and  allow,  in  placing  the  foundation,  for  a  scour  to  take  place  some- 
where in  the  bed  proportional  to  the  contraction  we  subject  the  section 
to,  and  in  the  inverse  ratio  of  the  velocity  at  the  points  where  the  con- 
traction is  made,  to  the  velocity  at  the  points  left  open. 

It  will  be  seen  from  this,  that,  rock  beds  admitting  of  no  abrasure,  a 
permanent  increase  of  velocity  must  attend  the  contraction  of  the  water- 
way, and  as  these  beds  are  only  found  where  rapids  and  swift  currents 
already  exist,  such  locations  for  bridges  are  exceedingly  unfavorable  to 
navigation,  on  accoimt  of  the  swift  water  rendering  the  x^assage  of  the 
pier  very  difficult. 

The  bed  of  the  river  where  the  bed  is  sandy  readily  adjusts  itself  to 
the  contra(jtion  produced  by  the  piers  and  approaches  to  the  bridge,  and 
the  velocity  of  the  cun*ent  is  not  much  changed  in  the  end.  But  pre- 
caution must  be  taken  by  the  engineer  to  allow  for  the  scour  in  placing 
the  pier  foundations,  as  above  explained. 

BRIDGING  THE  OHIO  RIVER. 

The  friends  of  safe  navigation  on  this  river  made  such  strenuous  efforts 
to  protect  their  interests  by  further  legislation  in  Congress  at  its  last 
session,  that  the  subject  was  brought  prominently  before  the  notice  of 
our  legislators.  The  chairman  of  the  Senate  Committee  on  Post  Offices 
and  Post  Eoads  consulted  me  on  the  general  subject  of  bridging  that 
river,  «&c. 

As  great  point  was  made  of  the  obstruction  to  navigation  which  the 
Steubenville  bridge  occasioned,  and  as  no  survey  or  report  of  the  bridge 
was  available  to  me,  I  suggested  and  obtained  authority  of  the  chief 
engineer  to  make  an  examination  of  it.  This  I  did  on  the  22d  of  June, 
making  use  of  the  assistants  of  Mr.  W.  Milnor  Roberts,  United  States  civil 
engineer  in  charge  of  the  improvement  of  the  Ohio  river.  Mr.  Roberts 
also  aided  me  personally  in  the  examination. 

The  report  I  made  on  that  bridge,  and  an  estimate  of  the  cost  of  build- 
ing a  high  bridge  of  500  feet  span  for  the  Ohio,  are  printed  with  the  com- 
mittee report  No.  168,  2d  session  40th  Congress.  My  report  shows  that 
a  defective  location  reduces  the  span  of  300  feet  which  exists,  as  pro- 
vided by  law,  to  a  practical  span  of  250  feet  for  navigation,  and  that  this 
location  might  have  been  avoided.  On  this,  and  on  my  examination  of 
other  bridges  in  the  Mississippi  valley,  w^as  based  my  recommendation 
that  the  supervision  of  the  location  of  every  authorized  bridge  should 
be  placed  in  charge  of  the  War  Department,  so  that  the  provisions  (Con- 
gress has  made  for  the  security  of  navigation  might  be  enforced.  A 
similar  provision  should  be  added  to  the  present  law  regidating  the  bridg- 
ing of  the  Mississippi  river. 

The  banks  of  the  Ohio  differ  from  the  Mississippi  very  materially  in 
their  character,  being  much  closer  together  and  favoring  continuous  high 
bridges,  instead  of  low  ones  with  draws. 
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The  much  greater  range  from  high  to  low  water,  20  feet  in  the  Mis- 
sissippi, and  50  feet  in  the  Ohio,  make  continuous  bridges  much  more 
desirable  for  the  latter. 

The  sloiM?,  too,  of  the  water  is  much  greater,  and  the  bed  is  composed 
in  the  upper  part  of  much  coarser  material. 

Then,  too,  in  low  wat«r  the  Ohio  contains  frequent  shallow  boulder 
rapids  with  considerable  current,  and  intervening  deep  pools  with  but 
little  current. 

For  the  sake  of  affecting  the  velocity  of  the  stream  as  little  as  possible, 
and  to  get  places  where  the  current  itself  does  not  change  its  direction 
in  different  stages  of  the  river,  the  pools  afford  the  best  location  for 
bridge^s  to  ac<;ommodate  the  na\igation. 

A  full  pre^sentation  and  thorough  discussion  of  these  relations  of  the 
river  and  navigation  to  the  bridges  and  railroad  transportation  must  be 
left  for  my  special  report  on  that  subject. 


Chapter  IV. 

Bi$tory  of  the  improvement  being  carried  on  on  the  Mississippi  river. — 

Uight  plates, 

A  somt^what  extended  discussion  of  the  method  of  improving  the 
navigation  of  the  river  was  given  in  my  preliminary  report,  dated  Janu- 
ary 29,  18G7,  (H.  Ex.  Doc.  No.  58,  2d  session  39th  Congress,)  to  which  I 
Would  refer  for  more  detail  than  I  have  now  time  to  write.  This  report 
k  in  the  main  correct,  but  it  has  sev^eral  errors  in  the  printing,  and  some 
infusion  in  the  style — I  trust  excusable  in  such  hastily  prepared  reports 
M  we  are  compelled  to  make  upon  subjects  involving  so  many  considera- 
tions. Some  of  these  errors  of  print  are  pointed  out  in  my  annual  report 
4}  the  Chief  of  Engineers,  accompanying  his  annual  report  to  the  Secre- 
tary- of  War,  and  will  be  found  among  the  documents  accomi>anying  the 
Resident's  annual  message  to  Congress,  on  its  assembling  in  December, 
1867.  The  conclusion  I  came  to  in  18G6  determined  me  to  recomniena 
he  introduction  of  Long's  scraper,  because  of  "  the  difficulty,  uncer- 
ainty,  and  expense  which  attend  the  use  of  dams."  I,  however,  did 
■commend  an  appropriation  of  $10,000  for  the  purpose  of  giving  dams 
^  trial.  Congress  appropriated  $90,000,  according  to  reeommendation, 
Gor  the  construction  of  two  dredges  and  snag-boats  on  the  Mississippi, 
and  operating  them  one  year,  but  gave  nothing  for  dams.  In  the  report 
submitted  by  me  April  6,  1868,  to  the  Chief  of  Engineers,  printed  as 
House  Ex.  Doc.  No.  247,  2d  session  40th  Congress,  I  say  of  the  Missis- 
sippi river  improvement  as  follows:  "  Of  the  appropriation  of  ninety-six 
thousand  dollars  ($96,000)  for  two  dredges  and  snag-boats,  and  operat- 
ing them  one  year,  there  remain  the  two  boats  purchased,  and  $20,181  39 
unexpended.  This  money  will  be  needed  before  the  end  of  the  pres- 
ent fiscal  year  to  complete  the  repairs,  changes,  and  outfit  for  snagging 
and  wrecking  which  these  boats  require,  and  they  will  then  be  ren- 
dered efficient  for  such  work.  To  continue  them  in  service  the  coming 
jear  will  require  for  eaeh,  according  to  the  original  estimate,  $18,000,  or 
for  both,  $36,000.  These  boats  were  found  to  operate  most  satisfactorily 
for  the  purpose  designed.  A  detailed  report  of  their  working  will  be 
given  along  with  the  other  full  report  of  the  year's  operations  to  accom- 
pany the  next  annual  report.  A  depth  of  three  feet  was  secured  by 
them  throughout  the  season.  The  service  they  are  perlbrming  is  such 
that  a  continuous  appropriation  is  necessary,  and  the  good  they  a<5com- 
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plish  is  too  great  to  be  dispensed  with,  uuless  a  most  desperate  want  of 
means  should  compel  them  to  lie  up.  Letters  from  the  principal  steam- 
boat men  navigating  the  upper  Mississippi  testify  to  the  great  benefit 
the  dredging,  or  more  properly  the  scraping,  produced  on  the  bars ;  and 
the  result  of  the  past  year's  work  convinces  me  that  these  boats  can  be 
relied  upon  to  increase  the  depth  over  the  sand-bars  from  eight  to  Vi 
inches  in  low  stages,  which  it  is  safe  to  say  nearly  doubles  the  carrying 
capacity  of  the  boats  now  in  use.  The  sand-bars  have  their  shoalest 
part  at  the  lower  edge;  deepen  suddenly  below  this,  and  very  gently 
above,  so  that  an  increased  depth  of  one  foot  will  not  be  found  within 
from  150  to  200  feet  above  the  lower  edge.  I  believe,  however,  that  an 
increased  depth  of  one  foot  is  as  great  an  alleviation  a«  can  be  relied 
upon  b3^  scraping,  without  a  disproportionate  expense,  and  in  some  locali- 
ties such  complications  exist  in  the  sand-bars  that  it  will  probably  be 
necessary  to  resort  to  wing-dams,  or  jcttees,  so  as,  if  not  to  prev^entthe 
obstruction  forming  below,  at  least  to  reduce  it  to  a  more  simple  form. 
Such  a  ca«e  Frenchman's  bar,  below  St.  Paul,  presented  last  year.  There 
are  cases,  too,  where  the  river  becomes  di^ided  into  several  channels, 
none  of  which  afford  the  same  depth  as  where  the  river  is  united,  and 
it  is  then  desirable  to  close  up  all  but  one.  Such  a  case  exists  above 
Nininger.  There  are  also  cases  where  small  but  deep  and  favorable 
low- water  channels  exist,  which  escape  the  sand  moved  at  high  water 
and  deposited  into  the  main  channel,  and  whicu  need  protection  at  low 
water  from  the  sand  brought  into  them  from  the  main  channel  through 
connecting  i)assages,  and  also  the  prevention  of  the  escape  of  water 
from  them.  Such  a  case  is  presented  at  Beef  slough.  There  are  also  a 
variety  of  other  cases  that  could  be  enumerated,  and  msiny  that  cannot 
be  foreseen,  but  which  must  be  remedied  as  they  occur.  It  will  be 
necessary,  too,  in  some  places,  to  protect  the  banks  and  islands  from 
abrasure.  In  all  these  cases  I  would  use  stone,  and  tre^s,  and  brush ; 
the  stone  furnishing  the  weight  to  hold  the  dam  in  place,  and  tlie  trees 
and  brush  the  bond  to  keep  it  together  as  one  mass,  and  prevent  it5 
being  removed  piecemeal.  This  combination  is  also  well  adapted  to 
collect  sand  in  and  around  it,  and  thus  increase  its  stability  and  effect. 
I  think  it  was  the  absence  of  a  suitable  bond,  like  the  wood  affords,  that 
rendered  the  dams  formerly  placed  on  the  sandy  portions  of  the  Ohio 
(independent  of  any  defect  of  location)  so  unstable;  besides,  as  a  reason 
for  not  applying  the  Ohio  experience  to  the  upper  Mississippi,  there  is 
the  great  difference  in  their  high-water  velocities,  which  are  so  much 
greater  on  the  Ohio. 

"The  proper  method  of  a])plying these  dams  on  the  upper  Mississippi 
depends  upon  the  peculiarity  of  the  river.  Its  waters  are  clear,  and 
there  is  no  mud  depositt»d  from  it.  The  bed  and  bottom  are  nearly  all 
sand.  The  bottom  lands  are  overflowed  many  feet,  and  their  height  is 
just  that  to  which  the  current  will  raise  the  sand  as  it  passes  over  the 
bed,  and  is  the  same  height  as  the  tops  of  the  highest  bars,  which  differ 
from  islands  and  bottoms  only  in  not  having  been  formed  long  enough 
to  have  produced  a  growth  of  trees.  The  sand  is  v^ery  heavy,  composed 
mainly  of  silica,  with  some  iron.  When  stirred  up  it  sinks  again  very 
rapidly.  It  is  moved  along  mainly  at  high  water,  and  stops  as  soon  as 
the  current  slackens,  so  at  low  water  comparatively  little  sand  is  in 
motion.  I  am  having  very  careful  measurements  in  progress  to  deter- 
mine, better  than  we  now  know,  the  motion  of  the  sand,  Avhich  in 
different  years  presents  such  a  variety  of  phases.  It  seems  certain  that 
all  improvements  will  have  to  be  made  to  meet  occasions  for  them  yearly 
as  they  arise;  and  besides  the  dredge-boats  we  now  have,  we  must  have, 
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at  properly  chosen  localities,  large  collections  of  stone  ready  for  use, 
and  barges  to  be  used  in  connection  with  steamboats  for  loading  the 
stone.  The  brush  and  trees  can  be  cut  at  any  time  they  are  needed. 
Estimates  cannot  now  be  made  of  how  much  money  can  be  advan- 
tiigeously  expended  yearly  on  this  kind  of  improvement  without  some 
experience  in  their  use.  The  amounts  heretofore  estimated  for  this  pur- 
pose by  me  were  $5,000  at  Wacouta  chute  and  $5,000  at  Prescott  island. 
1  do  not  think  this  amount  is  suflficient  to  test  the  effect  of  such  works, 
and  recommend  that  the  amount  be  made  $25,000.  It  should,  besides, 
be  so  appropriated  that  the  engineer  can  apply  it  where  it  may  be 
needed  at  the  time.  As  an  example  of  the  impossibility  of  saying  what 
should  be  done  beforehand,  the  case  of  Prescott  island  may  be  given, 
which  in  1867  had  by  far  the  best  channel  on  the  side  that  in  18G6  it  was 
thought  best  to  close  up.  A  provision  should  be  made  in  the  law 
authorizing  the  engineer  to  close  such  channels  as  he  thinks  best  for  the 
public  good,  so  that  he  will  not  be  stopped  by  injunctions,  and  difficulties 
certain  to  arise,  as  they  did  in  the  past  year  in  the  attempt  of  the  Chip- 
pewa River  Improvement  Company,  organized  under  the  laws  of 
Wisconsin,  to  close  the  Big  Beef  slough. 

"I  feel  prepared  now  to  give  this  plan  of  closing  diverging  channels  a 
more  extended  trial  than  I  did  on  completing  my  former  report,  and 
wish  to  have  my  powers  defined  in  attempting  to  carry  on  such  work." 

I  see  no  occsision  now  to  change  the  views  expressed  i\s  above  quoted. 

The  oi>erations  of  these  boats  duiing  the  months  of  July  and  August 
have  been  most  satisfactory.  The  river  has  been  fluctuating  between 
tw^o  and  three-fourths  feet  and  four  feet  on  the  shoal  bars,  and  at  first 
stopped  the  larger  class  of  boats  from  running. 

This  low  period  came  on  unusually  early  in  the  season,  and  the  Caffery 
and  Montana  were  undergoing  repairs  and  alterations  to  fit  them  for 
snagging.  The  Caffery"  was,  however,  hastily  fitted  up  for  scraping  and 
put  at  work  on  the  bars,  and  although  she  had  double  duty  to  perform, 
restored  the  navigation  for  the  largest  boats,  and  has  maintained  it  ever 
since.  The  frequent  short  rises  and  falls  caused  her  work  to  be  con- 
stantly repeated;  and  this  demonstrates,  beyoiui  cavil,  her  great  useful- 
ness. The  steamboat  owners  became  so  satisfied  ot  this  that  they 
solicited  and  obtained  from  me  the  use  of  an  extra  scraper  I  had  on 
hand,  to  put  on  one  of  their  own  boats  and  work  at  their  own  expense 
betw een  Keokuk  and  St.  Louis,  where  the  bars  had  become  troublesome 
to  the  large  boats  running  in  that  part  of  the  river,  and  for  which  no 
appropriation  had  been  nuule  by  Congress.  Though  we  cannot  claim, 
until  experience  has  shown  us  how  tar  these  boats  can  benefit  navigation 
iu  very  unsually  low  water  seasons,  we  may  regard  them  a  success,  as 
having  enabled  the  largest  steamboats  to  reach  St.  Paul  two  consecutive 
years,  when  experience  shows  that  without  our  dredging  they  otherwise 
would  have  been  compelled  to  lie  up.  and  justifies  the  recommendations 
made  at  the  end  of  this  report  for  means  to  continue  their  operations 
the  ensuing  year. 

The  intereiit  which  this  dredging  with  Long's  scraper  has  excited  in 
the  Mississippi  valley  has  caused  me  to  embody  the  detailed  reports  of 
H.  C.  Long,  United  States  civil  engineer,  as  a  part  of  this  chapter,  so 
that  full  information  will  be  available  for  those  who  may  wish  to  adopt 
the  use  of  the  Long's  scraper. 

Major  H.  C.  Long,  United  States  civil  engineer,  has  my  highest  appro- 
bation of  the  performance  of  the  duties  intrusted  to  him,  which  he  has 
conducted  to  success  against  disheartening  opposition  from  skeptical 
men. 
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The  steamboats  Montana  and  Caffrey  were  purchased  at  St.  Ix^ais  at 
private  sale;  for  the  former  $30,000  was  paid,  for  the  latter  $8,500. 
Everything  relating  to  them  is  given  in  Major  Long's  report. 

An  advertisement  was  made  for  proposals  to  sell  the  government 
suitable  boats,  but  no  satisfactory  proi>osal  was  received — the  only  one 
being  for  a  stern-wheel  boat,  which  we  did  not  deem  suit-able.  After 
that  due  notice  was  given  in  tlie  papers  for  proposals  to  hire  boats  to  the 
United  States,  but  no  offer  was  made.  The  course  taken  was  the  onlj 
one  left,  as  it  was  too  late  to  build  boats  for  the  service  in  1867. 

Report  of  H.  C,  Lofig^  United  States  civil  engineer j  on  the  adaptation  of 
Colonel  Long*8  scraper  to  the  steamboats  Montana  and  Caffrey  and  opera- 
tions  in  1S67  J  with  seven  plates. 

United  States  Engineer's  Office, 

Saint  Pauly  December  ^l^  1867. 

General  :  I  have  the  honor  to  report  my  connection  with  the  intro- 
duction and  use  of  the  scraper  invented  by  the  late  Colonel  Stephen  H. 
Long,  United  States  engineers,  as  follows : 

On  the  12th  of  August  an  arrangement  was  made  with  Mr.  D.  S. 
Stombs,  machinist  of  this  city,  for  the  construction  of  three  of  the 
above  scrapers,  two  of  larger  dimension,  having  five  cutters,  and  one 
smaller,  with  four  cutt-ers,  the  former  to  cost  $700  each,  the  latter  $666. 
This  arrangement  was  faithfully  carried  out  by  Mr.  Stombs  and  the 
work  delivered  ai!i  8i)ecified. 

The  accompanying  plate,  marked  No.  1,  shows  all  the  details  of  con- 
struction of  the  smaller  scraper.  The  larger  differed  iu  no  respect,  except 
at  the  base  of  the  triangle  there  were  five  semi-circular  cutters  instead  of 
four.  The  general  plan  of  the  whole  apparatus  will  be  found  to  be  the 
same  as  that  recommended  in  my  report  to  you  of  December  26,  18(>6, 
(see  H.  Ex.  Doc.  No.  58,  pp  67  to  73,)  and  is  distinctly  set  forth  in  the 
accompanying  plates  and  explanations.     (See  plates  No.  1  and  2.) 

PLATE  NO.  1. — ^EXPLANATIONS. 

Fig.  1. — Front  view  of  scraper,  with  the  buckets  or  cutters  attached ; 
platted  on  the  scale  of  four  feet  one  to  inch.  ABC,  triangular  frame 
of  scraper  of  oak,  with  its  bands,  braces,  bolts,  &c.  The  drag  chains 
are  fastened  at  B  and  C.  D  D  D  D,  the  buckets  or  cutters  of  boiler 
iron.  E,  bowsprit  of  boat,  showing  position  of  shears  and  chain  by 
which  the  scraper  is  raised  or  lowered  when  operating  on  the  bars. 

Fig.  2. — Isometric  view  of  lower  part  of  scraper  on  same  scale  as 
above. 

N.  B.  The  same  letters  refer  to  the  same  parts  of  the  scraper  in  all 
the  drawings. 

PLATE  NO.   2. — EXPLANATIONS. 

iSide  view  section  and  details  of  scraper,  scale  four  feet  to  one  inch.) 
^ig.  1. — Side  elevation  of  frame  and  cutters  or  buckets.  ABC, 
triangular  frame  of  oak,  with  its  straps,  bolts,  and  braces ;  D,  bucket; 
E  E,  bowsprit;  G,  friction  i oilers,  to  facilitate  rising  and  lowering  tlie 
scraper. 

Fig.  2. — Portion  of  base  of  scraper  frame,  showing  method  of  bolting 
cutters  or  buckets,  D  D,  to  lower  beam  by  their  flanges. 
Fig.  3. — Section  and  side  view  of  same. 
Fig.  4. — Under  side  of  lower  beam,  B  G,  showing  position  of  iron 


>k  her  departiit-u  fi-uiii  St.  l':iul  I'm-  e\i>t'i'iiiieiit)il  uperatiunti  on  the 

•L-lon'  (III  tlie  -Jtli  of  tlie  siiiitij  mouth,  uiidt-r  your  iit'isomil  siipur- 

I  wititesM-d  tlie  lirst  oxtKuimeiits  with  tliiit  mrrii|>erat  Niuiitu-;or 

^Dchmun'H  bar,  thiee  milos  Ucknv  thia  city.    Ttie  Miif(-<^»st'ul  ope- 

of  the  iniu-hiiu',  the  facility  with  wliit-h  it  was  liaudleil,  lieiug 
or  lowered  to  any  re«|uin;d  ilppth,  was  obsiTved  aud  uuiveisiilly 
rknlged  by  those  on  board  the  Moutaua,  including  quit*  a  num- 
iuvited  jfuests.  On  the  Oth  OctoU'i-,  the  Moutaua  lelt  St.  Paul 
k  on  the  bars  Iwlow.     My  eonnectiou  with  the  boat  was  diswdved 

time.  I  shall  tliei-efore  not  atteuii>t  any  further  dcMTiption  of 
y  siiecessful  ciiteer,  which  tenninatttd  with  her  going  intit  winter 
tt  at  Dubuque,  Iowa,  about  the  I'Utli  Noventbt-r.  During  the 
above  meutioued,  from  October  1  to  Xovember  20,  the  Montana 
istaiitly  ^^  work;  uo  break  or  lu^eideut  hapiiened  tu  her  scra])iug 
ery  whiob  oeeasioned  any  delay  or  iutert'ered  with  its  uf^efulness, 
oniigtlie  care  with  which  it  had  been  designed  an<l  constructed, 
iccompauying  plates,  Nos.  3  and  4,  show  correctly  the  nietliod  of 
ng  the  s«-nii>er  to  the  Alotitatni,  and  the  general  ajtiiearauce  of 
d  app.iratus  when  ready  for  work. 

PLATE  >0.  3. — EXI'LANATIOKS. 

e  eight  feet  to  one  inch.) 

I. — Plan  of  bow  of  steamer  Montana,  showing  portion  of  main 
id  manner  of  fastening  liowsprit  to  same,  also  position  of  capstan, 
falls,  and  tackle,  for  raising  and  lowering  scraper. 
i. — Section  or  side  riew  of  same.  This  figure  shows  the  «erai>er 
up  and  tilted  back  in  convenient  ]iosition  for  steamer  when 
ray  running  from  point  to  jioiut,  engaged  in  towing  or  snagging, 
bus  raise<l,  tlic  Bcriii)er  docs  not  interfere  with  the  operations  or 
y  business  of  any  steamer  to  wliich  it  may  be  attacheiL 

PLATE  NO.  4. — EXPLANATIONS. 

ne  sketch  in  jwrspective  of  Cnitcd  States  steamer  Montana, 
;  her  relative  position,  and  dimensions  of  scraper  and  steamer. 


\ 
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charge  of  the  repairs  required  by  the  steamer  C.  J.  Caflfi^y,  also  to  fiir- 
nish  plans  for  and  suspend  the  smaller  scraper  to  bow  of  same.  This 
boat  arrived  at  St.  Paid  from  St.  Louis  on  the  12th  September,  in  com- 
mand, Captain  James  T.  Griffith. 

The  Montana  being  comparatively  new,  in  complete  ord^r,  and  a  verj' 
strong  first-class  boat  required  no  further  work  than  was  necessary  to 
build  the  bowsprit  and  attach  the  scraper. 

The  Caffrey  was  about  six  years  old,  had  been  subject  to  hard  usage 
during  the  war,  and  was  much  out  of  order.  It  was  necessary  to 
strengthen  her  bows  very  materially,  in  order  to  enable  her  to  bear  the 
weight  of  the  scraper  and  the  strain  of  dragging  or  pulling  while 
operating  on  the  bars ;  besides,  her  machiney  wanted  extensive  over- 
hauling and  repairs. 

The  following  comprises  a  list  of  repairs,  executed  under  my  direc 
tion,  by  Mr.  Stombs  and  various  machinists  and  mechanics  employed  for 
that  purpose. 

1.  The  boiler  and  hurricane  decks  were  shortened  about  13  feet 

2.  New  flanges  and  plumber  blocks  were  cast,  and  entirely  new  water 
wheels  were  put  in. 

3.  All  the  main  deck  forward  of  the  hatches  was  taken  up,  the  defect- 
ive flooring  timber  removed,  and  the  whole  recalked. 

4.  The  iron  sheathing  at  the  bow  was  removed,  the  bow  recalked. 

5.  The  bits,  capstan,  and  jack-staft'  removed,  the  capstan  repaired,  and 
connection  with  the  hoisting  engine  shortened. 

6.  Cylinder  timbers  repaired  and  wedged  up,  diagonal  bracing  placed 
under  same  on  each  side. 

7.  Diagonal  bracing  introduced  between  decks,  extending  midships 
from  boiler  stanchions  to  bow. 

8.  Hog-chains  fastened  hy  clamp  to  bow,  and  extending  back  between 
decks  to  boiler. 

9.  Clamps  of  oak  framed  to  sides  of  vessel,  near  swell  of  bow,  and 
secured  by  hea\'y  iron  rods  extending  across  boat. 

10.  Cylinders  reset  and  lined ;  metallic  packing  to  piston  rods  repaired, 
valves  to  engine  and  doctor-rod  readjusted,  and  all  the  machinery  of  the 
boat,  including  ''nigger^'  or  hosting  engine  and  doctor,  overhauled  and 
cleaned,  and  many  other  minor  repairs  and  improvements  introduced 
not  necessary  to  mention  in  detail.  Finally,  the  timbers  for  the  bow- 
sprit were  framed,  the  scrapers  and  all  other  appliances  in  position,  and 
the  C.  J.  Cafti'ey  reported  ready  for  active  service  October  29,  1867. 

The  general  dimensions  of  the  Caft'rey  are  as  follows,  viz:  length  on 
deck,  150  feet;  width  on  deck,  30  feet ;  width  across  guards,  38  feet  front 
of  wheels;  depth  of  hold,  4^  feet;  boilers,  (two,)  20  feet  6  inches  by  3 
feet  6  inches,  3  flues  in  each ;  engines,  (two,)  5-feet  stroke,  15  inches  diameter 
of  cylinder ;  tonnage,  288  tons,  custom-house  measurement ;  draught, 
light,  28  inches;  ditto,  light,  32  inches,  with  water  in  boilers  and  20  cords 
wood  on  board. 

The  accompanying  plates,  5  and  6,  show  the  method  of  attaching  the 
scraper  to  the  Caffrey.  It  will  be  observed  to  dift'er  in  a  few  particulars 
from  that  on  the  Montana.  The  timbers  of  the  bowsprit  are  lower  and 
carried  further  back,  and  but  one  cross-piece  introduced.  We  were 
enabled  to  effect  this  improvement  by  altering  the  position  of  the  cap- 
stan and  shortening  the  connection  with  the  hoisting  engine,  before 
alluded  to. 

PLATE  NO.  5. — ^EXPLANATIONS. 

(Section  of  steamer  Caffiey,  from  bow  to  near  center  of  boilers,  on  a 
scale  of  eight  feet  to  one  inch.) 


it  to  be  uuderstood  that  the  a<]iipt!itton  of  the  Ijoiig's  stTajwr 
ontaua  ami  Caffrey,  and  the  meebaniciil  arrangement  by  which 
•il  and  lowered,  is  not  consiilered  tlie  beut  tliat  eniiM  h»ve  beeD 
but  the  one  by  wliieli  we  could  most  roiidily  operate  with  this 
son. 

wsprit  E  E,  plate  No.  7,  can  be  built  in  the  frame  uf  tlie  boat, 
le  top  of  the  timbers  (l>ow8prit  E  E)  may  be  flush  with  the  line 
ck.  The  scraper  frame  to  l>e  ruiwed  and  lowered  by  the  hori- 
rum  K,  worked  by  the  boiHtiii^  engine  an  before  illnstrnted. 
The  chains  or  falls  being  entirely  under  the  dfick,  leaving  the 
icumbered,  and  the  capstan  J  and  bits  L  (i»late  No.  7)  free  to 
IS  such  contrivances  are  intended  ou  ordinary  snag-ljoats. 
tutana  was  built  tor  the  MisHoiiri  river  trade,  and  the  C.  J. 
jr  the  Ohio,  Cuml>erl!ind,  or  Tennessee.  The  application  and 
le  scrapers  on  these  bouts  show  that  it  Ciui  be  applied  with 
;ood  effect  to  the  boats  now  used  ou  those  riverpt,  to  remove  the 
id  bars  which  obstruct  their  low-water  navigation,  and,  in  fact, 
er  western  rivers  as  well  an  the  upi>er  Mississippi.  The  method 
ting  the  scraper  on  tlie  Montana  and  Cattrey  is  ]>reeiHeIy  the 
leseribed  in  my  rei>or't  of  November  20, 1866,  (see  XI.  Es.  Doe. 
.70.) 

be  well  U*  rejieat  it  here,  viz : 

tcraper  being  applied  to  the  bow  of  a  suitable  dredge-boat  or 
leaus  of  a  bowsprit,  drag  chains,  hoisting  and  Inwering  warp, 
r  tackles  adapted  to  its  use,  is  conveyed  to  the  head  or  margin 
nal  to  be  dredged.  It  is  then  lowered  to  the  bed  or  bar,  and 
Is  of  the  steamer  arc  turned  backwunl  in  a  direction  to  drag 
ler  across  the  shoal,  the  steamer  moving  stem  foremost  with 
■nt  of  the  water,  if  there  be  any  such  current. 
ng  been  dragged  entirely  over  the  shoal,  the  acniper  is  again 
jQt  of  the  water  and  the  steamer  returns  bow  foremost  to  the 
beginning.  The  ot>eration  is  again  res;jmed  as  tx^fore,  and  eon- 
:1  a  channel  of  the  required  depth  and  width  sliatl  have  been 

tion  of  the  scraper  is  two-fold;  first,  it  cuts  up  and  loosens  the 
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tions  were  received  which  recjuired  me  to  keep  the  Caflfrey  at  work  till 
the  loth  November,  or  until  there  was  danger  of  the  river  being 
closed  by  ice. 

The  officers  and  crew  of  the  CaftVey  were  as  follows :  One  superin- 
tendent in  charge,  H.  0.  Long ;  one  pilot,  A.  liussell ;  one  mate,  A. 
Caulchsure;  one  carpenter,  J.  Trower;  one  first  engineer,  T.  C.  Con- 
nelly ;  one  second  engineer,  E.  Kliodes ;  one  steward,  one  cook,  one 
second  cook,  one  watchman,  two  cabin  boys,  two  firemen,  twelve  deck 
hands — in  all  20  men. 

Li  conformity  with  instructions,  the  Caffrey  left  St.  Paul  November 
1,  running  down  to  Gray  Cloud,  18  miles,  for  the  purpose  of  te^sting  the 
engines  and  purchasing  fuel.  Everything  in  her  working  apparatus  bdn^ 
found  satisfactory,  we  commenced  operations  with  the  scraper  at  French- 
man's bar  early  next  morning.  My  attention  was  called  very  particu- 
larly to  this  bar  in  your  orders  of  18th  October.  It  was  considered  the 
worst  on  the  upper  river  this  season ;  being  directly  in  view  of  the  city, 
it  was  an  eye-sore  and  cause  of  offense  to  the  inhabitants  and  those  hav- 
ing business  or  travel  on  the  waters  of  the  Mississippi. 

I  shall  therefore  describe  more  at  length  my  operations  at  this  locality. 
When  we  arrived  at  the  foot  of  the  bar  the  boat  was  landed  and  the 
yawl,  with  the  mate  and  pilot,  dispat<;hed  for  the  purpose  of  making 
careful  soundings  to  ascertiiin  its  true  condition.    The  crest  of  the  bar 
was  defined  by  several  buoys.     In  the  shoalest  part  of  the  channel,  near 
the  right-hand  shore,  a  depth  of  2J  feet  with  lead  line,  or  3  feet  scant 
with  sounding  pole,  was  found,  and  this  was  the  only  available  oi)eiiiug 
through  the  bar  for  all  the  steamboats  plying  between  St.  Paul  and  the 
ports  below.    Accordingly,  I  directed  that  the  scraping  should  com- 
mence and  be  carried  on  in  direction  of  the  current  and  across  the  lowest 
point  on  the  bar,  following  the  most  feasible  steamboat  channel.    This 
plan  of  operation  was  pursued  until  the  close  of  the  day.     For  nearly 
two  weeks  previous  to  this  date  (November  2)  no  side-whe^l  steamers 
were  seen  at  the  St.  Paul  landing,  principally  owing  to  the  difficulty  iu 
passing  Frenchman's  bar,  and  in  part  owing   to  bars   between   this 
place  and  Prescott,  30  mile^  below,  commerce  in  this  portion  of  tbe 
Mississippi  being  restiicted  to  light-draught  stern-wheel  boats. 

As  evidence  of  our  success  at  this  bar,  I  will  mention  that  after  about 
four  hours'  work  Mr.  Saunders,  the  agent  of  the  northern  line  steamers, 
passed  down  on  the  stern-wheel  steamer  Charlie  Cheever,  for  the  pur- 
pose of  lightening  the  large  side-wheel  steamer  Dubuque.  Observing 
the  Caffrey  at  work,  and  that  we  had  already  deepened  the  water  very 
considerably,  Mr.  Saimders  sent  word  to  the  Dubuque  that  she  could 
•cross  the  bar  without  further  difficulty,  which  was  effected  in  the  course 
of  the  afternoon  with  two  heavy  barges  in  tow,  the  boat  being  enabled 
to  proceed  to  St.  Paul  and  discharge  her  large  and  valuable  lieight  at 
the  city  levee  or  lauding.  We  had  then  secured  the  depth  of  3 J  feet 
entirely  across  the  bar.  The  letter  of  thanks  from  Mr.  Saunders,  addresse<l 
to  you  under  date  December  19,  18G7,  and  of  Captain  T.  J.  Buford, 
superintendent  of  the  northern  line,  fully  corroborate  these  statements. 
Early  Monday  morning  (November  4)  work  was  resumed  on  French- 
man's bar  and  continued  until  noon.  Ascertaining  by  careful  soundings 
that  we  had  procured  a  depth  of  four  feet,  it  was  deemed  sufficient,  aud 
the  Caffrey  proceeded  to  points  below.  It  is  not  necessary  to  give  in 
detail  each  day's  operations;  suffice  it  to  say  that  between  the  1st  and  15th 
of  November  not  oidy  Frenchman'^,  but  all  the  bars  between  St.  Paul 
and  Prescott  were  examined  and  worked  when  it  was  found  necessary. 
We  may  instance  in  particular  the  bars  above  and  below  Newport,  at 
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ids,  and  the  bars  above  and  beloAv  Nininger.  In  no  case  did 
irithont  deepening  the  water  to  3J  or  4  feet,  besides  eatting 
rojecting  points  of  the  reefs  and  straightening  the  cliannel. 
operations  with  the  scrapers  commeneed,  no  boats  that  were 
unel  were  found  sticking  on  the  bars,  and  up  to  the  close  of 
1  the  largest  side-wheel  steamers,  or  at  least  all  drawing  from 
t  water,  could  come  with  facility  to  the  port  of  St.  Paul, 
h  not  required  to  do  it  by  your  instnictions  of  18th  and  19th 
re  made  use  of  the  Calfrey  as  a  snag  boat,  pulling  several  very 
obstructions  of  this  character  from  various  bends  in  the  river, 
he  following  table. 

Hng  date^  locality ,  and  number  of  snagn  talcen  from  upper  Mis. 
beticeen  Hastings  and  St,  Paulj  by  tlie  United  States  steamer  C, 


^y- 

Locality. 

No. 

1 

1 
1 

1 

1 

1 
J 

1 

8 

Remarks,  &c. 

id  above  Graj  Cloud 

It  of  Robinson  cbate,  mid- 
lie  of  low-water  channel. 
)t  of  bar  above   Newport, 
ery  much  in  the  way. 

id  below  Kaposia,  directly 
D  chauDel. 

posiie  Quarantine,  directly 
a  channe*. 

:'8  Eye  bar.  in  channel 

:'»    Eye    bend,    directly  in 

hanuel. 

•*s   Eye    bend,   directly  in 

bannel. 

Total 

Cotton-wood,  about  40  feet  long,  14  inches 
diameter  one  foot  from  butt. 

Hackberry,  abont  20  feet  lon^,  10  inches 
diameter  one  foot  from  butt. 

About  :^  feet  long,  15  inches  diameter  one 
foot  trom  stump :  very  large  roots  ;  about 
three  hours  getting  this  snag  out  of  chan- 
nel and  on  to  bank. 

Very  large  elm,  60  feet  long,  two  feet  diam- 
eter at  small  end,  three  feet  diameter 
30  feet  below,  estimated  four  feet  diameter 
near  butt ;  got  one  end  on  bank  ;  worked 
five  hours  on  this  snag. 

Log  with  small  roots,  easily  removed. 

Log  with  small  roots,  easily  removed. 

;i5  feet  long,  two  feet  diameter  one  foot  from 

butt;  very  hard  to  get  out. 
Stump   10  feet  long,   34  inches  diameter; 

very  dangerous. 

lags  were  hauled  entirely  out  of  the  channel,  and,  in  every 
it  one,  up  on  to  the  bank,  and  cut  up  so  that  there  was  no  dan- 
r  gettiug  again  into  the  river  and  forming  obstructions  to 
.  A  number  of  overhanging  and  projecting  trees  were  also 
:he  bank.  The  Caffrey  was  not  supplied  with  lui  outfit  for 
nor  was  she  intended  for  such  a  purpose.  The  snags  taken  out 
ranch  in  the  way,  and  I  wished  also  to  show  that  the  scraper 
1  to  her  bow  did  not  unfit  her  for  other  servicer.  In  fact,  it 
ly  have  been  detached  and  replaced  in  one  hour,  as  was  suc- 
ied  with  the  much  heavier  scrai)er  on  the  Montana. 
thus  far  spoken  of  the  performances  of  the  C.  J.  Caffrey 
Paul ;  no  less  remarkable  and  successful  were  those  about 
ibove  the  city,  at  Mendotabar,  mouth  of  Minnesota  river. 
)de.s,  secretary  of  Northwestern  Union  Packet  Company, 
you  a  letter  in  behalf  of  Captain  Davidson  himself,  under 
Jer  29,  1807,  calling  your  attention  to  the  bad  condition  of 
laded  to,  saying,  ''  our  Minnesota  river  boats  are  very  much 
t  this  place,"  and  requesting  you  to  order  me  with  the  Caffrey 
■  its  improvement. 
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Accordingly,  on  the  11th  Kovember  I  proceeded  to  the  mouth  of  the 
Minnesota  for  the  purpose  indicated.  On  making  the  usual  preliminary' 
examinations  and  soundings  we  found  but  two  and  two  and  a  half  feet 
water  over  the  crest  of  the  bar  and  some  distance  above  ;  onr  first  o])e- 
ration  was  to  pidl  off  a  large  barge  loaded  with  wood,  which  was  hard 
aground  directly  in  the  channel ;  we  then  made  several  attempts  with 
the  scraper,  but  were  obliged  to  desist  without  accomx>li8hing  anything 
essential,  by  reason  of  prevailing  high  winds. 

On  the  12th  w«  again  steamed  to  the  bar,  and  after  four  hours'  work 
and  34  scra])es  or  drags  over  the  bar,  in  the  best  line  for  the  channel, 
we  produced  a  uniform  depth  of  three  feet  entirely  across  same. 

For  instance,  barges  loaded  with  500  sacks  of  wheat  found  great  diffi- 
culty in  crossing  the  bar,  almost  always  grounding,  before  the  use  of  the 
scraper ;  afterwards,  loaded  with  900  to  1,000  sacks,  they  accomplished 
this  object  without  the  least  dilhculty.  Thus  the  use  of  the  scraper 
nearly  doubled  the  capacity  of  this  river  at  this  point  for  all  the  uses 
and  advantages  of  commerce.  To  prevent  any  misunderstanding,  ortbe 
supposition  that  these  beneficial  results  were  due  to  any  swell  or  rise  iu 
the  river,  I  wish  it  to  be  i>articularly  noted  in  this  connection  that  the 
guage  records,  kept  by  your  order  in  the  most  careful  and  systematic 
manner,  showed  a  constant  decline  in  the  volume  of  the  river  during  the 
entire  period  of  the  operations  of  the  Cattrey. 

The  difficulty  in  operating  at  Mendota  consisted  in  the  fact  of  there 
being  less  water  on  the  bar  by  six  or  eight  inches  than  the  draught  of 
the  Cattiey,  the  narrow  and  limited  space  for  a  boat  of  her  size  to  man- 
euver in,  and  the  very  sluggish  current,  the  latter  being  of  little  or  no 
assistance  in  washing  out  the  channel  after  the  material  forming  the  bars 
had  been  stirred  up  and  cut  up  by  the  scraper,  so  that  the  success  of  the 
experiment  depended  entirely  upon  the  two-fold  action  of  the  machine, 
as  explained  in  a  preceding  paragraph  of  this  report. 

The  Mendota  bar  wtxs  composed  of  mud,  sand,  and  saw-dust,  with  a 
large  mixture  of  brickbats,  thrown  over  by  barges  loaded  with  the  lat- 
ter commodity  in  lightening.  On  the  13th  November,  the  Caflfrey  run 
down  to  Gray  Cloud  and  returned  to  St.  Paul  with  two  barges  in  tow 
loaded  with  150  cords  of  Avood,  showing  the  practicability  of  side- wheel 
steamers  reaching  St.  Paul  at  this  season  of  the  year  and  low  stage  of 
water,  by  means  of  the  channels  she  had  ox)ened  through  all  the  worst 
bars  between  that  \)\nce  and  Prescott. 

Having  received  letters  from  Captain  Davidson  and  William  Rhodes, 
president  and  secretary  Northwestern  Union  Packet  Company,  under 
date  November  15th,  to  the  effect  that  the  work  already  done  by  the 
scrapers  was  sufficient  to  enable  their  boats  *'  to  get  Jilong  without  diffi- 
culty," "  and  no  more  was  required,"  under  your  instruction  I  left  St. 
Paul  with  the  Caffrey  for  Dubuque,  Iowa,  November  16,  arriving  there 
the  evening  of  the  18th. 

Business  on  the  river  was  there  nearly  finished  for  the  season ;  the 
United  States  mail  service  ceasing  on  the  15th,  and  there  being  indica- 
tions of  a  speedy  and^  entire  suspension  of  navigation  by  ice,  it,  was 
dee?ned  advisable  to  pay  off  and  discharge  the  crews  of  the  Montana 
and  Caffrey,  which  was  accordingly  done,  and  the  boats  lay  up  for  the 
winter  in  a  safe  and  convenient  harbor  near  the  city. 

In  regard  to  operations  the  next  ensuing  low- water  season,  I  beg  leave 
respectfully  to  make  the  following  suggestions: 

1.  The  steamer  Caffrey  shonld  be  hauled  out  on  the  ways  as  soon  as 
practicable,  her  bottom  overhauled  and  recalked,  defective  timbers 
removed,  and  rei^laced.    This  is  very  necessary. 
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exas  should  be  taken  off,  pilot-house  lowered,  and  her  cabin 
one-third  its  present  size,  or  only  sufficient  for  the  aceommo- 
►fficers  and  crew.  These  alterations  will  lighten  her  consider- 
ake  her  much  more  manageable  in  a  high  wind,  besides  reduc- 
ense  of  running  and  keeping  her  in  order.  The  Cafirey  may 
>ected,  with  pi*ox>er  use,  to  last  several  years  as  an  efficient 
id  dredging  boat,  and  can  be  used  for  snagging  also. 
;erations  and  repairs  may  be  estimated  as  follows: 

it  on  marine  way,  recalking,  &c $2, 500 

mil,  cutting  down  and  reducing  cabin 2, 000 

er"  or  hoisting  engine,  and  fixtures 1, 000 

including  derricks,  wiridla^^ses,  and  extra  rigging  for 

purposes 1, 500 

ations  contingent  to  above,  say 500 

iing,  &c 500 

8,000 


tVisconsin  river,  where  a  snag  boat  is  much  needed,  I  am  of 
t  the  best  and  most  efficient  boat  will  be  one  built  on  the 
Gopher  or  Dragon,  formerly  used  on  the  Ohio,  Arkansas,  and 
rivers,  drawings  of  which  aie  on  file  at  this  office.   A  scraper 

with  such  a  boat.  She  will  probably  cost,  complete,  $30,000. 
efficient  boat  of  another  descrijition  may  be  built  for  less 
bllows : 

or  scows  of  very  strong  construction,  75  feet  by  16  feet  each, 
pother  at  bow  and  stern,  with  an  open  spjice  between  about 
and  40  feet  long. 

il  about  three  and  a  half  feet  deep,  whole  to  draw  16  or  18 
h  machinery,  tools,  tackle,  &c.,  on  board.  On  this  I  pro- 
it  transom  ways  with  traveling  crane  or  other  hoisting  appa- 
at  snags  may  be  lifted  through  the  open  space  between  the 
et  by  40  feet,)  or  on  either  side. 

€  furnished  with  double-a<;tion  piston,  or  nigger  engines,  and 
otive  boilers,  or  other  suitable  lifting  gearing  for  the  purpose 
ig  snags,  stumps,  sawyers,  rocks,  &c. 

>osed  to  tow  or  float  this  boat  down  the  river  to  any  required 
hich  purpose  the  scraping  steamer  Montana  or  Caft'rey  may 
hout  interfering  with  their  legitimate  business, 
f  this  description  may  be  estimated  to  cost  as  follows : 

»r  flat«  (very  strong)  at  $1,500  each $3, 000 

pars,  framing  for  traveling  crane,  &c 1, 500 

lers,  tools,  tackles,  and  other  machinery 3, 000 

Jency  and  contingencies,  say 500 

8,000 


illy  submitted, 

HENRY  C.  LONG, 
United  States  Civil  Engineer. 
Bvt.  Maj.  Gen.  G.  K.  Warren, 

Corps  of  Engineers^  U.  8.  Army, 
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Report  of  H.  C.  Lon^j  TJniied  States  civil  engineer y  of  the  alterations  and 
repairs  of  the  steamers  Montana  and  C,  J,  Caffrey^  to  adapt  thetn  to  snag- 
ginffj  and  of  their  operations  in  1868,  with  one  plute. 

Upper  Mississippi  River, 
U.  S.  Steamer  Montana^  August  31,  18G8. 

General:  Under  your  instnictions  I  made  a  report,  dated  Decem- 
ber 31,  1807,  pving  a  history  of  the  construction  and  introduction  of 
Colonel  Long's  scraper  on  the  improvement  of  the  upper  Mississippi 
river,  its  adaptation  to  the  ordinary  side- wheel  steamers  used  in  the 
navigation  of  this  river,  and  the  operations  in  snagging  and  dred|2:ing 
of  the  steamers  Montana  and  C.  J.  Caffrey,  to  which  this  apparatus  is 
attached. 

This  report  was  illustrated  with  detached  drawings  of  the  scraper, 
and  narrated  all  of  interest  in  the  i^remises,  as  far  as  I  had  any  special 
connection  with  the  business,  and  extends  to  the  i)eriod  when  it  became 
necessary  to  lay  up  the  boats  in  winter  quarters,  November  20,  18(i7. 

I  shaU  now  endeavor  to  give  you  as  briefly  as  possible,  the  subse(]uent 
history  of  the  boats,  and  their  operations  on  the  river  imx>rovemeut  to 
the  present  date. 

Acting  under  your  instructions  of  February  1, 18G8,  I  proceeded  to 
Alton,  Illinois,  and  St.  Louis,  Missouri,  and  made  an  examination  of  the 
harbor  at  the  former  place,  and  mouth  of  the  Missouri.  The  results 
were  given  you  in  my  report  of  March  24,  18G8,  referred  to  the  Com' 
mittee  on  Commerce  and  ordered  to  be  ininted,  April  21, 1868.  (See  40tli 
Congress,  second  session,  Ex.  Doc.  257.) 

On  the  22d  of  April  I  arrived  at  Dubuque,  Iowa,  where  the  8t4?araers 
Montana  and  Caffrey  had  been  placed  in  winter  quarters,  and  at  once 
commenced  the  preparation  of  a  report  and  plans  of  repairs  and  improve- 
ment of  the  boats,  suggested  by  our  last  year's  experience,  and  deemed 
conducive  to  their  more  efficient  operations  during  the  present  low-water 
season. 

These  plans  were  submitted  to  you  on  the  29th  of  April  and  6th  of 
May,  respectively,  and  your  approval  to  same  was  received  on  the  16th 
and  17th  of  the  month  last  mentioned. 

The  roof  of  the  Montana  wa«  found  to  be  in  a  very  \esky  condition; 
a  thorough  removal  «and  repair  was  considered  necessary.  This  was 
satisfactorily  accomplished  at  Dubuque,  occasioning  a  further  delay 
at  that  place  of  some  eight  or  ten  days. 

It  was  decided,  as  most  economical  and  convenient,  to  go  for  further 
repairs  and  alterations  to  the  dock-yard  of  the  Northwestern  Union 
Packet  Company,  near  La  Crosse,  Wisconsin. 

Accordingly  steam  was  raised  on  the  Montana  Tuesday,  June  2,  but 
an  accident  occurring  to  the  piston-head  of  the  larboard  engine,  we  were 
detained  for  jiecessary  repairs  until  the  6th.  On  the  morning  of  that 
day  we  left  Dubuque,  the  Montana  having  in  tow^  the  Caffrey  and  the 
Wisconsin  surveying  quarter-boat,  and  arrived  at  La  Crosse  about  3 
p.  m.  of  the  day  following.  The  Caffrey  was  placed  on  the  marine  ways 
at  the  dock-yard  on  the  13th  June,  and  launched  on  the  26th.  Her 
bottom  was  thoroughly  overhauled  and  recalked,  rotten  and  defective 
l)lanks  removed  and  new  ones  inserted  in  their  places.  Her  bows  for- 
ward of  the  capstan  were  removed  and  a  new  stem-piec^  introduced 
from  the  water  line  to  the  main  deck.  The  r(»pairs  also  included  new 
wat<ir-wheel  beams  and  braces,  new  timbers  in  her  hull,  framing, 
&c.,  in  fine,  everything  was  done  that  appejired  necessary  to  insure 
tiength  and  efficiency  in  the  very  arduous  service  for  which  she  was 
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?nde(l.  The  cost  of  these  repairs  complete  was  about  $3,800,  iiiclud- 
Diaterial  and  labor  expended  in  alteration  and  improvement  to  her 
isrpng  and  scraping  ai)paratus,  whicli  consisted  mainly  in  the  removal 
he  old  hoisting  engine  belonging  to  the  boat  and  replacing  it  with 
more  i)owerful  one  used  last  season  on  the  Montana, 
he  Caffrey  left  the  dock-yard  June  30,  and  was  towed  by  the  Montana 
convenient  position  one  mile  above  La  Crosse,  where  her  officers 
crew  were  shipped  and  her  outfit  completed. 

n  the  12th  July  the  Catt'rey  left  La  Crosse  for  operations  on  the 
fs  and  sand-bars  between  that  place  and  St.  Paul,  and  has  continued 
ilarly  at  work  ever  since,  without  the  loss  of  a  day  by  accident, 
uiplete  construction  of  machinery,  or  from  any  other  cause, 
ryour  instructions  of  Febniary  1,  1868,  Captain  N.  F.  Webb,  well 
rn  and  highly  respected  in  the  west  for  his  experience,  skill,  and 
judgment  in  all  matters  i)ertaining  to  the  navigation  of  western 
«,  was  directed  to  act  as  my*  assistant. 

.ptaiu  A.  K.  Russell  was  appointed  master  of  the  Caffrey,  with  your 
oval,  on  the  1st  of  July,  and  from  that  date  took  special  charge 
?r. 

these  gentlemen  and  Captain  D.  S.  Stombs,  of  St.  Paul,  master 
anic  and  machinist,  I  am  indebted  for  valuable  counsel  and  co- 
ition. 

r  further  information  respecting  the  detailed  operations  of  tlie 
py  1  respectfully  refer  you  to  my  instructions  to  Captains  Russell 
>V^ebb,  and  their  reports.  (See  Appendix  A,  B,  C,  D,  herewith.) 
e  Montana  has  not  been  subjected  to  alteration  so  materially 
a^ing  her  general  appearance  as  the  Caffrey,  although  about  the 
amount  of  work  has  been  expended  on  her,  consisting  mainly  of 
ig  her  guards,  boiler  deck,  and  hurricane  deck  forward  of  the  fur- 
i,  in  order  to  give  more  room  for  working  her  snagging  apparatus, 
hull  above  the  water-line  has  been  recalked  and  i)ainted  three 
,  and  every  part  of  the  boat  i)ut  in  good  substantial  repair  and 
ing  oixler. 

r  snagging  apparatus  has  been  made  as  complete  as  could  be  devised 
boat  not  specially  built  for  the  purpose,  which  has  also  to  combine 
:wo  offices  of  dredging  and  snagging,  and  consists  of  two  heiivy 
•8  18  feet  high  with  18  feet  beams,  worked  by  a  double  cylinder 
le,  14  inches  stroke,  0  inches  diameter.  These  engines  also  raise 
ower  the  scraper,  it  requiring  but  one  man  to  attend  them  in  their 
le  duties.  Alterations  have  been  made  in  the  position  of  her 
er  with  reference  to  the  main  deck,  which  enable  her  to  scrape  two 
nore  in  depth  below  the  surface  of  the  water,  making  nine  feet  in 
nil  at  the  same  time  giving  more  deck  room. 

e  alterations  and  repairs  just  alluded  to  occupied  much  time,  owing 
5  necessity  of  getting  the  Caffrey  completed  first,  and  at  work  with 
ea-st  i)08sible  delay,  and  the  great  difficulty  of  procuring  skilled 
auic^  in  a  new  country,  where  the  demand  exceeds  the  supply. 
one  time  in  July  and  August,  there  being  a  great  call  for  laborers 
i  harvest  Held,  it  was  not  unusual  to  pay  $3  50  to  $4  50  with  board 
IV  laborers. 

^  Montana  commenced  work  on  the  snags  and  b«ars  August  2Gth, 
rill  be  kept  thus  engaged  for  the  balance  of  the  season. 
r  a  detailed  rei>ort  of  her  operations  to  date,  see  Appendix  E,  and 
ostcript  to  Captain  Webb's  report.  Appendix  D. 
?  expenses  attendant  on  the  repairs,  alterations,  scraping  and 
^ng  operation  of  the  Caffrey  and  Montana,  fiom  April  18  to 
ist  31,  had  amounted  to  about  $20,000. 
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Tliey  may  be  classified  as  follows,  in  order  to  give  a  general  idea  of 
their  extent  and  cost : 

C.  J.  CAFFREY. 

Docking  expenses $3, 000  00 

Snagging  apparatus,  (inex)mj)lete) 300  00 

Alterations  to  hull,  cabin,  &c.;  removing  texas  and  cutting 

decks ■ 500  00 

Stones  and  outfit. . . . '. : 1, 000  00 

Eunning  expenses  while  scraping  and  snagging,  including 
fuel  for  steam,  pay,  and  subsistence  for  officers  and  crew, 
&c,  seven  weeks,  at  $7  50  per  week 5, 250  00 

Total 10, 050  00 


MONTANA. 

New  roof  on  hurricane  deck '. $1, 000  00' 

Snagging    apparatus    complete,    cordage,    tools,   tackle, 

blocks,  t&c,  &c 3, 000  00 

Alteration  to  scraper  f|-ame,  &c 400  00 

Cutting    off  guards,  main  deck,  hurricane   roof,  calking, 

painting,  &c 850  00 

Stones  and  outfit 1, 200  00 

Use  of  a  barge  or  lifter,  50  days,  at  $5 250  00 

Pay-roll  of  mechanics  and  laborers,  scraping,  and  snagging 

expenses,  pay  of  officers  and  crew  and  subsistence,  &c . .  3, 250  00 

Total 9, 950  00 

Or  about  $10,000  each,  amounting  to 20, 000  00 

Thus  far  our  operations  on  the  river  have  proved  successful.  The 
Caflfreyhas  in  every  instance  succeeded  in  in'creasing  the  depth  of  water 
on  the  bars  from  eight  to  eighteen  inches,  oi*  where  navigation  was 
obstructed  by  a  depth  of  2J  to  3  feet  only  on  the  crest  of  the  bars,  or 
along  a  succession  of  reefs,  it  was  deepened  to  3  J  or  4  feet  large,  so  that 
first-class  side-wheel  steamers  have  l>een  able  to  run  regularly  to  St. 
Paul,  since  she  commenced  work  on  the  21st  of  July  last.  Before  the 
repairs  to  the  Caflfrey  Avere  complete,  or  about  ^he  20tli  of  June,  steam- 
boats began  to  find  difficulty  in  crossing  the  bars  above  La  Crosse,  and 
there  was  a  general  clamor  for  the  scraper  or  government  boats,  as  they 
were  called  by  the  public  papers,  giving  testimony  of  a  suitable  appre- 
ciation of  their  services. 

The  water  reached  its  lowest  stage  about  the  15th  of  July,  16th  and 
30th  August,  respectively;  at  the  two  first  ihites,  it  may  be  considered 
as  having  been  at  a  two  and  a  half  foot  sta^e,  and  at  the  latter  at  a 
two  foot  stage.  The  river  has  raised  and  lowered  at  different  times 
between  the  periods  mentioned  some  five  dr  six  inches  as  observed  by 
the  pier  marks  at  St.  Paul. 

Working  drawings  have  been  made  and  complete  sketches  of  the 
Caffrey  and  Montana  showing  all  the  details  of  their  snagging  and 
scraphig  machinery  and  the  various  alterations  of  their  hulls  and  other 
w^orks,  but  time  does  not  i)ermit  their  being  constructed  on  a  reduced 
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snitable  for  insertion  in  this  report,  and  only  a  perspective  Niew 
3Iontana  as  she  appears  complete  is  here  given. 
>ectfully  submitted. 

H.  C.  LONG, 
United  States  Civil  Engineer, 

r  and  Bvt.  Maj.  Gen.  G.  K.  Warren, 

Corps  of  Engineers  U.S.A.j  SujH.  Surrey 

and  Inspt,  Northwestern  Rivers^  cfcc,  d'c. 

?  in  the  original  is  a  drawing  of  the  steamer  Montana  as  she 
s  complete.] 

Appendix  A. 
Instructio7is  to  Captain  Russell, 

La  Crosse,  Wisconsin,  July  9, 1868. 

As  you  were  verbally  appointed  to  take  charge  of  the  United 
steamer  C.  J.  Caffrey  on  the  1st  instant,  you  will  now  proceed 

dispatch  to  use  her  for  the  purpose  for  which  she  was  originally 
d  and  has  been  lately  refitted  at  the  dock-yards  of  the  Northwest- 
ion  Packet  Company  at  this  place,  that  is,  scraping  or  dredging 
s  which  obstruct  navigation  on  the  upper  Mississippi  river.    You 

the  present  confine  your  attention  to  the  bars  between  Prescott, 
sin,  and  St.  Paul,  Minnesota,  operating  fii'st  on  those  which  seem 
ire  it  most,  or  those  bars  having  three  feet  or  less  on  their  crest, 
ig,  straightening,  and  deepening  the  most  practicable  low-water 
I  across  the  same,  according  to  the  best  of  your  judgment,  after- 
giving  attention  to  other  bars  in  succession,  so  as  to  have  anunin- 
ed  channel  between  St.  Paul  and  Prescott. 

iin  N.  F.  Webb  will  accompany  you  for  a  few  days.  His  long 
nee  in  western  river  navigation  and  acknowledged  skill  in  mat- 
it  pertain  to  the  subject,  will  render  your  attention  to  his  advice 
greatest  benefit.  You  are  accordingly  directed  to  advise  with 
I  Webb  fully  and  freely,  and  avail  yourself  of  the  benefit  of  his 

and  experience  in  the  discharge  of  the  duties  intrusted  to  you* 
J  aLso  furnished  with  a  copy  of  the  rules  and  regulations  for  the 

government  of  the  United  States  snag  and  scraping  steamers, 
^ou  are  required  to  observe. 

not  to  be  expected  that  I  can  give  you  directions  anticipating  and 
g  all  the  details  of  the  duties  connected  with  the  work  under 
pervision,  but  it  is  expected  that  economy,  order,  and  efficiency 
vern  all  your  operations,  resulting  in  the  best  interests  of  the 

States  service,  and  x)ersonally  redounding  to  your  own  credit 
tutation. 
/'ery  respectfully, 

HENKY  C.  LONG, 

U,  8.  Civil  Engineer,  in  charge  U.  S,  Sfiag  and  Dredge  Boats, 

Upper  Mississippi  River, 
lin  A.  E.  KussELL. 


Appendix  B. 
Instructions  to  Captain  Wehh. 

La  Crosse,  Wisconsin,  July  11, 1868. 

I  Sir:  You  are  hereby  directed  to  proceed  up  river  vith  the  C- 
ey,  A.  R.  Russell,  master,  and  to  take  a  general  supervision  of 


I 
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the  operations  intrusted  to  Captain  Russell,  aiding  him  with  your  coun- 
sel and  advice. 

It  is  sufj:gested  that  you  go  at  once  as  high  lip  as  St.  Paul,  and  thence 
work  in  succession  on  all  the  bars  as  far  dow  n  as  to  include  Rolling  Stone, 
if  you  think  it  is  necessary  to  do  so  in  order  to  keep  open  'river  com- 
munication. 

I  have,  in  my  instructions  to  Captain  Russell,  indicated  that  portion 
of  the  river  between  Prescott  and  St.  Paul  as  being  his  special  district 
for  scraping  at  the  same.  I  wish  the  Caffrey  to  work  as  far  down  the 
river  as,  in  your  judgment,  may  be  recpiired,  until  this  boat  Montana  is 
ready  for  ser\ice. 

After  fully  inspecting  the  condition  of  the  river  and  inaugurating  the 
oi)er«ations  of  Captain  A.  R.  Russell,  you  will  report  to  me  in  person  at 
this  place. 

Very  repectfully,  your  obedient  servant, 

HENRY  LOXG, 
U.  S,  Civil  Engineer  J  in  charge  of  Dredge  and  Snag  Boats^ 

Upper  Mississippi  River. 
Captain  N.  F.  Webb, 

Upper  Mississippi  River  Improvement^  etc.,  d^. 


Appendix  C. 

Captain  A.  R,  RusselVs  report,  consisting  of  extracts  from  log-hooJc^  detaih 
ing  operations  of  United  States  dredge  and  snag  boat  C.  S,  Caffrey, 

Eedwingj  July  12,  18G8. — Lett  La  Crosse  at  5  o'clock  a.  m.,  and  pro- 
ceeded up  river.  Found  four  feet  water  on  Black  river  crossing  and  four 
feet  scant  on  Trempeleau  bar.  Ran  the  little  slough  or  Horse-shoe  bend 
at  R<3lling  Stone  for  the  puri>ose  of  making  an  examination  of  the  same. 
Found  tliree  feet  on  shoalest  x)lace.  Took  soundings  over  Beef  slough, 
the  shoalest  crossing  being  the  one  opposite  or  a  little  below  the  head  of 
old  Beef  slough,  crossing  from  left  bank  to  shoulder  of  island  above  the 
little  tow-head  soundings,  three  and  a  half  feet  on  one  side  and  fom*  feet 
scant  on  the  other,  the  balance  of  the  crossing  ranging  from  four  to  five 
feet. 

Arrived  at  Redwing  at  10  o'clock  p.  m.  Ljiy  over  until  morning.  Took 
on  13  cords  of  wood  during  the  day,  running  a  distance  of  120  miles. 

St.  Fanl,  July  13, 1868. — Left  Redwing  at  4 J  a.  m.  Proceeded  up  river; 
took  soundings  on  Prescott  bar,  crossing  over  to  Point  Douglas^  above 
head  of  Prescott  island.  Found  four  feet  scant.  Found  four  feet  scant 
on  Nininger  bar,  (upper  crossing,)  three  and  a  half  at  head  of  Belonger's 
island,  and  three  feet  scant  on  the  lower  end  of  Gray  Cloud  bar,  cross- 
ing out  from  the  little  island  to  wood-yard  on  left  bank.  Sounded 
thoroughly  and  found  there  was  more  water  to  run  the  bend  to  the  Old 
Lone-tree  crossing,  then  middling  square  out  toward  the  point  and  up 
the  middle  of  the  river,  until  you  struck  the  channel,  and  running  the 
channel  the  other  way.  Found  three  and  one-half  feet  at  lied  rock, 
three  feet  at  Pig's  Eye,  and  four  feet  at  Frenchman's  bar.  Arrived  at 
St.  Paul  at  2  o'clock  p.  m.  Stored  surplus  lumber,  rigging,  &c.,  in  the 
government  warehouse,  and  left  in  the  evening  for  Gray  Cloud  bar,  it 
having  the  least  water  of  any  on  the  river.  Took  on  27  cords  of  wood 
and  ran  78  miles. 

July  14. — Commenced  dredging  on  upper  bar  at  Gray  Cloud.  Found 
it  of  a  very  hard  composition ;  worked  until  noon,  and  not  being  able  to 
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fleet  much,  left  that  aud  went  to  work  on  lower  crossing  from  the  island 
o  the  i>oint,  a  wood-yard  on  left  bank. 

From  three  feet  scant,  dredged  the  cliannel  to  three  and  a  half  feet, 
nd  left  for  Pig's  Eye,  the  next  worst  place,  at  4  p.  ni.  Found  three  feet, 
Forked  until  sundown,  and  increased  it  to  tlueo  and  a  half.  Lay  over 
light  at  St.  Paul.  Took  on  10  conls  of  wood  during  the  day  and  ran  22 
Diles. 

July  15. — Proceeded  down  river.  Found  Pig's  eye  bar  in  need  of  more 
caping,  worked  on  it  about  one  hour,  leaving  three  and  half  feet.  Found 
he  other  bars  with  three  and  a  half  feet  and  upwards,  excejit  Grey 
!^loud,  which  had  tilled  in  somewhat  during  the  night.  Left  three  and 
i  half  aud  continued  down  the  river.  Found  three  and  a  half  and  over 
l11  the  way  to  Pi-escott.    After  consulting  with  Captain  Webb,  concluded 

0  go  to  Beef  slough.  Iliver  fell  at  St.  Paul  one  inch  in  30  hours.  Lay 
►ver  at  AVabashaw.     Took  on  10  cords  of  wood  and  ran  94  miles. 

July  10. — Left  Wabashaw  at  5  a.  m.  Found  four  feet  scant  on  two 
>ars,  the  balance  of  the  crossing  having  over  four  feet.    IVIade  search  for 

1  pile  of  stones  said  to  have  been  thrown  overboard  to  lighten  a  barge 
^at  ran  aground;  after  sonie  time  found  them  about  two  rods  above 
Jie  first  crossing,  below  the  head  of  Old  Beef  slough,  and  near  the  cen- 
:€r  of  the  slough.  Put  a  large  buoy  on  them.  We  tlien  marked  all  the 
crossings  by  nailing  up  painted  boards  in  a  conspicuous  place  to  be  seen 
either  going  up  or  (lowni.  Dredged  the  shoalest  bar  to  the  depth  of  four 
feet  large.  At  3  o'clock  left  for  Kolling  Stone  bar.  Took  on  11  cords  of 
vood;  ran  33  miles. 

July  17. — After  an  examination  of  the  three  different  channels  at  lloll- 
Lng  Stone  aud  taking  soundings  of  same,  1  found  as  good  water  in  Horse- 
shoe bend  or  Little  slough  as  in  any  other  i)art,  besides  being  most  con- 
ireuient  to  navigate.  The  shoalest  plfice,  three  feet  scant,  was  at  the 
bead  of  Horseshoe  island.  The  middle  crossing  in  the  main  river  was 
Rooked  with  cross  current,  and  a  very  unnatural  water  course,  although 
BMist  of  the  boats  ran  that  way.  Shoalest  place  tlu-ee  feet  large.  The 
Ihird  channel  on  the  left  or  W^isconsin  shore  started  in  below  the  Dark 
Slough  island,  and  ran  up  that  shore  with  three  feet  scant  in  shoalest  part, 
the  reef  running  pandlel  with  the  shore  at  the  crossing.  Consulted  with 
I'aptain  Webb  and  concluded  to  dredge  out  Horseshoe  bend  as  the  most 
practicable  route.  Commenced  work  after  breakfast.  Cut  two  trees, 
one  of  which  measured  22  inches  at  the  stump  and  35  feet  in  length, 
Tt*aching  out  over  the  channel  at  an  angle  of  about  forty- five  degrees,  and 
taking  up  the  best  water.  Had  il  hauled  out  on  the  bank.  Proceeded  to 
dredge,  bar.  Found  a  log  two  feet  at  the  root  and  about  40  long  buried 
in  the  sand  in  the  channel,  and  had  it  hauled  out  upon  the  bank.  In- 
cmk^  depth  of  wat4?r  four  to  four  and  a  half  feet.  Worked  until  5 
tfelock,  and  having  done  all  that  was  necessary  for  the  present  at  this 
place,  ran  to  Minneiska,  18  miles.    Took  on  12  cords  of  wood. 

July  18. — Left  Minneiska  at  4  o'clock  a.  m.  Found  Beef  slough  in 
good  sha|)e  with  four  to  five  feet  at  all  the  crossings — the  stone-pile 
cni?«ing  the  shoalest,  having  four  feet  on  one  side  and  four  feet  scant  on 
the  other.  Made  some  improvements  on  the  marks  at  the  lower  crossing, 
and  cut  a  leaning  tree  on  the  bank.  Stopped  above  the  Clara  Hinde  wreck 
and  cut  two  trees  leaning  out  over  the  channel;  also  hauled  out  a  snag 
at  this  [Kiiut,  measuring  45  feet  hi  length  and  23  inches  at  the  stump. 
Left  at  D^  o'clock.  Found  a  big  stump  lying  loose  on  the  bar  about  a 
mile  l)elow  Wabashaw  opposite  the  upper  tow-head,  and  immediately  in 
Ibe  channel,  with  a  large  root  attached  to  it.  Hauled  it  out  on  the 
^N  abashaw  shore.    It  measured  10  feet  in  length  and  20  inches  at  top 
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end.  Went  on  up  river  at  10^  o'clock.  Met  a  slight  rise  of  i)erhap8  six 
inches.  Found  four  feet  large  on  Douglass  bar;  live  feet  at  Nininger, 
lower  bar,  with  four  feet  large  at  upper  crossing;  four  feet  at  the  head  of 
Belonger's  island;  four  feet  at  Grey  Cloud,  lower  crossing;  channel  about 
as  we  left  it;  four  feet  scant  at  Pig's  Eye  on  one  side  and  four  feet  on 
the  other.    Arrived  at  St.  Paul  at  11  o'clock  p.  m. 

StDiday  mornin/^,  July  19. — The  river  has  risen  about  six  inches  since 
we  left  on  Wednesday  morning.    It  is  now  at  a  stand. 

July  20. — Engineer  and  carpenter  worked  nearly  all  day  yesterday 
repairing  deck  under  ash  pan,  which  was  giving  way  and  letting  through 
the  stands  of  ash  pan.  Left  St.  Paul  at  7  a.  m.  Found  four  feet  scant 
on  Pig's  Eye,  and  three  and  a  half  on  Gray  Cloud.  Took  on  foiu-  cords 
of  wood  and  worked  here  till  about  12,  and  then  went  on  down  river. 
Met  the  Montana  at  Hastings.  After  leaving  her  went  down  to  the  snag 
below  Hastings  and  worked  about  an  hour  trying  to  get  a  hiteh  on  it,  but 
found  it  so  much  buried  in  the  sand  that  it  w^as  useless  to  try  to  do  any- 
thing without  proper  rigging.  Went  on  to  Prescott  and  ma<le  search 
for  a  snag  or  stump  that  two  or  three  boats  have  hit.  It  is  said  to  be 
nearly  opposite  the  head  of  Prescott  island  and  near  the  middle  of  the 
river.  We  could  not  find  it.  Continued  down  the  river,  stopping  for 
the  night  at  Waconta,  Took  on  10  cords  of  wood  here,  14  during  the 
day,  and  run  05  miles. 

Tuesday^  July  21. — Left  Waconta  at  4  o'clock,  arriving  at  Beef  slongh 
at  7  J  a.  m.  Found  an  old  snag  anchored  in  the  head  of  the  Little  slough 
and  hauled  it  out  on  the  bank.  It  was  25  feet  long,  16  inches  at  the 
stump,  and  eight  at  the  top,  with  a  heavy  root.  Undertook  to  scra|)e 
the  stone-pile  down  into  deep  water,  but  found  that  they  could  not  be 
moved  with  the  scraper  without  scraping  them  towards  the  channel  we 
had  made.  I  therefore  abandoned  the  idea  of  doing  anything  with  them 
for  the  present.  Found  four  feet  scant  on  the  b«ar  here,  and  worked  on 
it  till  I  made  four  feet  large.  Also  worked  on  the  next  one  below,  leav- 
ing lour  feet  large  on  it.  Had  the  red  crosses  put  on  the  sign  boards  at 
the  crossings.  Cut  some  leaning  trees  and  hauled  them  out  on  the  bank. 
Left  at  3  o'clock  and  arrived  at  KoUing  Stone  at  5.  Put  in  remainder  of 
day  cutting  trees  and  stumps  at  head  of  Rolling  Stone  island.  Run  65 
miles.    Took  on  12  cords  of  wood. 

Tuesday,  July  22. — Heavy  fog  till  8  o'clock  this  morning,  so  that 
we  could  do  no  scraping.  Cut  some  impending  trees,  made  and  put  up 
additional  marks  for  the  crossing  in  the  main  river.  Put  up  a  good  one 
on  each  shore  to  indicate  the  starting  point  going  up  or  down.  Also 
drove  stakes  and  put  up  four  on  the  lower  edge  of  upper  reef,  on  the  promi- 
nent points  of  same,  liun  the  boat  through  the  slough  and  found  legist 
depth  four  feet  scant.  Scraped  principally  on  lower  side  in  order  to 
widen  the  channel ;  also  made  it  from  four  to  four  and  a  half  feet  deep. 
Left  for  Trempeleau  bar  at  3  p.  m.,  where  it  w  as  reported  that  boats  were 
rubbing  very  hard.  Found  four  feet  scant.  The  Keokuk  came  over  a 
few  minutes  after  we  got  there,  crossing  where  there  was  three  and  a 
half  feet,  and  rubbing  because  she  did  not  run  in  the  best  water.  Com- 
menced scraping  at  5^  and  worked  till  7^  p.  m.    Kun  24  miles. 

Wednesd/tyj  July  23. — Commenced  work  at  6  a.  m.  By  sounding  with 
the  yawl  while  the  boat  w  as  scraping,  I  found  a  channel  of  four  feet 
large  in  the  shoalest  i)lace,  which  the  boats  have  not  yet  discovered.  It 
stands  out  from  the  island  under  the  reef  that  we  have  been  dredging,  runs 
across  to  the  Wisconsin  shore  towards  the  lower  high  point  of  bluff  back 
of  town,  up  that  shore  to  the  head  of  timber,  and  then  stands  out  until 
striking  the  channel  usually  run.    At  10  o'clock  the  Keokuk  w^ent  over 
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:lie  bar  without  much  of  an  effort.  Worked  until  4  p.  m.,  making  a  good 
Bride  channel  of  fi'om  four  to  four  and  a  half  feet.  Put  up  a  mark  on 
the  island  to  run  by,  running  fi*om  that  to  highest  part  of  bluff  back  of 
XIW11.  Proceeded  up  river.  Stopped  at  Winona  for  stores.  Eun  to 
Wild's  wood-yard.     Took  in  10  cords  of  wood,    liun  20  miles. 

Friday^  July  24. — Left  Wild's  landing  at  4^  a.  m.  Found  four  feet  in 
aiain  channel  at  Rolling  Stone.  Stopped  at  Beef  slough  and  worked 
5rom  0  o^ch)ck  to  12.  Packing  blew  out  of  larboard  cylinder,  and  had 
to  land  to  fix  it.  Started  up  river  at  one.  Found  a  snag  in  the  chan- 
ael  at  the  head  of  Waconta  island,  a  good  sized  tree,  with  a  heavy  root 
and  forked  top.  It  was  about  35  feet  long,  each  of  the  prongs  measuring 
Bight  inches  in  diameter  at  the  top.  Had  it  hauled  down  behind  the 
ifiland,  out  of  the  way  of  navigation.  Took  out  another  about  two  miles 
fhrther  up,  which  was  38  feet  long  and  20  inches  at  the  stump.  Stop- 
ped at  Diamond  bluff  for  the  niglit.  Took  on  20  cords  of  wood.  Run 
m  miles. 

Saturdayj  July  25. — Started  at  5  a.  m.  Took  out  a  snag  about  three 
miles  above  Diamond  bluft',  50  feet  long  and  IG  inches  at  the  stump, 
with  a  heavy  root.  Hauled  out  a  tree  opposite  the  first  point  above 
fiastings,  on  the  right  shore  of  the  river,  an  old  settler,  that  the  boats 
liave  run  around  for  years.  The  top  was  buried  in  the  sand,  the  butt 
rising  and  falling  with  the  water.  Tried  to  get  out  another  above  this, 
tut  atter  breaking  off  all  the  limbs,  could  not  make  fast  to  the  butt,  and 
ftad  to  abandon  it.  Took  out  a  small  snag  from  the  channel  at  the  upper 
l>ar  at  Nininger,  20  feet  long,  and  12  inches  at  the  stump,  with  root 
attached.  Found  foiu*  feet  at  Nininger,  foui*  feet  at  Grey  Cloud,  and 
"ihe  same  at  Pig's  Eye.  Scraped  on  the  latter  until  5  o'clock  to  straighten 
^annel.     Arrived  at  St.  Paul  at  G.     Run  40  miles. 

Monday^  July  27. — Spent  the  forenoon  repairing  cax)8tan  and  rigging. 
Xeft  at  2  p.  m.  Four  feet  on  Pig's  Eye,  with  channel  in  good  shape. 
Iteached  Grey  Cloud  at  4^  p.  m.  Found  3.J  feet  large,  worked  it  out  to 
Aur  feet,  and  left  at  7  o'clock,  going  down  river.  Found  3^  feet  large 
^•n  Nininger,  and  concluded  it  would  do  until  1  came  back  from  Trem- 
^l>eleau.     Ran  to  Diamond  Eluff,  42  miles. 

Tuesday y  July  28. — Took  on  11  cords  of  wood  and  started  out  at  6 J  a. 

JD.  Considerable  fog  on  the  river,  and  had  to  lie  to  for  a  short  time  after 
tanning  half  an  hour.  Pulled  out  a  heavy  snag  in  the  channel  at  the 
ifcot  of  Diamond  island,  30  feet  long  and  about  2G  inches  at  the  stump, 
^th  heavy  root.  Passed  Redwing  about  9.  Continued  down  without 
^tention,  until  we  came  to  Beef  slough.    Found  four  feet  scant  on  the 

Hone-pile  crossing;  made  four  feet  and  left  at  1  p.  m.    Found  over  four 

ieet  at  Rolling  Stone,  and  the  channel  in  good  order.    Took  on  four 
-«)rds  of  wood  at  Wild's  landing.     Stopped  a  few  minutes  at  Winona, 

•ad  continued  on  to  La  Moile,  where  we  stopped  for  the  night.    Took 

i»  12f  cords  of  wood  and  ran  105  miles. 
"  Wedneadayj  Ju^y  20. — Started  at  0.30  a^  m.  and  run  down  to  Trempe- 
feleaa  bar.  Found  four  feet  on  the  main  crossing  where  we  dredged  laiit 
:  week,  with  channel  in  good  shape.  Ran  the  lower  crossing  previously 
:  spoken  of,  and  found  four  feet  nearly,  the  siime  as  before ;  also  took 
|4ounding8  on  the  reef  at  the  upper  side  of  main  channel,  where  the 
|£eoknk  was  running  before  we  worked  on  the  bar.  Found  3J  feet  as 
]  before. 
I     In  compliance  with  Captain  Webb's  orders  turned  my  course  up  river 

It  7  a.  m.,  as  there  was  no  need  of  doing  any  work  here.    Passed  RoU- 
•  ing  Stone  at  10.40.    Found  four  feet  large.    Beef  slough,  1.45.    Found 

four  feet  scant  on  the  stone-pile  crossing,  and  four  feet  large  on  the  cross- 
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mg  below.  Continueil  up  river.  Took  a  wood-flat  in  tow  at  Redwing, 
with  21  cords  wood.  Stoi)ped  for  the  night  at  10  p.  m.,  three  miles 
above  Hastings,    ilan  130  miles. 

Tkursday^  July  3X — Rained  very  hard  during  the  night.  River  rose 
one  inch  in  eight  hours.  Started  out  at  6.15  a.  ni.  Fcnind  four  feet  on 
Nininger  bar.  Scraped  here  awhile  for  the  purpose  of  keeping  the  clian- 
nel  in  its  proper  i>lace,  there  being  symptoms  of  its  changing  to  where 
it  was  in  the  fall  of  18B7,  and  tTie  present  channel  being  much  the 
straighter  of  the  two.  Left  four  feet  large  and  went  on  up  to  Grey 
Cloud.  Found  four  feet  scant  and  increased  it  to  four  feet.  Hauled 
out  a  Cottonwood  tree  about  35  feet  long  and  40  inches  at  the  stump, 
that  lay  alongside  the  channel.  Took  it  down  about  eight  rods,  and 
out  of  the  vvay,  in  doing  which  we  parted  one  of  our  lines  in  two  places. 
Left  at  2  o'clock.  Found  four  feet  at  Pig's  Eye.  Touched  at  St.  Paul 
at  5  p.  m.  to  leave  Captains  Webb  and  McCuen,  and  then  went  back  to 
Pig's  Eye  and  worked  till  G.30  p.  m.  Lay  there  over  night.  Ran  30 
miles. 

Friday^  July  31. — River  at  a  stand  during  the  night.  Scraped  a  little 
while  on  Pig's  Eye  and  left  at  7  a.  m.  Found  4J  feet  on  Robinson  bar, 
right  of  island.  Run  the  upper  crossing  at  Grey  Cloud  bar,  and  found 
four  feet  scant.  Commenced  work  on  lower  crossing  at  SAo.  No  per- 
ceptible change  since  yesterday.  Worked  till  11  o'clock.  Pulled  out 
a  snag  next  to  island,  40  feet  long,  22  inches  at  stump.  Started  at  12.30 
and  ran  eight  miles  below  Prescott.  Took  on  27  cords  of  wood  and 
returned  to  Nininger  at  six,  where  we  lay  for  the  night.     Ran  56  miles. 

Saturday,  Angmt  1. — Started  out  at  G.20  a.  m.  Commenced  scraping 
on  Grey  Cloud  at  G.50.  Found  four  teet  scant.  Worked  till  11.45, 
leaving  over  four  feet.    Arrived  at  St.  Paul  at  3  p.  m.    Ran  25  miles. 

Monday^  Augu4tt  3. — Lett  St.  Paul  at  G.30  a.  m.  Found  3J  feet  on 
Pig's  Eye,  and  commenced  scraping  there  at  7.  Made  an  examination 
of  the  water  to  the  left  of  island.  Found  a  great  deal  of  water  going 
that  way,  and  a  very  good  channel  with  three  reefs  to  cross,  the  first, 
four  feet  scant ;  the  second,  3J  large ;  and  the  third,  four  feet.  Put 
np  marks  on  the  shore,  and  scraped  (m  old  channel  until  11.20.  Went 
on  down.  Found  3J  feet  at  Grey  Cloud,  ui>per  crossing,  and  four  at 
lower,  with  channel  in  good  shape.  Put  no  nuvrks  at  the  upper  cross- 
ing, tliere  being  indications  of  a  change  in  favor  of  the  lower,  which,  if 
anything,  had  more  water  than  we  left  there  on  Saturday,  the  1st  instant. 
Dredged  this  latter  for  a  short  time,  and  put  marks  on  the  island  and 
the  opposite  point.  Started  for  below  at  2  p.  m.  Found  3i  feet  at 
Nininger.  Took  on  12  cords  of  wood  at  Diamond  Bluft,  and  lay  for  the 
night  at  Wacouta.    Ran  6o  miles. 

Tuesday,  August  4. — Left  head  of  lake  at  6  a.  m.,  heading  down  river; 
considerable  fog.  Passed  Beef  slough  at  9.45.  Found  four  feet  scant. 
Arrived  at  Rolling  Stone  at  12  m.  Put  up  marks  of  the  largest  size  on 
both  sides  of  the  river  and  cleared  away  tlie  timber  so  that  they  can  be 
seen  up  and  down  the  river.  Scraped  lower  side  of  the  channel  to  bring 
it  more  with  the  current.  Left  four  feet  large  with  good  width  and  turned 
up  river  at  3.30.  Took  in  12  cords  of  wood  at  Minneiska ;  reached 
Beef  slough  at  7.30  and  lay  over  for  the  night.     Ran  95  miles. 

Wednesday  J  August  5. — Started  out  at  0.15.  Found  four  feet  scant  on 
tow-head  crossing;  worked  it  out  to  four  feet.  Found  and  left  the 
same  on  stone  pile  crossing,  also  pulled  out  a  stump  anchored  here  and 
put  up  large  nuirks  on  both  sides  of  river.  Left  at  11  a.  m.,  going  up. 
Pulled  out  a  snag,  30  feet  long  and  25  inches  at  the  stump,  a  little  alwve 
Shingle  landing.    Went  on  up  at  4.30.    Worked  in  Vermilion  bend  on 
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CHne  snags  and  trees  that  were  much  in  the  way.  Hauled  out  two  trees 
lil  length,  one  about  28  inches  at  the  stump,  the  other  24 ;  also  cut  two 
nees  leaning  over  the  river,  one  20  inches  at  the  stump,  the  other  18, 
Dd  hitchedtoasolidoldsnagthatwe  had  hard  worktostart;  worked  onit 
ntil  dark,  and  finding  our  rigging  not  strong  enough  to  raise  it  we  were 
bilged  to  leave  it.    Lay  there  until  morning.    Kan  50  miles. 

Thursday^  August  6.— Started  at  5.40  a.  m.,  taking  a  wood  barge  in 
5W  at  Diamond  Bluflf.  Found  four  feet  on  Prescott  bar,  three  feet  at 
cad  of  island  below  Douglass,  and  three  and  a  half  feet  at  the  upper 
ar;  scra]>ed  at  the  latter  until  we  had  four  feet  scant,  and  left  at  11.20. 
^ound  three  and  a  half  feet  at  head  of  Belonger's  island,  and  three  and 
f  half  feet  scant  on  lower  Grey  Cloud.  Dredged  here  till  four  p.  m.,  and 
^  four  feet.  Found  three  and  a  half  feet  at  Red  rock.  Lay  up  at  the 
«iarantine  buildings  at  7.15  p.  m.  for  the  night.  Ban  50  miles.  Took 
ft  20  cords  of  wood. 

Friday^  August  7.— Started  out  at  5.30  a.  m.  Found  the  Key  City 
L^ronnd  on  Pig's  Eye,  where  she  had  lain  all  night.  Made  fast  a  line 
ohI  pulled  on  her  until  we  found  our  capstan  about  to  give  way ;  though 
taSX  strong  enough  to  work  the  scraper.  We  then  pulled  on  her  by 
ineking  down  on  a  line,  but  had  none  that  would  stand  the  strain. 
Sarted  two  of  ours  and  one  of  theirs.  The  Muscatine  came  up  at  11.30, 
Vied  to  get  over  bar  and  failed ;  she  then  backed  down  and  tried  the 
jifcer  side  of  the  island,  but  did  not  succeed  there.  The  Ida  Fulton 
Une  up  at  12.30,  with  barge  in  tow,  and  went  by  without  difficulty ; 
fcseatine  then  came  back,  left  her  barge  and  went  over  with  little 
^nible.  I  then  went  to  work  on  the  Key  City  again.  She  got  off  at 
^0  p.  m.  Being  short  of  wood,  ran  down  to  Robinson's,  took  on  15 
iBrds  and  returned  to  Pig's  Eye,  where  we  lay  for  the  night.    Ran  20 

BkilAa 

Saturday^  August  8. — Started  out  at  6  a.  m.    Northern  BeUe  came  up 
the  night  and  got  over  at  5.30  a.  m.    Found  the  bar  in  very  bad  shape 
full  of  lumps,  caused  by  the  boats  getting  aground  yesterday,  with 
three  feet  of  water  on  them.    Labored  under  great  difficulty  on 
t  of  a  heavy  wind  blowing  down  river.    Got  aground  at  8  o'clock, 
after  up-ending  two  or  three  times,  got  off  without  ha\ing  to  spar 
,    Assisted  the  Northern  Bell  over  the  bar  at  11.30  on  her  waj^  down, 
detained  us  but  a  few  minutes.    Milwaukee  passed  up  at  3.30  p.  m. 
out  stopping.    Left  for  St.  Paul  at  3.40  and  arrived  at  4.15,  run- 
only  four  miles. 
Monday,  August  10. — Employed  Sunday  in  making  repairs,  which  were 
completed  till  7  a.  m.  to-day.    Left  St.  Paul  at  7,30  a.  m.    Ran 
to  Pig's  Eye  and  found  but  three  and  a  half  feet  water.    Worked 
hours  and  left  four  feet.    The  bar  at  foot  of  the  island  had  four 
Robinson's  bar  the  same.    Lower  Grey  Cloud  but  three  and  a  half 
seraped  one  hour  and  made  four  feet.    Found  three  and  a  half  feet 
t  on  bar  above  Nininger,  left  it  with  four  feet  at  4  p.  m.    Found  four 
on  the  bar  below  Nininger,  and  four  feet  scant  on  Point  Douglass 
Ran  down  to  Diamond  Bluff,  and  lay  over  night.    Ran  42  miles,^ 
•k  19i  cords  wood. 

Tuesdayj  August  11. — Started    down    river  at  5.15,  reaching  Beef 

h  about  noon.    Examined  the  bars  and  found  four  feet  scant  on 

1,  or  stone  pile  crossing,  three  and  a  half  feet  on  No.  2,  or  tow-head 

ing,  and  good  four  feet  on  No.  3,  or  lower  crossing.    Worked  on 

1  and  2  until  we  made  four  feet  large  on  the  former,  and  four  feet 

t  on  the  latter.    Headed  up  stream  at  5.15  p.  m.    Tied  up  at  8.45- 

liead  of  the  lake  for  the  night.    Ran  107  miles. 

22  w— Part  II 
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Wednesday^  August,  12. — Under  way  at  5.20  a.  m.,  made  Prescott  at 
11.20,  sounded  chute  to  right  of  Prescott  island,  finding  nothing  less 
than  four  and  a  half  feet  scant.  Found  five  feet  on  the  bar  below 
Nining<ir,  and  but  one  cast  less  than  four  feet  on  the  next  above.  Reached 
lower  Grey  Cloud  at  1  p.  m.  Found  but  three  and  a  half  feet  on  the 
bar.    Worked  it  down  to  four  feet  large  in  less  than  an  hour. 

Arrived  at  Pig's  Eye  at  4.05  p.  m..  Captain  Webb  leaving  us  here  for 
St.  Paul.  Found  four  feet  scant  on  bar.  Started  down  river  again, 
making  a  few  scrapes  at  Nininger  (upper  bar.)  Tied  up  at  Nininger. 
Run  84  miles.    Took  in  21  cords  of  wood. 

Thursday^  August  13. — Started  down  at  5.45  a.  m.  Point  Douglass  bar 
showed  four  feet.  Entered  lake  at  9.35 ;  reached  Beef  slough  bar  at 
12.40.  Found  No.  1  four  feet.  Scraped  it  down  to  four  and  a  half  and 
four  feet  large.  Found  but  three  and  a  half  feet  on  the  upper  side  of 
channel  over  bar  No.  2.  Scraped  here  till  night,  and  then  tied  up  with 
less  than  four  feet  on  lower  reef.  Ran  75  miles.  Have  taken  five  cords 
of  wood. 

Friday^  Atigust  14. — Began  work  on  crossing  No.  2  at  5.45  a.  m  ;  cod- 
cluded  to  scrape  lower  down  on  the  lower  reef.  Had  good  success  in 
this,  and  at  9  a.  m.  had  four  feet  of  water  there.  Ran  down  to  Alma  for 
wood.  Came  back  and  examined  lower  crossing,  finding  good  four  feet. 
Scraped  again  on  No.  2,  which  we  left  in  better  shape  than  it  has  been 
before,  straight  and  wide.  Sounded  No.  1  and  found  foiu*  and  a  half 
feet.  Started  up  river  at  8.30  and  tied  up.  Ran  52  miles.  Taken  21 
cords  of  wood. 

Saturday^  August  15. — Left  Redwing  at  5.20  a.  m.  Savanna  came  np 
and  reported  Trempelean  bar  getting  troublesome.  Found  four  feet 
on  Point  Douglass  bar,  five  feet  at  lower  Nininger,  and  four  feet  at 
upper.  Found  four  feet  scant  on  lower  Grey  Cloud  and  scraped  it  to 
four  feet  large.  Arrived  at  Pig's  Eye  at  4.15  p.  m.  No  change  in  gauge 
reading  here  since  Wednesday.  Cut  a  large  elm  and  pulled  it  back 
from  the  'river,  which  would  have  fallen  across  the  channel  soon. 
Sounded  bar  and  found  four  feet  with  a  few  casts  of  four  feet  scant 
Tied  up  at  St.  Paul  at  5.35.  Have  left  a  good  channel  for  the  boats 
from  Beef  slough  to  St.  Paul.  I  anticipate  trouble  soon  at  the  lower 
crossing  at  Beef  slough,  as  the  sand  from  above  is  Avashing  down  there. 
Have  run  420  miles  this  week  and  taken  on  87  cords  of  wood. 

Sunday  J  August  16. — Mr.  Stombs  put  a  new  spindle  in  our  capstan  to- 
day. He  began  as  soon  as  we  landed  last  night,  and  did  not  finish  until 
this  evening. 

Mondny^  August  17. — Left  St.  Paul  at  7.  a.  m. ;  found  four  feet  water 
on  Frenchman's  bar,  and  three  and  a  half  feet  on  Pig's  Eye.  Scraped 
on  the  latter  two  hoiu's  and  made  foiu*  feet.  Arrived  at  low^er  Grey 
Cloud  at  11.30  a.  m.  Found  but  three  and  a  half  feet  here.  Worked 
till  12.05  and  had  four  feet-  Sounded  bar  above  Nininger  and  found 
three  and  half  feet.  Scraped  it  down  to  four  feet  in  one  hour  and  ten 
minutes.  Bar  below  Nininger  had  five  feet,  and  Point  Douglass  bar 
four  feet  with  few  casts  of  four  feet  scant.  Broke  two  wheel-arms  above 
Diamond  bluff  in  passing  a  raft.  Wooded  at  Diamond  blufi',  and  tied 
up  at  Waconta.    Run  60  miles.    Took  12J  cords  wood. 

Tuesday^  August  18. — Left  Waconta  at  5.15  a.  m. ;  were  two  hours  and 
a  quarter  in  passing  the  lake.  Four  gentlemen — Hon.  Frank  Daggett,  of 
the  Wabashaw  Herald ;  Mr.  Charles  Hamilton,  agent  Northwest  Union 
Paeket  Company  ;  W.  R.  Steele,  of  the  Wilmington  (Illinois)  Indei)end- 
ent,  and  Mr.  O.  E.  Clark,  Chicago  and  Alton  railroad — came  aboard 
here  and  accompanied  us  to  Beef  slough  to  witness  the  operations  of 
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le  scraper.  We  deepened  the  channel  at  the  upper  crossing  in  35 
dnutes  to  four  and  four  and  a  half  feet,  beginning  with  three  and  a  half 
set  large.  They  all  expressed  themselves  highly  pleased  with  the 
irking  of  the  scraper.  The  other  crossings  here  were  good.  Found 
mr  feet  water  on  all  the  bars  down  to  Trempelean,  where  we  arrived  at 
.15  p.  m.  Found  the  bar  at  the  place  in  good  shape,  but  boats  have 
&d  trouble  by  not  keeping  our  channel.  Made  a  few  scrapes,  improved 
le  guide-boards  and  ran  up  to  La  Moile  for  wood,  and  tied  ui>  there, 
^k  13  cords  of  wood.    Ran  90  miles. 

Wednesday^  August  19. — Found  Trempelean  bar  in  bad  shape  this 
feoming.  The  Flora  got  aground  with  two  barges  in  the  night,  and 
lade  lumps  in  the  channel.  Soundings  from  three  and  a  half  to  four 
»t  scant.  Worked  about  two  hours  and  made  four  feet,  with  some 
%sX%  on  the  lumps  of  four  feet  scant;  raining.'  Started  down  at  8.05 
>.  m. ;  Black  river  crossing  had  five  feet ;  landed  at  La  Crosse  at  11.20 ; 
rent  on  down  to  landing,  took  boxes,  &c.,  aboard,  and  the  quarter-boat 
d  tow,  and  started  up  river  at  4.10  p.  m.  Landed  and  tied  up  at  Badax 
Pood-yard.    Took  18  cords  wood.    Ran  100  miles. 

Thursday^  August  20. — Left  Badax  at  5.15  a.  m. ;  passed  Brownsville, 
•45;  La  Crosse,  9.35 ;  arrived  at  Trempelean  bar  at  1.15  p.  m. ;  found  it 
■)out  as  we  left  it  yesterday,  began  to  scrape  immediately,  and  worked 

Ewe  had  good  four  feet  in  all  places,  leaving  at  5.20  p.  m.    The  Key 
y  came  down  while  we  were  there,  with  two  barges,  each.  Captain 
^ebb  said,  drawing  more  than  three  and  a  half  feet.    She  kept  our 
el  and  had  no  trouble.    Lay  up  at  Winona  without  wooding, 
ing  run  68  miles. 
Fridapj  Augu4it  21. — Started  from  Winona  at  4.30  a.  m.    Tied  up  for 
:ht  at  Diamond  bluff  at  8  p.  m.;  found  good  water  all  the  way  up, 
feet  at  all  the  Beef  Slough  crossings,  Avith  but  four  feet  at  West 
on  bar ;  this  and  Alma  bar  will  make  trouble,  if  the  water  falls 
h.    Had  one  cast  on  the  latter  of  four  feet  scant ;  the  remainder  four 
aud  four  feet  large.    Have  taken  31  cords  of  wood  and  run  115 

Saturday  J  August  22. — Left  Diamond  bluflf  at  5  a.  m.;  reached  Pres- 
at  7;  Point  Douglass  bar  sounded  four  feet,  one  cast  four  feet  scant; 
above  Nininger  four  feet,  and  Belonger's  bar  the  same.    Arrived  at 

rer  Grey  Cloud  bar  at  8.40;  found  three  and  a  half  and  four  feet  scant. 

Torked  two  and  a  half  hours  there  and  left  four  feet.    Reached  Pig's 

re  bar  at  2.20  p.  m. ;  this  bar  had  three  and  a  half  and  four  feet  scant ; 

)rked  it  down  to  four  feet,  and  started  for  St.  Paul  at  3.30  p.  m.  Have 
four  feet  of  water  on  all  the  bars  from  Trempelean  to  Saint  Paid. 

ixe  taken  69  cords  of  wood  this  week,  and  run  520  miles. 

Sunday^  August  23. — The  engineers  were  quite  busy  most  of  the  day 
ling  and  fixing  the  engines.  Paid  oft*  the  cook  and  carpenter  and 
iged  others. 

Imday^  August  24. — Left  St.  Paul  at  7  a.  m. ;  found  four  feet  scant 
Frenchman's  bar,  and  three  and  a  half  feet  on  Pig's  Eye ;  scraped 
latter  down  to  four  feet,  made  an  alteration  in  the  sign  and  left  at 
;  found  four  feet  scant  at  the  foot  of  the  island ;  Robinson's  bar  had 
feet  and  lower  Grey  Cloud  but  three  and  a  half  feet.  Worked  here 
it  IJ  hour  and  made  four  feet.  Ran  down  by  Nininger's  bar  and 
id  but  three  and  a  half  feet  here;  scraped  till  2.45  and  made  four 
;  put  up  a  sign-board  below  and  went  on  down.  Point  Douglass 
had  four  feet  scant.    Tied  up  for  night  at  the  head  of  the  lake, 

i>Ting  run  65  miles  and  taken  10  cords  of  wood. 

Tuesday,  August  25. — Left  Waconta  at  5  a.  m.;  passed  Reed's  at  7.30, 
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and  made  Beef  slough  at  8.30.  Sounded  all  the  bars  and  found  four 
feet,  except  on  Tow-head  crossing,  which  had  four  feet  scant.  Worked 
here  till  10  a.  m.  Changed  the  guide  on  the  left  bank.  Left  at  10.35. 
Amved  at  West  Newton  bar  at  11.30.  Found  only  four  feet  scant 
in  channel.  Began  scraping  here,  (the  first  in  this  place.)  Worked  2J 
hours  and  made  good  four  and  a  half  feet.  Put  up  sign  and  went  on 
at  2.45  p.  m.  Found  four  feet  scant  on  Eolling  Stone.  Scraped  30 
minutes  and  made  good  four  feet.  Stopped  at  Winona  for  night  at  7 
1).  m.    Took  12J  cords,  and  ran  99  miles. 

Wednesday^  August  26. — Stiirted  from  Winona  at  6.15.  Morning  foggy. 
Arrived  at  Trempelean  bar  at  7.50.  Found  scant  four  feet  of  water. 
Scraped  all  the  forenoon  and  left  it  with  good  four  feet.  Headed  up 
again.  Made  Rolling  Stone  at  4.50.  No  percei^tible  change  here  since 
yesterday.  Lay  up  at  West  Newton  for  night.  Took  seven  cords  wood. 
Ban  72  miles. 

Thursday^  August  27. — Start/Cd  at  5  o'clock  a.  m.  Made  Beef  slough 
at  6.35.  Found  the  water  had  fallen  two  and  a  half  inches  since  Tuesday, 
with  four  feet  on  k)wer  crossing,  four  feet  scant  on  middle,  and  on  upper 
four  feet  on  one  side  and  four  feet  scant  on  the  other.  Met  the  Mon- 
tana a  little  above  the  head  of  Beef  Slough  chute.  Landed  and  took 
some  lumber  and  a  skiff  from  here  and  went  on  up.  Got  through  the 
lake  at  11  a.  m.  Wooded  at  Diamond  bluff.  It  began  to  rain  before 
we  finished  wooding  and  did  not  stop  till  we  were  at  Prescott.  Found 
four  feet  scant  on  Point  Douglass  bar,  anid  but  three  feet  large  on  Nin- 
inger.  Worked  here  until  sundown,  knd  tied  up.  Have  run  100  miles 
and  taken  14  cords  of  wood. 

Fndayy  August  28. — Began  work  again  on  Nininger  bar  at  6.10  p.  m. 
Worked  until  7.50,  and  had  three  and  a  half  feet.  Ran  w^  to  Grey 
Cloud  and  found  but  three  feet  there.  Worked  steadily  on  this  bar 
till  1.15  p.  m..  and  made  good  three  and  a  half  feet.  The  Muscatine 
got  aground  nere  about  11  o'clock,  and  was  three  quarters  of  an  hour 
getting  over.  Examined  the  channel  marked  in  sketch  "channel  used 
some,''  and  found  three  feet  on  the  crossing.  The  best  water  was  very 
near  lastf  year's  channel.  [See  blue  lines  on  sketch.]  Arrived  at  Pig's 
Eye|5.lO.  Found  but  three  feet  on  the  bar  at  foot  of  island  and  scant 
three  on  main  bar.  Water  fallen  five  inches  here  since  Saturday  last 
Scraped  on  last-mentioned  bar  till  night  and  lay  up  here.  Made  quite 
an  improvement  in  the  soundings,  intending  to  make  thorough  work 
here  before  leaving.  Have  made  about  30  miles  to-day,  and  ^ken  13 
cords  of  wood. 

Saturday^  August  29. — River  fell  nearly  two  inches  last  night.  Began 
work  on  Pig's  Eye  bar  at  6.15  a.  m.,  and  scraped  till  9.50.  Made  three 
and  a  half  feet  water  in  the  crossing.  Moved  the  guide-board  down 
about  250  feet,  and  put  up  some  to  direct  in  making  the  crossing  at  the 
foot  of  the  island.  I  examined  this  bar  in  the  yawl,  and  found  the 
channel  had  changed  very  much  lately.  [See  sketch.]  Ran  down  to 
Grey  Cloud,  arriving  at  11.35.  Found  but  three  feet.  Worked  till  3.40 
p.  m.,  and  left  good  three  and  a  half  feet.  Started  up  river  again. 
Made  Pig's  Eye  at  6.  Worked  on  the  lower  bar  till  after  sundown. 
Reached  St.  Paul  at  7.35  p.  m. 

A.  R.  RUSSELL,  Captain. 
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Appendix  D. 

Captain  N.  F.  Wehh^s  report 

U.  S.  Steamer  Montana,  Augmt  31, 1868. 

Dear  Sir  :  In  1867  Major  General  Warren  requested  Captain  W.  F. 
Davidson,  President  Xorthwestem  Union  Packet  Company,  to  permit 
me  to  leave  the  command  of  the  steamer  Itasca  and  accompany  him 
(General  W.)  during  the  low  water  of  that  season  on  this  boat,  (Montana,) 
and  witness  the  operations  and  success  or  otherwise  of  Colonel  Long's 
scraper,  then  introduced  for  the  first  time  for  the  purpose  of  improving 
the  na\igation  of  the  upper  Mississippi,  and  also  requested  me  to  give 
my  \iews  in  relation  to  the  best  method  of  working  the  scraper  and  the 
localities  where  it  might  be  used  to  the  greatest  advantage. 

Accordingly  I  was  permitted  to  join  General  Warren  early  in  October 
of  the  year  referred  to. 

Previous  to  this  time  I  had  seen  a  model  and  drawings  of  the  scraper, 
with  which  I  was  much  pleased.  I  thought  it  might  do  good  ser\ice  on 
the  bars,  but  after  I  had  witnessed  the  practical  operations  of  this 
machine  at  Beef  slough  and  elsewhere  I  was  highly  gratified,  as  it 
certainly  exceeded  my  expectations,  both  in  the  amount  of  work  which 
it  accomplished  and  the  great  facility  with  which  it  was  raised  and 
lowered  on  to  the  bars  and  made  to  perform  the  work  required. 

I  remained  with  General  Warren  until  the  close  of  navigation,  in 
November,  witnessing  the  daily  operations  of  the  scraper  upwards  of 
six  weeks,  during  which  period  it  was  used  to  the  entire  satisfaction  of 
all  concerned,  and  so  simple  and  complete  was  the  arrangement  of  all 
its  parts  and  adjustments  that  no  loss  of  time  or  delay  was  occasioned, 
by  the  necessity  of  making  rei)airs  or  alterations,  of  any  material 
importance. 

On  the  1st  of  Febniary  I  was  placed  under  your  orders  to  assist  in 
the  care  of  the  boats  Montana  and  Caffrey  during  the  winter,  and 
the  repairs  and  outfits  of  same  for  work  during  the  njext  l^w-water 
season.  For  this  purpose  I  repaired  to  Dubuque  and  remained  there 
until  the  6th  of  April,  when  I  accompanied  the  boat  to  La  Crosse,  wnere 
the  Caffrey  was  to  be  docked  and  both  were  to  be  repaired  and  receive 
their  snagging  apparatus. 

On  the  12th  of  July,  acting  under  your  instructions,  I  left  La  Crosse 
with  the  Caffrey  for  St.  Paul,  (see  Aj)pendix  B,)  and  have  made 
several  trips  on  her  since  and  witnessed  her  scraping  operations  on  all 
the  bars  whicli  required  improvement  between  La  Crosse  and  St.  Paul. 
On  some  of  the  worst  bars,  such  as  Pig's  Eye  ^nd  Grey  Cloud,  we 
found  three  feet  scant,  but  in  every  Instance  succeeded  in  increasing 
the  depth  to  four  feet,  so  that  the  agent  of  the  northern  line.  Captain 
Buford,  telegraphed  for  the  large  boats  to  come  through  to  St.  Paul, 
as  they  had  l)een  stopping  at  Prescott,  35  miles  below,  for  want  of 
sufficient  water  to  enable  them  to  cross  the  bars.  The  boats  of  this 
line  and  the  Northwestern  Union  Packet  Company  have  been  running 
regular  trips  ever  since — a  condition  of  affairs  never  before  known,  at 
this  stage  of  water,  in  the  experience  of  pilots  and  steamboat  men  of 
thirty  and  thirty-fiv^e  years'  standing.  There  had  been  no  large  boats 
up  to  St.  Paul  for  nearly  six  weeks  previous  to  the  operations  of  Long's 
semper,  and  it  is  safe  to  say  that  they  would  not  have  been  able  to 
make  the  port  of  St.  Paul  without  it,  except  by  the  greatest  exertions, 
and  at  occasional  intervals  when  there  had  been  a  rise  in  the  river  of 
five  or  six  inches. 
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I  beg  leave  to  state  that  I  have  had  43  years'  experience  in  the  navi- 
gation of  western  rivers,  having  during  that  time  commanded  30  dif- 
ferent steamboats,  partly  on  the  Ohio,  Cumberland,  Tennessee,  upi>er 
and  lower  Mississippi.  The  first  boat  I  was  connected  with  was  the 
America,  in  1824.  I  have  always  paid  the  greatest  att^^ntion  to  the  dif- 
ferent methods  proposed  for  improving  navigation  in  the  west,  and,  as 
far  as  my  observation  goes,  have  never  seen  a  more  efficient  or  econom- 
ical plan  than  the  one  adopted  in  the  use  of  Colonel  Long's  scraper. 

The  inhabitants  of  the  west,  and  particuhirly  those  living  on  the  banks 
of  the  upper  Mississippi,  are  under  gi'eat  obligations  to  Genei'al  Warren 
for  his  sagacity  and  good  judgment  in  allowing  the  use  of  the  Long 
scraper  in  the  district  under  his  command,  and  to  yourself,  for  the  energy 
and  perseverance  exercised  in  perfecting  its  operations  and  adaptations 
to  western  steamboats  in  the  face  of  many  drawbacks  and  discourage- 
ments. 

Very  respectfully,  your  obedient  servant, 

K  F.  WEBB. 

P.  S. — Since  writing  the  above,  I  have  accompanied  you  on  the  Mon- 
tana on  a  trip  from  St.  Paul  to  Trempeleau  and  retui'n. 

The  snagging  and  scraping  apparatus  of  this  boat  meets  every  ex- 
pectation. Three  very  dangerous  snags  were  taken  out  at  the  head  of 
Beef  slough,  two  at  Rolling  Stone,  and  others  in  different  localities. 
Some  of  these  snags  measured  40  feet  long  and  three  feet  diameter 
above  the  roots,  very  lieaA'y  and  directly  in  the  main  low- water  channel 
We  also  deepened  the  water  to  four  feet  at  Trempeleau  bar. 

K  P.  WEBB. 

Major  H.  C.  Long. 

United  States  Civil  Engineer. 


Appendix  E. 

Report  of  Captain  D.  8,  StoinbSj  being  extracts  from  log-book  of  United 

States  steamer  Montana. 

Wednesday^  August  26. — Lieutenant  Chase's  corps  of  engineers  came 
on  boat  last  night  to  go  down  with  it.  Had  steam  on  at  5.30  a.  m.,  and 
tried  the  nigger  engines ;  found  them  working  very  satisftictorily.  A 
ten-string  raft  of  sawed  lumber,  in  two  sections,  passed  down  the  river 
about  6  a.  m.;  got  under  way  at  7.30;  made  Frendiman's  bar  at  7.40; 
Pig's  Eye  8;  Picayune  bar  8.45;  liobinson's  island  9.15 :  and  Grey  Cloud 
10.50;  took  on  ten  cords  of  wood  at  latter  place  and  went  on  ;  passed 
Point  Douglass  at  ndon ;  took  on  13  cords  of  wood  at  Diamond  Bluff,  and 
left  at  2.10,  after  leaving  order  with  J.  A.  McConnell  for  some  dimension 
oak  lumber  for  wheel  arms  and  floats  for  Montana  and  Caftrey ;  parsed 
Kedwing  at  3.15  p.  m.;  entered  Lake  Pepin  at  4.10 ;  passed  through  at 
6.35,  and  tied  up  at  Wabashaw  at  7.05.  Boat  came  through  without 
touching  bottom,  and  was  followed  by  the  Key  City  with  good  freight 
and  no  trouble.  Found  water  at  good  stage,  four  feet  in  channel.  Strong 
wind  up  stream  all  day;  weather  warm.  Took  on  23  cords  of  wood 
during  day,  and  ran  about  112  miles. 

Thursday^  August  27. — Left  Wabashaw  at  6.30  a.  m.,  going  down ;  met 
Caftrey  at  Clara  Hinde's  wreck;  stopped  ten  minutes  to  transfer  lumber, 
and  then  dropped  down  into  Beef  slough  and  made  first  trial  of  snag- 
ging apj)aratus.  Snag  was  just  below  head  of  slough,  wholly  under 
water  and  out  of  sight;  made  fast  to  it  without  difficulty  and  hauled  it 
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to  top  of  water  with  ease,  the  craues  working  very  steadily;  rolled  it  to 
top  of  bank  and  then  left.  It  was  a  black  elm,  full  length,  with  roots 
measuring  two  and  a  half  feet  diameter  at  lyitt,  and  at  25  feet  branch- 
ing  into  two  forks,  each  one  foot  diameter.  Took  out  smaller  snag  from 
same  locality,  full  length,  one  foot  diameter  and  very  crooked.  Took  a 
l)lack  oak  log  from  the  middle  of  channel  a  little  above  the  others,  at 
the  very  head  of  the  slough,  17  feet  long,  two  feet  diameter  at  one  end, 
19  inches  at  the  other. 

Started  down  stream  at  2.30  p.  m.;  stopped  for  half  an  hour  at  Min- 
neiska  for  eight  cords  of  wood,  leaving  at  4.30;  landed  at  liolling  Stone 
^ood-yard  at  6.15  and  tied  up  for  the  night,  after  taking  21  cords  of 
^ood.  Hea^-y  wind  up  river  all  day,  and  rain  from  four  to  six  j).  m. 
IRan  44)  miles;  shipped  29  cords  of  wood. 

Friday,  Au^uM  28. — Heavy  shower  last  night ;  got  off  at  5.35  a.  m. ; 
passed  Winona  at  6.20  and  made  Trempeleau  at  8.05;  lowered  scraper 
on  bar  at  this  place,  made  three  scrapes,  leaving  good  four  feet,  and 
lieaded  op  stream  at  8.40  a.  m.,  passing  Winona  at  10.55  and  Fountain 
City  at  12.15.  At  1.45  stopped  and  took  a  snag  from  channel  opposite 
next  headland  above  Chimney  rock,  near  Wisconsin  side,  measuring  25 
feet  in  length  and  two  feet  in  diameter  at  base,  with  roots.  At  2.30 
vent  on  a  mile  or  so  and  made  fast  to  a  bad  snag  in  the  middle  of  the 
channel  at  crossing  below  Mount  Vernon,  towed  it  down  stream  to  left 
jfaore  and  hauled  it  upon  bank  out  of  harm's  way.  It  was  the  trunk 
and  roots  of  an  elm,  38  feet  long,  and  36  inches  diameter  at  base.  Got 
under  way  again,  and  after  a  rough,  windy  afternoon,  tied  up  at  Bough 
island  at  7  p.  m.  Took  16  cords  of  wood  here,  and  ran  during  day  Sb 
miles. 

ikturday^  August  20. — Got  under  way  at  4  a.  m.,  going  up  ;  made  Beef 
slough  at  5.35  and  Wabashaw  at  6.35 ;  landed  here  and  sent  yawl  out 
to  make  fast  to  a  snag  in  the  middle  of  channel;  found  it  loose  and 
lowed  it  ashore.  It  was  a  log  of  about  18  feet  long  and  two  feet  diam- 
eter at  large  end. 
Left  Wabashaw  at  8  and  entered  lake  at  9  under  a  strong  head  wind 
\  and  heavy  sea;  made  head  of  lake  at  11.50,  Bedwing  12.50  p.  m., 
Point  Douglas  4,  Hastings  5,  and  Grey  Cloud  at  7.  Took  13  cords  of 
wood  and  left  at  7.35 ;  reached  Pig's  Eye  about  11 ;  found  the  War  Eagle 

Eranded  there  and  swung  across  channel  with  heavy  load  on  and  two 
ded  barges  on  either  side. 

Concluded  to  cross  to  left  bank  and  lie-to  till  she  got  away ;  struck 

tte  reef  a   little  too  high  up  and  got  stuck,  the  stern  swinging  round. 

^  »t  out  a  line  and  pulled  off.    War  Eagle  got  off  in  about  two  hours ; 

went  on  aft^r  her.    Found  three  and  a  half  and  four  feet  on  bar,  and 

ifter  getting  over  it  a  heavy  fog  shut  down  on  us,  and  we  tied  up  for 

tte  night  at  one  o'clock.    Ban  110  miles.    Took  13  cords  of  wood. 

Sundayj  Augunt  30. — Heavy  fog  this  morning;  got  under  way  at  7.30 

m.    Met  Caffrey  just  above  Frenchman's  bar,  coming  down  per  order 

Major  General  Long,  sent  up  during  night.    Directed  her  to  scrape 

•few  hours  at  Pig's  Eye.    Landed  at  St.  Paul  at  8.10;  Caffrey  got  up 

fftout  10.30.     Found  water  six  and  a  quarter  inches  lower  than  we  left 

ft  on  Wednesday. 

D.  S.  STOMBS,  Captain. 
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Chapter  V. 
History  of  the  improvethent  being  carried  on  on  the  Minnesota  river. 

The  following  is  an  account  of  the  operations  under  the  appropriation 
of  $37,500  for  removing  snags  and  boulders  from  the  Minnesota  river. 

On  the  22d  of  June,  1867,  the  following  advertisement  was  inserted  in 
the  Saint  Paul  Press,  daily,  from  June  23  to  30 ;  Saint  Paul  Pre^s,  tri- 
weekly, from  June  30  to  July  6 ;  Saint  Paul  Pioneer,  daily,  from  June 
23  to  June  30 ;  Saint  Paul  Pioneer,  triweekly,  from  June  30  to  July 
6 ;  Minnesota  Staats  Zeitung,  weekly,  from  June  29  to  July  6 ;  Dubuqne 
Times,  daily  for  one  ^veek ;  Wisconsin  State  Joiu'nal,  daily  for  one  week ; 
Chicago  Tribune,  daily  for  ten  days :  Cincinnati  Times,  daily  for  seven 
days ;  Pittsburg  Commercial,  daily  for  seven  days : 

United  States  Engineer  Office 

Saint  Paulf  Minnesota,  June22^  1867. 

Sealed  proposals  in  duplicate  will  be  received  at  this  office,  addressed  to  the  undersigned, 
until  J2  m.  Thursdaj,  July  25,  as  follows  : 

Proposals  for  removing  snags  and  boulders  from  the  channel  of  the  Minnesota  river. 

This  work  is  in  two  sections ;  the  upper  section,  from  the  junction  of  the  Yellow  Medicine 
river  to  Mankato.  1^^  miles,  has  reefs  of  small  and  large  boulders,  and  snags  singly  and  in 
groups.  The  width  is  about  200  feet,  the  low-water  channel-waj  20  to  40  ieet  wide,  with 
depth  from  10  to  24  inches,  and  current  half  to  two  and  a  half  miles  per  hour.  The  Uneer 
section  being  from  Mankato  to  the  Little  Rapids,  61  miles,  is  mainly  obstructed  by  snags. 
The  width  is  about  250  to  300  feet ;  to  low-water  channel-way  40  to  80  feet  wide,  with  depth 
from  15  to  20  inches,  and  current  one  to  two  miles  per  hour.  The  Little  Kapids  at  low 
water  can  only  be  panged  by  light  vessels  of  one  foot  draught,  with  a  rise  of  four  feet,  these 
rapids  are  no  obstruction. 

The  banks  throughout  the  river  are  generally  alluvial,  from  10  to  20  feet  above  low  water. 
By  the  term  snag  is  meant  sunken  logs  and  stumps,  and  trees  with  roots  imbedded  in  the 
bottom  of  the  stream.  They  vary  in  diameter  from  one-half  to  three  and  a  haft  feet.  The 
boulders  will  not  require  stronger  lifting  machinery  than  the  snag8  will,  and  may  be 
deposited  in  deep  holes:  but  snags  must  be  destroyed  and  placed  where  they  cannot  again 
wash  into  the  channel-way.  The  work  will  be  let  entire  or  in  such  parts  as  the  engineer  may 
determine.     $37,000  is  appropriated  for  this  work. 

Contractors  will  state  the  price  of  removal  per  snag  of  the  following  diameters  above  the 
root:  First,  between  6  and  20  inches ;  second,  between  20  and  30  inches;  third,  between 
30  and  36;  fourth,  between  36  and  42  inches.  The  price  of  removing  boulders  will  be  stated 
by  the  ton  or  cubic  yard. 

Contractors  will  be  required  to  furnish  their  own  boats,  machinery,  &c.,  as  well  as  labor; 
to  interfere  as  little  as  practicable  with  navigation,  and  to  show  that  they  possess  the  neces- 
sary skill  and  experience,  and  that  the  means  to  be  used  are  adapted  to  the  river,  and  suita- 
ble in  construction  and  mechanical  power.  They  will  be  required  to  commence  work  at 
two  points  at  least  by  the  1st  of  September  next,  tne  stage  of  water  permitting.  These  pro- 
posals must  be  indorsed  on  the  envelope :    **  Proposals  tor  removing  snags  and  boulders  from 

the  Minnesota  river. " 

«  «  «  •  »  * 

A  printed  copy  of  this  advertisement  must  be  attached  to  each  proposal  herein  solicited. 
Each  bid  must  contain  a  written  guarantee,  signed  by  two  responsible  persons.  Blanks  for 
proposals  will  be  furnished  at  this  office  on  application.  The  govermueut  reserves  the  right 
to  reject  any  and  all  bids. 

Parties  desiring  further  information  can  obtain  the  same  by  CHlling  at  this  office,  where 
maps  of  the  river  and  drawings  of  vessels  for  removing  snagei  and  boulders  will  be  shown  to 
all  who  desire  to  make  proposals. 

G.  K.  WARREN, 
Brevet  Major  General  U,  S,  A..,  Mfsjor  Engineers,  in  charge. 
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Aktnet  eftdl  proposals  rectieed  at  Saint  Paul,  Minnesota,  July  ^,  1867,  for  the  removal 
of  snags  and  boulders  from  the  channel  of  the  Minnesota  river. 


99. 

1 

9  \ 

\3 
4 

i 
6 


Pktrkk  Naah.... 
Sanf  d  A.  Hooper. 


C.  R.  Read 

J'M.  Walker  and 
Wm.  Hardj. 

Rejnolds,  Saal' 
pangfa  4k  Co. 

D.  H.  Fawlei 


Geo.  L.  Becker,  and 

A.  Qoodrich. 
Robert  H.  Roue  and 

A.  O.  Chatfield. 

Thomas  Wilson 

C.  D.  Gilflllenand 

J.  B.  Lyge. 
Horace   Thompson 

and   N.   B.    Har- 

wood. 
J.  8.   Walker  and 

Wm.  A.  Qaslin. 


Snags,  diameter  In  Inches. 


6  to  20. 


$14  00 

13  00 

4  95 

10  00 
8  95 

12  50 


25  00 
23  00 
23  00 


20  to  30. 


30  to  36. 


114  00 

13  00 

6  00 

13  00 
11  95 

15  50 


32  00 
30  00 
30  00 


114  CO 

13  00 

7  50 

16  00 
13  95 

20  GO 


38  00 
35  00 
35  00 


36  to  42. 


e 

2 

*3 

& 


Remark*. 


$14  00 
13  00 
11  00 

$10  00 

10  00 

4  90 

20  00 
16  95 

2  50 

23  00 

50  00 
45  00 

30  00 
30  00 

45  00 


*  Upper  section. 
*I^wer  section. 
Both  sections. 

t  Both  sections. 
Boulders,  $10  per 

ton. 
Boulders,  $6   per 

ton. 


Upper  section. 
Ijower  section. 
27  00  I  Both  sections. 


*  Upper  section,  from  Junction  of  the  Yellow  Medicine  river  to  Mankato;  lower  section,  from  Mankato  to 

lOle  Rapida. 

^Saatgs  and  boulders  bid  for  together,  not  separately. 

I  certify  this  to  be  a  tme  copy  of  the  original  bids. 

G.  K.  WARREN, 
Brevet  Major  General  U.  8.  A,,  Major  Engineers. 

The  contract  wa«  awarded  to  Samuel  A.  Hooper  Jnly  25, 1867 ;  signed 
aly  27,  1867,  and  approved  by  the  department. 
The  following  is  a  copy  of  an  indorsement  of  Sanford  A.  Hooper : 

We,  the  UDdersigned,  residents  of  Minnesota  valley  and  of  the  city  of  Saint  Paal,  beinfn^ 
eROBally  acquainted  with  S.  A.  Hooper,  have  no  hesitation  in  recommending  him  as  pos- 
Med  of  the  necessary  enerj^y,  skill,  and  experience,  and  also  of  pecuniary  ability  to  per- 
mtbe  work  of  removing^  snags,  boulders,  &c.,  from  the  channel  of  the  Minnesota  river, 
greeably  to  yonr  advertisement  under  date  of  June  22, 1867,  soliciting  proposals  for  such  work. 
Respectfully  yours, 

J.  M  SPRAGUE.  A.  G.  CHATFIELD. 

ROBERT  H.  ROSE.  ROBERT  A    IRWIN. 

ADAM  BUCK.  D.  D.  CHATFIELD. 

T.  J.  DUFFY.  FRIEND  J.  WHrFLlNK. 

D.  L.  HOW.  S.  A.  PARKER. 

F.  L.  BALCH.  E.  FARNHAM. 

D.  A.  HUNTSMAN.  SPICY,  BLACK,  &  Co. 

L.  L.  BAXTER.  STONE,  METZNER  &  Co. 

R.  BLAKESLY.  J.  W.  BISHOP, 

HORACE  THOMPSON.  ChUf  Engineer  M.  V.  Railroad. 

CHARLES  8CHEFFER.  SAMUEL  BOWLER. 

J.  C.  BURBANK.  CHARLES  BERRY. 

O.K.  Warren, 

Brevet  Major  General  U,  S.  A. 

3fr.  Read's  bid  for  removing  boulders  could  not  be  accepted,  as  is 
kowTi  by  the  following  communication  : 

Saint  Paul,  July  25,  1867. 

Gexeral:  In  making  the  prcposal  for  removing  snags  and  boulders  from  the  Minnesota 
w.  it  was  my  understanding  timt  thti  bid  was  ma«1e  as  a  whole,  and  not  liable  to  be 
ypU^  in  part  only.  Thus,  for  instance,  that  my  •ifer  for  removing  b«>ulder8  at  the  price 
led,  was  only  on  condition  uf  having  also  the  work  of  removing  snags  at  the  price  I 
te.1.  C.  R.  READ. 

Witness : 

H.  C.  Long. 

reneral  G-  K.  Warren,  Major  of  Engineers. 

[  certify  that  the  above  is  a  true  copy  of  the  original. 

G.  K.  WARREN, 
Brevet  Major  General  U.  S.  A.j  Major  of  Engineers. 
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Subsequently,  Mr.  C.  E.  Head  sent  to  the  department  a  protest  against 
the  approvjil  of  my  award  of  tlie  contract  to  Mr.  S.  A.  Hooper,  whicli 
was  referred  to  me  and  a  report  upon  the  facts  in  the  case  requested 
Tlie  report  w^as  made  and  forwarded  to  the  department,  since  when 
nothing  has  been  lieard  of  the  matter. 

Mr.  Hooper  having  reported  that  he  would  be  ready  with  one  crane 
boat  to  commence  removing  snags  by  August  20,  Captain  Edwin  Bell 
w^as  appointed  inspector  of  the  work  August  19,  1867.  The  following  is 
a  copy  of  letter  of  appointment  and  instructions: 

United  States  Engineer  Office, 

8l  Paulf  Minnesota,  August  19,  1867. 

Captain:  I  hereby  appoint  you  to  assist  me  in  superintending  the  removal  of  the  snags 
and  boulders  from  the  Minnesota,  under  the  contract  made  with  Sanford  A   Hooper. 

The  terms  of  the  contract  are  as  follows :  That  the  said  Sanford  A.  Hooper  shall  remove 
from  the  channel  of  the  Minnesota  river,  between  the  Little  Rapids  and  the  Yellow  Medidne 
river,  at  such  points  as  the  engineer  in  charge  may  direct,  such  snags,  sunken  logs  and 
stumps,  and  trees  with  roots  imbedded  in  the  bottom  of  the  stream,  and  such  boulders  as  said 
engineer  may  designate,  and  dispose  of  them  to  the  satisfaction  of  said  engineer,  so  that  thej 
cannot  again  obstruct  navigation ;  shall  furnish  his  own  apparatus  for  doing  the  work,  and  all 
the  labor,  material,  and  subsistence  required  in  doing  the  same ;  and  do  this  at  the  following 
prices,  viz: 

J  St.  For  logs,  stumps,  and  trees,  above  described,  of  the  following  dimensions,  measured 
one  foot  above  the  root ;  for  those  of  6  inches  diameter  and  upwards,  not  exceeding  20  inches, 
each  $4  95 ;  for  those  of  20  inches  diameter  and  upwards,  not  exceeding  30  inches,  each 
$6  00;  for  those  of  30  inches  diameter  and  upwards,  not  exceeding  36  inches,  each  f7  50; 
for  those  of  3()  inches  diameter  and  upwards,  not  exceeding  42  inches,  each  $11. 

2d.  For  holders,  per  cubic  yard,  ^4  DO. 

That  all  the  work  performed,  offered  under  this  contract,  shall,  before  being  accepted,  be 
subject  to  a  rigid  inspection  by  an  inspector  appointed  on  the  part  of  the  government,  and 
such  HK  does  not  conform  to  the  specifications  set  forth  in  this  contract  shall  be  n'jected 

The  engineer's  estimate  of  the  different  kinds  and  amount  of  work  in  the  several  parts  of 
the  river  are  as  follows: 

From  Yellow  Medicine  river  to  Red  Wood  river,  distance  27^  miles,  1,400  cubic  yards 
rock,  50  snags ;  from  Red  Wood  river  to  Fort  Ridgley,  26\  miles,  250  cubic  yards  rock, 
300  snags ;  from  Fort  Ridgley  to  Mankato,  distance  72|  miles,  TO  cubic  yards  rock,  650 
snsgs;  from  Manknto  to  Le  Sueur,  distance  30f  miles,  180  cubic  yards  rock,  700  snags; 
from  Le  Sueur  to  Little  Rapids,  distance  43  miles,  120  cubic  yards  rock,  300  snags. 

Yuur  duty  wlil  be  to  designate  what  snags,  (including  in  them  stumps  and  logs, )  and  what 
rocks  must  be  taken  out,  and  the  manner  of  disposing  of  them,  and  to  measure  them  accord- 
ing to  the  manner  pi  escribed  in  the  contra^^t,  and  keep  a  record  in  the  manner  shown  in  the 
accompanying  note  book. 

It  is  not  conteuiplated  to  remove  every  obstruction  in  the  river,  but  to  make  the  money  go 
as  far  as  possible  in  clearing  the  river,  so  as  to  make  it  passable,  doing  that  most  needed 
first.  You  must,  therefore,  decide  how  far  to  carry  on  the  work  at  any  one  point,  according 
to  your  own  judgment  of  the  requirements  of  navigation. 

You  uuist,  at  the  same  time,  as  far  as  possible,  arrange  the  work  so  as  to  be  convenient  to 
the  contractor,  allowing  him  to  remove,  while  at  one  place,  all  that  you  intend  to  have 
removed,  and  also  requiring  him  to  do  this,  if  the  stage  of  water  permits. 

One-third  the  measure  around  a  snag  will  be  a  fair  way  to  get  its  diameter.  The  length, 
breadth,  and  thickness  of  the  boulders  will  be  taken,  from  which  the  whole  contents  will  be 
calculated. 

On  Mr.  Hooper's  statement  of  work  done,  duly  certified  by  you  as  correct,  payments 
according  to  contract  will  be  made  by  me.  Your  field  of  operations  will  extend  from  Little 
Rapids  to  Maukatu. 

Yours,  respectfully, 

G.  K.  WARRKN, 
Brevet  Major  Gen,  V.  S.  Army,  Major  of  Entfineers. 

Captain  Edwin  Bell. 


United  States  Engineer  Office, 

8t.  Paul,  Minnesota,  August  19,  1B67. 

Captain:  Your  compensation  while  in  my  employment  will  be  $125  per  month,  and  your 
expenses.  On  the  river  you  will  be  allowed  a  man,  or  two  men,  as  may  be  necessary,  from 
$30  to  $45  per  month,  if  worth  that  amount. 
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You  will  be  supplied  with  a  skiff  and  tent ;  and  in  procuring  your  nubsiRtence  jou  will  be 
expected  to  confine  ttip  cost  within  75  cents  per  day,  on  the  average,  for  each  of  your  party. 
Yours,  respectfully, 

G.  K.  WARREN, 
Brevet  Major  Oen.  U.  S.  Army^  Mttjor  of  Engineers, 
Captain  Edwin  Bell. 


The  following  are  extracts  from  the  report  of  Captain  (3.  E.  Davis,  C. 
E.,  (dated  September  20,  1867,)  who  had  been  sent  to  make  an  inspec- 
tion of  the  whole  river.  This  report  shows  a  great  increase  of  the 
number  of  snags  over  his  report  of  1866.  This  increase  is  doubtless 
due  to  the  flood  of  1867. 

This  stream  (Blue  Earth  river)  has  been  very  high,  and  about  76  feet  of  the  right  bank 
has  been  washed  away.  The  ferryman  informed  me  that  the  river  was  full  of  snags  and 
trees,  which  were  running  for  four  dayj<,  and  he  estimated  that  about  one  thousand  trees 
went  out  of  all  sizes.  A  considerable  number  of  these  trees  lodged  on  the  gravel  bars  at 
the  mouth  of  the  Blue  Earth,  while  a  much  greater  number  passed  down  the  Minnesota  river. 

The  greater  portion  of  these  trees  came  from  the  Le  Sueur  river  into  the  Blue  Earth, 
and  it  is  estimated  that  about  four  acres  of  heavy  timber,  principally  cottonwood,  elm,  and 
soft  maple,  were  washed  from  that  stream  during  thh  last  season. 

The  Little  Cottonwood  river  was  very  low,  but  it  had  been  high,  and  brought  down 
trees  and  drift.  The  Big  Cottonwood  had  been  very  high,  and  tlie  bri<lg*4  acroH  it  had 
been  carried  away  ;  but  at  present  this  stream  is  very  low.  During  the  high  water  a  con- 
aiderable  number  of  trees  was  brought  down. 

While  on  this  examination,  I  visited  the  snag-boat  at  work  on  the  Minnesota  river,  and 
also  that  portion  of  the  river  for  about  three  miles  below  the  point  at  which  the  party  were 
at  work,  and  I  tind  the  number  of  snags  is  greatly  in  excess  of  the  number  reported  in  the 
result  of  the  examination  made  last  year.  This  is  mostly  owing  to  the  large  number  of 
snag^  brought  into  the  river  during  the  high  water  of  this  year.  The  channel  of  the  Min- 
nesota river,  where  the  hnag-boat  has  been  operating,  has  been  cleared  of  all  obstructions, 
with  the  exception  of  two  snags,  which,  after  a  fair  trial,  it  was  considered  impossible  to 
remove  without  the  assistance  of  greater  power.  Most  of  the  snags  and  tree^  lyin?  on  the 
alope  of  the  bank  of  the  river^  or  near  the  bank,  and  which  were  considered  dangerous  to 
navigation,  have  been  removed,  the  result  of  which  is  a  very  great  improvement  to  the  navi- 
gation of  the  river. 

In  conclusion,  I  would  remark  that  from  the  best  information  I  could  obtain  during  the 
recent  examination,  about  1,500  trees  and  snags  have  been  carried  into  the  Minnesota  river 
by  its  tributarioji,  principally  from  the  Blue  Earth,  which  has  contributed  nearly  if  not  quite 
1,000.  The  Cottonwood  from  200  to  300,  and  the  upper  tributaries,  from  200  to  300.  This 
will,  I  believe,  include  all  that  have  been  washed  from  the  banks  of  the  Minnesota  river,  and 
it  is  my  opinion  that  the  greater  portion  of  these  snags  are  deposited  in  that  portion  of  the 
Mtnnesota  river  between  the  mouth  of  the  Big  Cottonwood  and  the  town  of  St  Peters. 

I  also  made  a  hasty  examination  of  the  channel  of  the  Minnesota  river  from  Mankato  to 
the  mouth  of  Blue  Earth  river,  and  find  that  some  bars  have  formed,  while  others  have 
been  washed  ont  and  that  a  considerable  number  of  trees  and  snags  have  been  deposited  in 
this  portion  of  the  river. 

About  the  first  of  October,  a  second  crane-boat  was  completed.  These 
boats  are  scows,  such  as  are  used  on  the  upper  Mississippi  and  Minne- 
sota rivers  for  boating  wood,  &c.,  with  the  addition  of  strengthening 
timbers  and  a  deck  ;  upon  this  deck  the  crane  is  placed ;  they  are  about  60 
feet  long,  17  feet  wide,  and  draw  eighteen  inches  with  crane,  &c.,  on  them. 

The  contractor,  being  anxious  to  further  operations,  asked  permission 
to  put  on  a  party  to  work  from  the  shore;  his  request  was  granted,  and 
(October  3)  Captain  O.  H.  Maxwell  was  appointed  to  superintend  the 
operations  of  this  party ;  his  instructions  were  the  same  as  given  to 
Captain  Bell.    This  party  worked  from  Belle  Plaine  down  river. 

The  utility  of  the  work  done  by  this  party  proving  questionable,  its 
operations  were  discontinued  by  me  about  the  first  of  November.  Work 
with  the  crane-boats  continued  to  be  prosecuted  under  the  supervision 
of  Captain  Edwin  Bell,  until  stopped  by  the  cold,  November  23, 1867. 
The  river  closed  November  28. 

In  prosecuting  operations  during  the  season  of  1867,  the  work  was 
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frequently  impeded  by  leaning  trees  on  the  banks :  these  trees  were  not 
only  a  present  obstruction  to  navigation,  but  were  liable  to  become  a 
greater  one  by  the  banks  washing  awa^'^  and  letting  them  tall  intother  iver. 
Besides  these,  which  did  not  come  under  the  t<?rms  of  the  contract,  there 
were  in  the  ravines,  and  along  the  banks  of  the  tributaries,  a  large  num- 
ber of  fallen  trees,  which  the  next  high  water  would  bring  into  the  Min- 
nesota, where  they  would  become  snags  of  the  most  troublesome  kind. 

In  view  of  these  facts,  a  party  of  ax-men  were  employed  during  the 
winter  months,  under  the  supervision  of  Captain  Edwin  Bell,  in  remov- 
ing leaning  trees  along  the  banks,  and  such  a«  were  likely  to  be  washed 
in  by  high  water,  from  Mankato  down.  The  result  of  their  operations 
will  be  found  appended  to  this  report. 

Statement  slioicing  the  number  and  size  of  trees  cut  from  the  banks  of  the 
Minnesota  river  and  tributaries  by  party  under  Captain  Edwin  Bell. 
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41 

47 

3 

34 

32 

120 

159 

158 

75 

145 

15 

119 

36 

38 

30 

52 

98 

51 

35 

25 

45 

20 

15 

25 

50 

25 

40 

75 

30 

75 

190 

205 

150 

80 

80 

10 
9 

14 
4 
2 

13 
4 
5 

« 
37 

15 

49 
60 
20 

8 
5 

16 
4 
7 

14 

4 
...... 

.. 

4 

First  beud  below  Mankato 

Serond  fttid  third  h^nd  b^low  Mankato 

Slidine  Bluflf 

Reach  below  Slidine  Bluflf 

Dutchman's  Bend 

Hurricane  Beud 

Reach  below  Hurricane  Bend 

First  beud  below  Hurricane  Bend. ............... 

5 
12 

7 
20 

3 
3 
2 

First  beud  to  Cedar  Bend -. 

JLoufiT  beud    below  Cedar  Bend  ......  ............ 

First  bend  above  Cottonwood  Bar 

Cotton  wood  Bar 

3 

First  beud  above  Youncr's  Bar  ......  ............ 

20 

Youncr's  Bar 

Olesou's  Bend - 

70 
50 
20 
J7 
40 
30 
24 
15 
15 
15 

5 

15 
16 

:i6 

20 
10 
10 
35 
70 
200 
100 
70 

50 

40 

Loner  beud  below  Lime  Kiln 

Lou?  bend  and  reach  below  cut-oflf 

30 
20 
24 
12 
25 
10 
5 
5 
10 
5 
4 
10 
18 
12 
15 
20 
20 
30 
55 
30 
25 

25 

6 

13 

27 

1 

...... 

10 
4 
3 

5 

5 

5 

5 

3 

\^ 

44 

25 

20 

35 

Reach  above  Kasota 

Kasota  Rock  bend 

5 

Whirlpool  Bend 

4 

Bend  above  Kasota  Ferrv - .- 

3 

Kasota  Ferrv - 

Butler's  to  Traverse  de  Sioux .;.... 

Travers  de  Sioux.  Roberts's  warehouse 

1 

Roberts's  Ferrv  beud 

5 

Bend  above  Ottawa 

5 

Beud  below  Ottaw a. -- 

3 

From  bend  below  Ottawa  to  Weise's  I^anding 

From  Weise's  Landing  to  Webbei's  Landing 

From  Webber's  Landing  to  Hunsucker's  Bend 

Hunsucker's  Bend 

2 
5 

Hunsucker's  Bend  to  UoDer  Le  Sueur 

UpDer  Le  Sueur  to  Lasher's  Ferry 

2 

Lasher's  Ferrv  to  Devil's  Elbow 

3 

Devil's  Klbow  to  Horse  Shoe  Bend 

Horse  Shoe  Beud  to  Hisrh  Island  creek 

4 

High  Island  Bend  to  first  bend  below  Keystone 

First  bend  below  Keystone  to  bend  above  McCor- 
mick's 

Total 

2,518 

1,183 

568 

207 

45 
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Statement  of  nuniber  and  size  of  snags  removed  from  channel  of  Minnesota 
river  by  S.  A.  Hooper,  under  contract  awarded  him  July  25,  1867. 


■ 

Diameter  in  inches. 

Locality. 

• 

CO 

o 

o 

•** 

CO 

8 

9 
16 

O 

3 
4 

U 

0 

Dutebmau^s  Bend 

50 
26 

386 

1,2:^ 

9 

48 

443 

161 

123 

107 

124 

72 

84 
5 
9 

33 
7 
8 

15 
8 

Hun  icane  Bend 

2 

Bend  above  Belle  Plaiue 

3 

Lower  Belle  Plaine 

1 

2 
17 

"\ 

1 
1 

50 

"2 

•  w  •    • 

•  •  •   > 

I 

10 

Upper  Belle  Plaine 

Piireon  Bend 

2 

Karris  Bend 

1 

Fttxon  Bend 

1 

Keystone  Bend 

Total 

77 

2,639 

245 

• 

9 

-r- 

Statement  of  number  and  size  of  snags  removed  from  channel  of  the  Min- 
nesota river  this  year,  prior  to  September  1,  by  8.  A.  Hooper. 


Diameter  in  inches. 

Locality. 

• 

CO 

a 

S 

CO 

a 

a 

0 

> 
0 

Bend  below  Lower  Belle  Plaine 

6 

15 

10 

8 

25 

5 

5 

8 

27 

18 

32 

35 

34 

137 

118 

157 

277 

1 

9 
2 
1 

5 

3 

1 

2 

5 

7 

7 

23 

9 

31 

20 

20 

46 

Bend  above  Lower  Belle  Plaine 

1 
1 

1 
1 

*  •  •  • 

1 

•  •  •  • 

2 
2 

1 
1 

•  •  •  • 

•  »  •  * 

3 
3 
.... 

1 

Bend  below  Upper  Belle  Plaine 

Bend  above  Upper  Belle  Plaine 

1 

Bend  above  Roberts's  Creek 

Bend  below  Beaver 

Beaver  Bend 

Bend  above  Beaver 

Bend  below  Faxon 

1 

Faxon  Bend 

4 
3 

4 

7 

17 
13 
15 
30 

Bend  above  Faxon 

2 

Blakely  Bend 

4     4 

5 

McCormick's  Bend 

1 

6 
6 
9 

7 

42 

2 
7 
2 
2 

H 

34 

3 

Slidincr  Bluff  Bend 

5 

Keystone  Bend - 

2 

Hiffh  Island  Creek  Bend 

5 

81idineBluff(No.  2)  Bend 

Total 

93 

917 

191 

25 
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Statement  of  whole  number  of  snafjs  removed  from  Minnesota  river^  If  8. 
A,  Hooper^  up  to  this  date,  f  September  1,  1868,^  and  amount  paid  for 
same. 


170  snagfs 

3, 556  BHHgs 

463  8Da^ 

92  snags 

44  snags 

34  snags 

Boulders 

Amount  paid,  $2*2,430  02,  less  ]Oper  cent,  $20, 187  02 


Diameter  in 
inches. 


4  to  6 

6  to'\JO 

20  to  30 

30  to  36 

36  to  42 

Over  42  in. 

58.13  c.  yds. 


Price. 


$0  75 
4  95 

6  00 

7  50 
n  00 

"4 '90 


Amount 


$127  50 

17,602  20 

2, 616  00 

690  00 

484  00 

625  47 

284  85 

22, 430  02 


Besides  this  amount  paid  to  Mr.  Hooper,  the  contractor,  there  has 
been  expended  under  direction  of  Captain  E.  Bell,  my  assistant  and 
inspector,  for  cutting  down  impending  trees  and  for  the  expense  of  bis 
own  party,  in  superxising  the  work,  and  for  further  examinations  and 
drawings  under  my  other  assistant  on  this  work,  altogether,  $5,859  13; 
so  that  there  remained  unexpended,  September  1,  only  $9,210  ^  of  the 
original  appropriation  of  $37,500. 

The  amount  left  will  all  be  expended  with  favorable  weather  this 
season ;  and  it  is  believed  will  nearly  clear  the  river  as  far  up  as  Mankato. 
The  number  of  snags  to  be  removed  proves  to  be  more  than  double  the 
first  estimate.  An  additional  appropriation  of  $20,000  is  asked  for  to 
carry  on  the  removal  of  snags  above  Mankato. 

An  appropriation,  too,  is  solicited  to  enable  us  to  make  a  practical 
passage  at  the  Little  Falls ;  $30,000  is  deemed  ample  for  this  purpose, 
and  it  will  then  make  fully  available  all  that  ha«  been  done  above  it. 
This  estimate  was  in  our  first  estimates,  but  not  acted  upon. 

Captain  Edwin  Bell,  who  has  personally  supervised  this  work,  has 
acted  with  great  steadfastness  and  zeal.  He  has  not  esca|)ed  the  charge 
of  having  been  too  exacting,  but  he  has  only  carried  out  my  instructions; 
and  whatever  there  has  been  wrong  in  them  is  my  fault.  Mr.  Hooper, 
the  contractor,  too,  though  claiming  he  had  not  a  fair  interpretation  of 
his  contract,  has  earnestly  carried  on  his  work. 

For  myself,  I  hope  to  be  relieved  hereafter  from  conducting  such  work 
by  contract,  because  too  much  has  to  be  given  to  my  discretion,  and 
while  I  am  protecting  fully  tlie  interests  of  the  public,  I  may  be  too 
exacting  upon  the  contractor,  notwithstiinding  I  have  but  the  single 
desire  to  do  what  is  just  to  all  parties. 


Chapter  VI. 

Detailed  estimates  for  the  improvement  of  the  Wisconsin  river  and  Fox 

river  line. 

These  estimates  have  been  prepared  by  Captain  D.  W.  Wellman  and 
his  assistants,  under  my  direction,  and  are  as  perfectly  expressive  of  my 
view  s  as  if  made  solely  by  me.  I  have  therefore  made  his  report,  on  the 
estimates  a  part  of  this  chapter. 

We  do  not  think  the  navigation  of  these  upper  rivers  "for  commercial 
purposes"  will  require  a  greater  draught  through  the  canal  than  four  feet, 
and  have  based  our  recommendations  accordingly.    An  estimate  is  made 
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for  a  canal  of  five  feet  draught,  wirich  will  cost  about  $397,500  more  than 
the  one  of  four  feet  draught.  An  addition  of  $500,000  would  make  a  canal 
of  six  feet  draught,  if  for  any  "  naval  purposes"  it  might  be  deemed  desira- 
ble to  make  it.  It  is  practicable  to  make  here  a  canal  of  any  size,  the 
supply  of  water  being  ample  and  all  excavations  in  sand.  In  order  to 
make  the  estimates  for  the  route  complete  from  the  Mississippi  to  Green 
ba3',  I  append  hei-e  the  estimates  made  in  1866  by  Major  Suter  for  the 
route  along  the  Upper  and  Lower  Fox  rivers.  At  the  end  of  this  chap- 
ter, too,  I  have  given  a  map  and  profile,  which  Is  a  revision  of  the  one 
rendered  with  our  first  report.    (H.  Ex.  Doc.  No.  58, 2d  sess.  39th  Cong.) 

Major  Suter  reports  the  condition  of  the  improvements  on  the  upper  and  lower  Fox  rivers 
as  needing  considerable  repairs,  in  order  to  secure  the  full  benefits  of  them  on  their  present 
scale  of  fonr  feet  draught,  and  locks  ](>0  feet  by  35  feet,  and  presents  an  estimate  of  the 
required  amount.  He  estimates,  also,  the  additional  expense  to  obtain  six  feet  draught, 
with  locks  2;^  feet  bj  35  feet.     His  estimates  are  as  follows,  and  meet  my  approval : 

FOR  LOWER  FOX  RIVER. 


Place. 


Menasha 

Appleton 

Cedar 

Little  Chute 

Grand  Kaukauna 
Rapide  Croche  . . 
Little  Kaukauna 
Depere 

Total 


For  four  feet 
draught. 


$13,270  00 

18,870  00 
3,930  00 
7, 530  00 

22, 800  00 
4,000  00 
3,000  00 

45,000  00 


118,400  00 


For  six  feet 
draught. 


$54,200  00 
74,870  00 
23, 450  00 
77,200  00 

111,670  00 
41,000  00 
27,730  00 
83,  300  00 


493,420  00 


FOR  UPPER  FOX  RIVER. 


Location. 


1st  level 

2d  level 

3d  level 

4th  level 

5th  level 

6th  level 

7th  level 

Total 


For  four  feet 
draught. 


$9,400  00 
71,673  00 
67,400  00 
92, 856  00 
40,000  00 
4, 693  00 
40,000  00 


326, 022  00 


For  six  feet 
draught. 


$31,400  00 

151,873  00 

114,888  00 

217, 363  40 

85-,  466  00 

50,505  00 

80, 600  00 


735, 095  40 


The  Improvement  Company  allowed  us  to  take  copies  of  the  maps  and  plans  of  their  works 
to  aid  us  in  making  the  above  estimates. 


Report  of  Captain  D.  W.  Wellman,  (fiving  estimates  for  the  improvement 

of  the  Wisconsin  river. 

United  States  Engineer  Office, 

Saint  Paul,  Minn.,  September  5,  1868. 

General  :  In  compliance  with  verbal  directions  from  yon,  received 
on  the  20th  ultimo,  I  have  the  honor  to  submit  herewith  the  lesnlt  of 
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my  investigations  as  to  cost  of  improving  the  Wisconsin  river  from  Port- 
age City  to  the  mouth,  so  as  to  render  it  navigable  for  steamboats  draw- 
ing from  three  to  five  feet  of  wat^r. 

The  data  for  the  estimates  have  been  taken  from  the  maps  and  notes 
of  the  survey  of  the  Wisconsin  river  made  last  year  imder  Brevet  Major 
C.  R.  Sut^r,  United  States  army,  for  whom  I  acted  as  principal  dist- 
ant, and  from  my  own  personal  observations  made  at  the  same  time.  I 
have  eMimated : 

1.  For  improvement  of  the  natural  channel  of  the  river,  for  three  feet 
navigation,  by  means  of  a  series  of  wing  dams  and  use  of  Long's  scrs^r. 

2.  For  four  feet  navigation,  by  use  of  natural  channel,  old  beds,  and 
side  canals  built  around  shallow  portions  of  the  river. 

3.  For  a  canal  with  five  feet  navigation ;  the  canal  to  be  built  along 
the  river  banks,  changing  from  side  to  side  of  the  river  to  keep  on  mo^ 
advantageous  ground,  selecting  convenient  places  in  the  river  for  cross- 
ings 

1  have  made  no  estimate  for  slack- water  navigation  in  the  river  itself, 
by  means  of  locks  and  dams,  for  the  reason  that  the  river  flows  the 
entire  distance  through  bottom  lands  of  alluvion,  and  over  beds  of  mova- 
ble sand,  and  it  is  a  matter  of  much  doubt  ^whether  or  not  dams  in  such 
a  stream  could  be  made  permanent  at  any  practicable  expense.  This, 
added  to  the  fact  that  the  slope  of  the  stream  is  so  great  (about  one  foot 
five  inches  to  the  mile)  that  dams  would  be  required  every  four  or  five 
miles,  seems  to  settle  the  question  at  once  against  this  method  of 
improvement. 

The  estimates  have  been  prepared  with  as  much  care  as  the  time  would 
permit,  and  are  believed  to  be  as  nearly  reliable  as  can  be  made  without 
an  extended  survey  for  that  purpose  of  all  the  difterent  localities. 

Of  the  first  plan  I  would  say  that  I  consider  it  entirely  practicable^ 
and  that  the  cost  cannot  exceed  the  estimate  here  made.  I  do  not,  how- 
ever, think  that  over  three  feet  in  low  water  can  be  calculated  on  by 
this  plan.  The  commerce  must  be  carried  on  by  means  of  small  tugs 
and  barges ;  the  channel  will  be  crooked  and  the  current  rapid,  and  there 
will  at  times  necessarily  be  considerable  delay  to  boats  for  want  of  the 
requisite  scraping  in  various  places ;  and  it  may  be  a  question,  after  all, 
whether  a  navigation  of  this  sort  will  meet  the  requirements  of  the  coun- 
try through  which  it  passes,  and  of  the  vast  region  west  of  it,  and  from 
which  a  large  share  of  its  business  will  necessarily  be  derived. 

These  difficulties  will  be  in  a  measure  obviated  by  the  adoption  of  the 
second,  and  entirely  so  by  the  adoption  of  the  third  plan  here  submitted, 
thus  securing  at  lowest  water  a  navigation  of  four  or  five  feet,  sufficient, 
probably,  for  any  boats  likely  to  run  on  the  upper  Mississippi  for  many 
years  to  come. 

The  objection  to  the  second  plan  is,  the  greater  number  of  locks  to  tend 
and  keep  in  repair,  and  the  liability  of  the  portions  of  the  river  used  for 
navigation  to  change  during  floods  so  as  to  necessitate  the  expenditure  of 
large  sums  of  money  in  dredging  and  other  works,  in  order  to  maintain 
in  its  place  a  deep  river  channel. 

For  my  own  part,  from  the  information  we  now  have,  the  third  plan, 
of  a  canal  the  entire  distance,  modified  for  navigation  by  steamboats  of 
four  feet  draught,  seems  to  be  preferable  to  any  of  the  others,  for  several 
reasons : 

1.  Its  cheapness  as  compared  with  canals  generally.  Though  the  esti- 
mates may  appear  small,  it  must  be  borne  in  mind  that  nearly  all  the 
w  ork  is  excavation^  and  that  in  sand  and  loam,  and  that  with  proper 
machinerj^it  may  be  done  at  a  very  small,  cost. 
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2.  The  small  comparative  cost  of  maintenance  when  once  completed. 
The  canal  embankment,  as  estimated  for,  will  be  entirely  above  high- 
water  mark  in  the  river,  and  consequently  never  liable  to  damage  by 
floods  ;  also,  the  design  is  to  so  locate  it  that  it  will  be  on  the  opposite 
side  of  the  river  from  the  mouths  of  all  the  principal  afduents,  so  that 
the  guard  locks  alone  will  always  regulate  the  quantity  of  water  in  the 
canal,  and  consequently  the  pressure  ui>on  the  same  5  and,  besides,  the 
large  surplus  of  excavation  which  will  be  wasted  on  each  side  will  so 
increase  the  stability  of  the  embankments  that  the  danger  of  breaks 
from  any  source  need  scarcely  be  apprehended. 

Again,  there  need  be  no  estimate  made  for  expense  of  feedevH.  The 
Wisconsin  river,  as  shown  in  the  estimates,  will  constitute  a  natural 
feeder  with  an  almost  unlimited  supply  of  water.  The  daily  discharge 
of  water  in  the  Wisconsin  at  Portage  City  in  times  of  extreme  low  water 
has  been  determined  by  a  series  of  careful  observations  to  be  more  than 
259,000,000  cubic  feet ;  not  less  than  3,000  cubic  feet  per  second.  The 
total  daily  supply  of  water  for  the  Erie  canal  of  Pennsjivania,  enlarged 
with  a  prism  greater  in  area  than  the  one  here  proposed,  is  less  than 
20,000,000  cubic  feet — about  231  cubic  feet  per  second — not  one-twelfth 
of  the  amount  available  in  the  Wisconsin,  and  yet  it  is  estimated  that 
the  Erie  canal,  just  alluded  to,  which  is  13(5J  miles  in  length,  and  has  a 
lockage  of  926  feet,  has  sufficient  water  to  pass  through  the  locks  144 
boats  per  day,  or  to  carry  during  the  boating  season  5,400,000  tons  of 
freight. 

The  flow  of  water  in  the  Wisconsin  is  so  regulated  by  its  passage 
through  the  Dalles — a  gorge  in  the  rock  about  23  miles  above  Portage, 
which  reduces  the  width  of  the  river  in  one  place  to  54  feet^ — that  the 
extreme  of  fluctuation  from  low  to  high  water  below  the  Dalles  does  not 
exceed  10  feet,  and  arrangements  could  easily  be  made,  besides  supply- 
ing the  proposed  canal  with  water,  for  turning  any  desired  quantity  at 
any  time  into  the  Portage  canal  and  Fox  river. 

From  what  is  here  shown,  it  appears  evident  that  this  proposed  canal, 
in  connection  with  the  "  Fox  river  improvement,''  will  afford  a  thoroughly 
reliable  water  communication  from  the  Mississipi)i  to  Lake  Michigan, 
capable  of  transporting  millions  of  tons  annually,  at  comparatively 
small  cost.  It  will  be  seen,  also,  that  aside  from  the  item  of  expense^  this 
route  will  afford  facilities  for  the  transportation  especially  of  heavy 
freights,  unequaled  by  any  existing  or  proposed  route.  North  of  the  Rock 
Island  rapids,  in  the  Mis8issii)pi  river,  the  boats  to  be  used  should  be 
of  a  class  that  can  be  loaded  at  any  elevator  on  the  Mississippi,  or  its 
navigable  tributaries,  below  the  Falls  of  St.  Anthony,  and  go  through 
the  lake  without  breaking  bulk. 

A  comparison  of  tariff's  by  various  lines  of  transportation  shows  that 
freights  can  be  carried  by  such  a  line  as  is  here  proposed,  for  about  one- 
fourth  of  what  they  can  by  railroad.  This  fact  alone,  when  the  immense 
and  continually  increasing  amount  of  grain  annually  shipped  to  the  east, 
from  west  of  the  Mississippi,  is  taken  into  consideration,  seems  to  de- 
monstrate the  necessity  of  its  immediate  construction. 

23  w— Part  II 
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Summary  of  estimate  for  improvement  of  the  Wi^eonsin  river  from  Portage 

City  to  the  mouth. 

First.  For  its  imi)rovement,  by  means  of  a  series  of  wing-dams,  &c.. 
and  use  of  Long's  scrapers,  so  as  to  make  it  navigable  for  boats  dmwuig 
three  feet  of  water : 

Sixty-five  wing-dams,  as  per  detailed  estimate $213, 907  50 

Add  for  additional  dams,  the  necessity  of  which  will  proba- 
bly appear  hereafter,  50  jjer  cent 106, 953  75 

Eipraj)  on  heads  of  islands  and  in  bends  of  river,  as  per 

estimate 50, 000  00 

For  cutting  overhanging  timber 3, 000  00 

For  operating  scrai)er  and  snag-boat  one  year,  say 15, 000  00 

388,  801  25 
Add  contingencies  for  engineering,  10  per  cent 38, 880  12 

Total 427,  747  37 

In  addition  to  this  estimate  there  will  be  the  annual  expenses 

for  repairs  of  dams,  say $10, 000  00 

And  for  operating  at  least  one  scraper  boat 15, 000  00 

Total 25, 000  00 

Second.  For  improvement,  by  use  of  natural  channel  in  connection 
-with  side  canals — 70  feet  wide  on  the  bottom  and  80  feet  wide  at  water 
surface,  with  sides  of  cuts  paved — of  sufficient  depth  for  steamboats 
drawing  four  feet  of  water: 

4,132,725  cubic  vards  excavation,  (all  sand,)  at  10  cents 

per  yard. ../. $413, 272  50 

391,095  cubic  yards  embankment,  (all  sand,)  at  40  cent-s 

per  yard 15G,  438  00 

^639,029  cubic  yards  embankment,  (in  river,)  at  $1  per 

yard ! 639, 029  00 

44,490  cubic  yards  riprap  on  embankment,  at  $2  50  per 

yard  Ill, 225  00 

Paving  sides  of  channel,  so  as  to  use  steamboats,  67  miles, 

at  $7,000  per  mile 469, 000  00 

Eiprap  at  16  guaid-locks,  400  cubic  yards  each,  at  $2  50 

per  yard 16, 000  00 

Thirty-eight  composite  locks,  at  $25,000  each 950, 000  00 

10,000  feet  of  wing-dam,  at  $7  13  per  foot 71, 300  00 

Sixty  miles  grubbing  and  clearing,  at  $400  per  mile. ...  24, 000  00 

Three  railroad  crossings,  (draw-bridges,)  at  $10,000  each.  30, 000  00 

Ten  road  crossings,  at  $2,000  each 20, 000  00 

Operating  dredge  and  snag-boat  one  year 15, 000  00 

2,  915, 264  50 
Add  for  land  damages,  contingencies,  and  engineering,  10 

per  cent 291, 526  45 

Total 3, 206,  700  95 
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To  the  above  is  to  be  added,  for  maintaining  navigation — the  expense 
^/ock  and  bridge  tenders  and  of  keeping  in  repair  and  oi)erating  prob- 
(vtATo  dredge-boats,  to  prevent  the  accnmnhition  of  sand  aronnd  the 
ard  locks  and  for  dredging  in  the  canals  themselves — say  $50,000  per 
aum. 
n  case  of  improvement  of  this  river  there  will  be — 

Miles. 

navigation  in  excavated  canal (57 

navigation  in  river 27 

aavigation  in  old  beds  and  other  natural  channels 24 

Total  distance 118 

Jtal  anionnt  of  fall  to  be  overcome  by  locks  by  this  plan,  138  feet. 
kird.  For  improvement  by  means  of  a  canal — 70  feet  wide  on  the  bottom 
81>  feet  \vide  at  water  surface,  sides  paved  for  using  steamboats — 
t  along  the  valley,  alternating  from  one  side  of  the  river  to  the  other 
ircuinstances  demand,  in  order  to  avoid  perpendicular  bluffs  or  large 
»nis,  and  using  the  natural  bed  of  the  river  for  crossings,  designed 
rteamboats  drawing  five  feet  of  water: 

^2,000  cubic  yards  excavation,  (sand  and  loam,)  at 

» cents  per  yartl $1,269,200  00 

(KK»cubicyardsembankment,(inriver,)at81per  yard.         640,000  00 
ing  sides  of  canal,  90  miles,  at  $7,000  per  mile 630,000  00 

00  cubic  yards  riprap  on  embankment,  at  $250  per 

ird 125,000  00 

Pap  for  10  guard  locks,  500  cubic  yards  each,  at  $2  50 

^r  vard \ 12,500  00 

titv-two  lift  locks,  at  830,000  each 660,000  00 

guard  locks,  at  $25,000  each 250,000  00 

miles  grubbing  and  clearing,  at  $100  per  mile 40,000  00 

*e  railroad  crossings,  at  $  1 0,000  each 30,000  00 

?nteen  road  crossings,  at  $2,000  each 34,000  00 

IKI  feet  of  wing-dam,  at  $8  per  foot 80,000  00 

rating  dredge-boat  one  year 15,000  00 

3,785,700  00 
L  f>r  land  damages,  contingencies,  and  engineering, 

1  per  cent 378,570  00 

Total 4,164,270  00 

►  this,  as  in  the  second  plan,  must  hd  added  for  maintaining  ^aviga- 
,  the  annual  expense  of  lock  and  bridge  tenders,  for  dredging,  and 
irs,  say  $60,000. 

le  loi'ks  in  this,  as  well  as  in  the  second  estimate,  are  designed  to  be 
same  size  as  those  already  in  use  on  the  Fox  river — 160  feet  in  length 
35  feet  in  width,  and  to  have  a  lift  as  near  as  practicable  of  8  feet 
.  This  lift  in  some  cases  will  probably  have  to  be  varied  somewhat, 
nding  upon  the  length  of  the  section  between  river  crossings. 
le  total  fall  to  be  overcome  by  locks  by  the  last  proposed  plan  will 
\>ont  175  feet. 

e  guard  locks  should  be  constructed  so  as  to  be  used  as  lift  locks  in 
i  of  high  water  in  the  river. 

the  river  itself  at  each  of  the  crossings  will  constitute  a  feeder,  the 
[y  of  water  will  be  abundant  and  constant,  and  no  allowance  need 
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be  made  for  leakage.  Indeed,  the  size  of  the  canal  may  be  increased  to 
almost  any  required  capacitj^,  with  the  certainty  that  there  never  will 
be  any  lack  of  water. 

By  constricting  a  canal  on  the  third  plan  for  four  feet  navigation,  the 
estimate  would  be  reduced,  nearly  a«  follows : 

For  excavation $162,500  00 

For  paving 125,000  00 

For  locks 110,000  00 

Total  reduction  of  expense 397,500  00 


Should  the  first  proposed  plan  be  adopted,  and  the  whole  of  the  neces- 
sary means  be  made  available  by  the  1st  of  March,  1869,  the  entire  im- 
provement might  be  completed  by  September,  1870,  or  so  nearly  so  that 
through  navigation  on  the  route  could  commence  by  the  time  the  grain 
crop  of  that  year  was  ready  for  market. 

In  case  the  second  or  third  plan  should  be  adopted,  the  most  econom- 
ical expenditure  of  the  money  will  be  by  being  able  to  commence  work 
simultaneously  along  the  whole  line,  and  to  cari-y  it  on  without  interrap- 
tion  to  its  completion. 

To  do  this,  at  least  one-half  the  estimated  cost  (say  $1,603,000  for  the 
second,  or  $2,082,000  for  the  third)  should  be  appropriated  to  commence 
with.  If  this  amount  could  be  had  by  the  1st  of  March  or  April,  1869, 
the  balance  should  be  available  by  the  1st  of  August,  1870,  and  the  canal 
might  be  ready  for  use  by  the  autumn  of  the  following  year. 
Very  resi>ectfully,  your  obedient  servant, 

D.  W.  WELLMAlf, 
C.  E.  in  clmrge  Wiscormn  River ^  Inspector. 

Brevet  Major  General  G.  K.  Warren. 

[Here,  in  the  original,  belongs  the  map  and  section  of  Wisconsin 
and  Fox  river,  showing  improvement  for  connecting  the  Mississippi  river 
and  Green  bay,  prepared  to  accompany  the  report  of  Brevet  Major  Gen- 
eral G.  K.  Warren,  major  of  engineers.] 


Chapter  VI  L 

Table  of  ports  of  entry,  collection  distrwts,  and  amounts  collected,  during 

the  last  fiscal  year. 

The  following  table  contains  the  names  of  the  different  rivers,  the  col- 
lection districts  in  which  they  are  situated,  the  nearest  port  of  entry, 
and  the  amount  of  revenue  collected  during  the  last  fiscal  year. 

I  give  them  as  required  by  my  instructions,  but  not  as  an  indication 
of  the  value  of  the  commerce  benefited  by  the  improvements  proposed. 


Work. 

Collection  district. 

Nearest  post  of  entry. 

Rev.  collected. 

Minnesota  river  ......... 

Minnesota 

Saint  Paul } 

MississiDDi  river. ........ 

Minnesota 

Saint  Paul > 

Galena,  Illinois 

Galena,  Illinois 

Dubuque,  Iowa 

$12, 406  33 

Wisconsin  river  ....... .. 

Galena 

MississiDDi river. ...... .. 

Galena 

MississiDoi  river. ...... . . 

Dubuque  ....- 
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Hie  c5omparatively  small  amount  of  revenue  collected  at  St.  Paul  this 
ar  is  owing  to  the  fact  that  the  railroad  iron  used  here  this  year  paid 
tties  at  other  ports,  which  was  not  the  case  in  18G6. 


Chapter  VIII. 

presentation  of  the  public  importance  of  these  river  improvenietits,  as 
required  by  the  joint  resolution  of  Congress  approved  July  27,  1868, 
with  map. 

The  joint  resolution  of  Congress  approved  July  27,  1868,  requiring 
jafull  statement  of  all  the  facts  tending  to  show  to  what  extent  the 
eral  commerce  of  the  country  will  be  promoted  by  the  several  works 
improvement,''  I  venture  the  following  general  consideration  relat- 
to  the  subject-  I  have  kept  in  view  mainly  the  moving  of  the  wheat 
,  but  it  is  safe  to  say  that  in  no  case  is  the  benefit  of  improved  navi- 
on  which  this  shows  more  than  one-half  of  what  would  result  fi'om 
sportation  of  all  kinds  of  products  combined, 
e  region  of  the  upper  Mississippi  is  pre-eminently  adapted  to  the 
action  of  wheat,  and  the  low  price  at  which  land  can  now  be  pur- 
,  and  the  ease  with  which  it  can  be  tilled,  make  wheat-growing 
of  the  most  profitable  of  pursuits.  The  present  year,  where  farms 
large,  say  2,000  acres,  well  conducted  and  situated  convenient  to 
er  transportation,  the  average  yield  was  20  bushels  to  the  acre,  sold 
about  $1  50  per  bushel,  realizing  $30  to  an  acre,  at  a  cost  of  produc- 
of  about  $10,  lea\ing  a  clear  profit  of  $20  per  acre.  Such  a  farm 
nld  then  make  a  clear  profit  of  $40,000.  This  would  be  sufficient  to 
e  up  another  equally  large  piece  of  land,  break  it,  stock  it,  and  fence 
thus  showing  a  profit  of  100  per  centum  a  year  on  the  original  invest- 
t. 
lUnder  such  stimulus  as  this  affords,  it  is  easy  to  see  how  rapid  must 
the  expansion  of  the  area  of  land  cultivated  for  producing  wheat. 
ItLs  estimated  that  there  are  now  2,000,000  acres  of  land  under  culti- 
'tion  in  Minnesota,  and  that  of  wheat  alone  there  is  this  year  a  pro- 
t  of  20,000,000  bushels.  It  is  also  estimated  that  this  is  only  about 
?r  cent,  of  the  capacity  of  the  State  when  it  shall  all  come  under  cul- 
ation.  If  so,  the  future  crop  may  reach  400,000,000  bushels  iu  this 
te  alone,  amounting  to  12,000,000  tons ;  of  this  two-thirds  would  not 
needed  by  the  population  of  the  State,  so  that  there  would  be  of  this 
cle  alone  8,(KK),000  tons  for  transportation. 
W.t  the  present  time  it  is  estimated  that  in  the  States  of  Wisconsin, 
lnois,  Iowa,  and  Minnesota  there  is  70,000,000  bushels  of  wheat  for 
tasjiortation  eastward,  within  the  limits  of  the  Mississippi  valley  trib- 
Iry  to  the  water  lines  of  transportation,  the  improvement  of  which  is 
der  m3"  charge,  (viz:  the  Mississippi  and  tributaries  above  Rock 
and  Rajjids,)  and  one-half  of  which  would,  were  the  Wisconsin  and 
X  river  line  as  good  now  as  it  is  susceptible  of  being  made,  pass  over 
tt  line  in  preference  to  any  other;  that  is,  about  35,000,000  bush- 
or  1,050,000  tons.  The  present  charges  for  transporting  this  from 
Mississippi  river  to  Lake  Michigan,  by  railroad,  is  about  $5  i>er  ton, 
ting  the  cost  of  moving  this  half  of  the  crop  from  the  Mississippi  to 
lakes,  not  including  river  transportation,  $5,250,000.  It  is  believed 
t  the  railroad  transportation  would  be  i)rofitable  at  $3  30  per  ton. 
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We  have  arrived  at  this  by  allowing  two  cents  per  ton  per  mile,  and 
averaging  the  length  of  the  following  roads : 

Miles. 

Fulton  and  Chicago 136 

Racine  and  Savanna 142 

Dunleith  and  Chicago 189 

Prairie  du  Chien  and  Milwaukee 194 

La  Crosse  and  Milwaukee 195 

Hndson  and  Bayfield 150 

St.  Paul  and  Superior 150 

The  competition  of  an  independent  canal  and  river  line  would  then 
bring  the  railroads  down  at  least  to  this  price,  and  make  the  price  of 
moving  half  of  this  year's  crop  $3,075,000,  thus  effecting  a  saving  to  the 
producers  and  consumers  of  $1,785,000. 

If  the  red  line,  as  it  is  called,  from  New  York  to  Chicago  should  effect 
an  extension  to  the  Mississippi,  and  carry  freights  at  the  rates  they  now 
do,  which  is  about  1^^  per  tim  per  mik>,  it  would  not  reduce  the  price 
in  Minnesota,  for  connections  can  only  be  made  by  way  of  Chicago,  and 
the  increase  of  distance  would  make,  at  even  these  low  rates,  a  liigher 
average  cost  of  reaching  the  lake  from  the  Mississippi.  Even  those 
points  on  the  Mississippi  nearest  Chicago,  like  Rock  Island,  Savanna, 
and  Dunleith,  would,  by  the  red  line,  lose  all  the  benefits  to  be  derived 
from  the  water  transportation  from  Lake  Michigan  east,  since  the  grain, 
once  in  these  cars,  would  have  to  go  on  them  all  the  way  to  the  seaboard 
at  the  same  rates. 

We  believe  it  safe  to  say  that  a  good  line  of  water  transi>ortation 
from  the  Mississippi  to  Green  Bay  can  be  built  so  as  to  profitably  tians- 
port  wheat  at  one-half  cent  per  ton  i)er  mile.  The  line  would  be  280  miles 
long,  and  this  would  make  the  cost  $1  40  per  ton,  a  saving  of  $1  90  per 
ton  over  the  cheapest  practicable  railroad  transportation.  This,  in  the 
present  wheat  crop,  would  save  over  what  the  railroads  charge  $3  CO 
per  ton,  making  a  saving  of  $3,780,000 ;  or,  allowing  the  railroads  to 
carry  as  cheap  as  possible  for  them  to  do,  the  canal  would  carry  $1  90 
per  ton  cheaper,  which  would  save  on  this  year's  crop  $1,995,000. 

It  nuist  be  kept  in  view  that  in  these  last  figures  we  have  supi>osed 
one-half  the  crop  to  go  by  railroad,  and  down  the  Mississippi  below  the 
rapids,  and  we  have  not  taken  into  account  the  benefits  of  the  trade 
from  Lake  Michigan  to  the  Mississippi,  which  will  be  quite  as  great  an 
addition.  Nor  have  we  more  than  stated  the  great  future  productions 
of  the  single  State  of  Minnesota.  It  is  probable  that  the  development 
will  be  so  rapid  in  all  this  wheat-growing  region  that  all  thepre^^entaud 
proposed  railroads,  as  well  as  the  canals  and  rivers,  will  be  wanted  as  fast 
as  they  can  be  built.  The  stimulus  to  a  full  development  of  the  agricul- 
tural resources  which  a  return  of  100  per  cent,  per  annum  gives  could 
not  of  course  be  felt  to  that  extent  but  in  favored  localities  for  i)resent 
transportation. 

But  where  transportation  is  deficient  it  is  felt  mainly  in  keeping  back 
the  prices  of  lands,  so  that  the  profits  on  investment  at  points  where  the 
wheat  on  the  gi'ound  brings  $1  per  bushel  now  is  not  greatl3'  behind 
that  where  the  price  is  $1  50.  The  present  profits  of  the  crop  to  the 
farmer,  paying  all  that  he  does  in  the  way  of  trauvsportation,  are  very 
great,  so  that  increasing  the  production  by  every  stimulus  of  easy 
culture  and  cheap  transportation  to  market  will  increavse  the  quantity 
raised,  so  as  to  lower  the  price  at  the  points  consumed  to  certninly  one- 
third  below  what  it  is,  and  thus  be  a  benefit  of  many  millions  of  dollars 
annually  to  the  consumers  in  the  eastern  States.    Perhaps  the  foregoing 
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Ugh  to  insure  full  and  tliorougli  consideration  of  the  plans  and  esti- 

I  have  submitted  for  improving  the  Wisconsin  river, 
ive  now  illustrated  the  benefit  of  opening  the  Wisconsin  line  of 
anieation  independent  of  the  other  river  transportation.  But  it  is 
?nt  that  all  the  other  water  lines  connected  with  it  must  also  con- 
e  to  the  same  end  in  proportion  to  their  capacity.  As  a  whole, 
iprovements  of  river  transportation  and  handling  can  be  reduced 
rhat  they  now  are  quite  as  much  as  what  I  have  shown  on  the  rail- 
;  for  wheat  to-day  is  selling  at  $1  64  in  Milwaukee  and  for  but 

in  St.  Paul,  a  difference  of  29  cents  per  bushel,  only  15  cents  of 

I  have  given  to  the  railroads.  The  upi)er  Mississippi  river  to  the 
it  head  of  navigation  is,  still  more  important,  as  the  gieat  trunk 
om  which  the  transportation  from  this  region  diverges  up  the  Wis- 
i  river  and  down  the  lower  Mississippi  river,  and  into  which  it  Hows 
he  w  hole  valley.  Fortunately  natiue  has  done  so  much  for  it  that 
tratively  little  is  needed  except  at  Rock  Island  and  Keokuk  rapids, 
heir  improvement,  I  will  add,  though  not  under  my  charge,  is 
i  to  none  in  national  importance.  I  have  repeated  my  former 
ites  for  improving  the  Mississippi  from  Fort  Snelling  to  the  Rock 
I  rapids.    Tlie  improvement  of  the  navigable  branches  of  the 

Mis-sissippi  is  of  public,  importance  in  i>roportion  as  they  contrib- 
\  the  transportation  of  the  great  products  of  the  country  ami  the 
§  necessary  to  their  development.  Thus  the  great  lumber  i)roduc- 
)f  Wisconsin  and  Minnesota  is  an  essential  recpiirement  of  the 
erity  of  Iowa,  Illinois,  and  Nebraska,  and  the  streams  down  which 

supplies  come,  the  Wisconsin,  Black,  Chippeway,  St.  Croix,  and 
ssippi  above  the  Falls  of  St.  Anthony,  all  hold  a  place  in  providing 
e  public  wants  of  the  Mississippi  valley.  On  all  of  these  the  gov- 
mt  is,  besides,  largely  interested  as  a  landholder.  I  have,  there- 
renewed  my  estimate  of  last  year  for  the  imi)rovement  of  the  Cliip- 
r  and  St.  Croix  rivers,  and  for  a  survey  of  each  of  them  and  of  the 
s.sil»I)i  above  the  Falls  of  St.  Anthony — the  latter  with  a  view  of 
fniuing  the  cost  of  dam  and  Jock  navigation  to  its  utmost  practica- 
oit  and  connecting  it  with  Lake  Superior.  The  only  river  which  it 
ns  for  me  to  speak  of  here  is  the  Minnesota.  The  wheat  raised  in 
alley  tliis  year  for  transportation,  from  the  best  information  I  have, 
ut  2,000,000  bushels.  Allowing  luilf  of  this  to  be  brought  out  by 
ilroad,  and  to  cost;  on  an  average,  12  cents  a  bushel  for  transport- 
to  the  Mississipi)i,  it  will  amount  to  $120,000.  The  other  half  will 
[)r  river  transportation,  and  if  we  can  get  it  out  for  three  cents  a 
I,  it  wUi  cost  but  $30,000  to  do  it,  and  save  $90,000,  by  the  river 
•ortation,  to  the  producers  and  consumers.  The  construction  of 
neans  of  passing  the  little  rapids  would  enable  much  more  of  this 
to  come  out  by  the  river,  an  advantage  difficult  to  measure  for  a 

vear,  but  on  the  average  worth  annually  the  cost  of  making  it, 
,000. 

in  the  Minnesota  valley  that  one  of  the  greatest  fields  for  the 
ion  of  wheat-growing  is  to  be  found,  and  in  a  few  years  must  be 
inie^s  more  than  at  present.  The  money  already  appropriated  will 
ftice  to  remove  the  snags  and  boulders  further  up  than  Mankato, 
I  additional  appropriation  of  $20,000  is  asked  for  to  complete  this 

0  the  mouth  of  the  Yellow  Medicine. 

•e  in  the  original  comes  in  map  prepared  to  accompany  the  report 
Iv.  Warren,  major  of  engineers,  <S:c.,  showing  the  relations  of  the 

1  lines  of  tninsportation  under  his  charge  to  other  lines.     CauaL 
n  blue ;  railroad  lines  in  red.] 


360  REPORT  OF  THE  SECRETARY  OF  WAR. 


Chapter  IX. 

A  summary  of  the  estimates  of  funds  required  for  the  fiscal  year  ending 

June  30,  1870. 

FOR      SURVEYS     AND     REPORTS      PREVIOUSLY      ESTIMATED     FOR,    IN 

PROGRESS. 

1.  Completing  maps  and  drawings  and  report  on  bridging 
tbe  Mississippi  river  between  8t.  Louis,  Missouri,  and  St. 

Paul,  Minnesota $2, 500  00 

2.  Surveys  on  the  Mississippi  river  from  Winona  to  Dubuque  30, 000  00 

3.  Surveys   on  tbe  Mississippi  river  above  tbe  Falls  of  St. 
Anthony 10, 000  00 

4.  Siuvej^s  on  the  Chippeway  river  in  Wisconsin 5, 000  00 

5.  Surveys  on  the  St.  Croix  river  of  the  northwest 5, 000  00 

FOR  IMPROVE3IENTS  ALREADY  BEGUN. 

1.  Operating  two  dredge  and  snag-boats  on  the  Mississippi 

river,  between  Fort  Snelling  and  Rock.  Island  rapids 36,000  00 

2.  For  building  four  b.arges  to  <attend  dredge  and  snag-boats    4, 000  00 

3.  For  experimentid  dams  on  the  Mississippi  river 25, 000  00 

4.  For  making  a  steamboat  channel,  or  lock  and  dam,  at  the 

little  falls  of  the  Minnesota  river 30, 000  00 

5.  For  removing  snags  and  boulders  on  the  Minnesota  river, 

above  Mankato 20, 000  00 

FOR  nn'ROVE^IENTS    PREVIOUSLY    ESTIMATED  FOR,  BUT    FOR  WHICH 
NO  APPROPRIATIONS  HAVE  BEEN  SPECIALLY  MADE. 

1.  For  removing  snags,  &c.,  from  the  St.  Croix  river 5,000  00 

2.  For  prot-ecting  the  Chippew<ay  river  from  sliding  banks . .     5,000  00 

3.  For  improving  the  navigation  along  the  Wisconsin  river,  from  Portage 

City  to  its  mouth,  three  plans  and  estimates : 

First  plan. — All  in  river,  using  wing-dams  and  Long's  scraper;  dis- 
tance, 118  miles;  to  secure  a  depth  of  three  feet,  low- water  navigation, 
$427,744  37.  Improvements  to  be  available  the  second  year ;  money 
all  wanted  the  first  year;  annually  thereafter,  $30,000. 

Second  plan. — To  secure  four  feet  de|)th,  for  navigation  at  low  water; 
27  miles  in  the  river;  91  miles  of  canal,  70  feet  w4de  at  bottom,  and  80 
feet  wide  at  top ;  24  miles,  being  in  wider  places  of  old  river  bed.  Locks, 
160  by  30  feet ;  total  lock-lift,  138  feet ;  sides  of  canal  in  all  cuts  paved 
for  use  of  steamboats,  $3,200,790  95.  In  order  to  finish  in  third  year, 
required  $1,603,385  45  the  first  year ;  the  remainder  the  second  year, 
and  $50,000  annually  thereafter. 

Third  plnn, — To  secure  five  feet  navigation  at  low  water,  all  to  be 
canal,  118  miles;  canal,  70  feet  on  bottom,  80  feet  on  top;  locks,  160  by 
35;  total  lock-lift,  175  feet;  sides  of  canal  in  cuts  paved  to  allow  the 
use  of  steamboats,  $4,164,270.  In  order  to  finish  in  the  third  year, 
will  require  $2,082,135  the  first  year,  and  the  remainder  the  second  year, 
and  $60,000  annually  thereafter. 

I  would  urge  the  adoption  of  the  third  plan  if  means  can  be  raised, 
providing,  however,  at  first,  for  only  a  four  foot  navigation,  which,  for 
a  continuous  canal,  would  cost  $397,500  less  than  that  given  in  the  third 
plan.    The  second  plan,  if  adopted,  shoiUd  be  carried  out  with  a  view  to 
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^  changed  to  the  third,  if  ever  required.  The  first  plan,  three  feet 
Ration,  may  have  too  much  inconvenience  for  the  great  transporta- 
destined  for  this  route. 

PERSONAL. 

e  amount  of  labor  which  the  works  under  my  charge  have  required 
wily  be  appreciated  by  considering  the  hundreds  of  miles  of  rivers 
which  it  extends.  We  have  now  got  these  rivers  all  mapiMjd,  so 
we  have  in  the  office  accurate  information  and  surveys  of  the  most 
rtant  localities,  and  at  least  a  general  knowledge  of  the  whole, 
e  has  been  much  difficulty  in  getting  assistants  of  the  right  kind 
ich  work,  and  it  ha«  been  found  too  arduous  for  some  possessed  of 
iesired  ability.  Mr.  C.  H.  Conwell,  a  graduate  from  Cambridge, 
became  verj-  proficient  in  the  requirements  of  my  work,  but  his 
:itution  was  enfeebled,  and,  greatly  to  my  regret,  he  has  had  to  stop, 
e  of  our  most  important  assistants,  the  engineer  in  charge  of  the 
line  of  levels  of  the  Wisconsin  survey,  Mr.  J.  Z.  Osburne,  took  sick 
lied  of  a  fever,  when  that  work  was  nearly  completed,  in  the  field, 
ich  of  the  work  has  been,  without  regard  to  hours,  carried  on  to  the 
imit  of  endurance,  yet  we  have,  in  hardly  one  ca«e,  met  the  urgent 
mds  of  the  interests  we  have  been  working  for. 
r  my  shortcomings  in  making  returns  and  accounts  to  the  engineer 
quarters,  I  feel  giateful  for  having  had  extended  to  me  the  fullest 
arance,  and  thankful  for  the  promptness  with  which  all  my  requisi- 
and  requests  have  been  granted. 
Very  respectfully,  your  obedient  servant, 

G.  K.  WARREN, 
Brevet  Major  General  and  Major  of  Engineers. 


G  1. 

tey  and  improvement  of  the  upper  Mississippi  river  and  tributaries. 

United  States  Engineer  Office, 

April  6,  18G8. 

3^^RAL :  I  beg  leave  to  submit  the  following  report,  making  some 
jes  in  my  former  estimate  sent  to  you  last  September,  and  giving 
additional  ones  not  prepared  at  the  time  the  others  were  rendered. 
8  estimates  now  forwarded  are,  I  believe,  in  accordance  with  the 
ition  of  Congress  of  March  18,  18G8,  which  requires  the  estimates 
lids  for  the  fiscal  year  ending  June  30,  1869,  to  be  reduced  "  as  far 
iy  be  safely  and  i)rudently  done,  having  iu  view  the  protection  of 
trom  injury  or  deterioration,  and  reasonable  progress  towards  com- 
ig  the  same,  regard  being  had  to  the  wants  of  commerce  in  each 

this  report  I  will  give : 

\  statement  of  the  appropriation  under  which  I  am  working,  their 
nts,  and  the  amounts  expended  and  on  hand  March  31,  18G8. 
\  brief  account  of  each  of  the  works  under  these  appropriations. 
The  recommendations  I  have  to  make  in  regard  to  further  appro- 
ons  for  these  works  ,•  and 

Introduce  those  additional  public  works  to  which  my  attention  has 
drawn  by  resolutions  of  legislative  or  municipal  bodies.    My  corn- 
reports  will  have  to  be  deferred  till  more  time 'can  be  given  to 
int  them  properly. 
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1.  Appropriations  availahle  during  the  fiacal  year  enditig  June  30, 1868,  and 

amounts  expended  and  on  hand  March  31, 1868. 

I. am  conducting  operations  the  i)resent  fiscal  year  under  the  foUowing 
named  ai)pi opriations  made  by  act  of  Congiess  approved  March  2,  18G7 : 

1.  For  l^uilding  and  operating  two  dredges  and  snag-boats  to  be  used 
on  the  Mississippi  riv^er  between  Fort  Snelling  and  Rocii  Island  rapids, 
$96,000. 

2.  For  building  and  operating  one  dredge  and  snag-boat  on  the  Wis- 
consin river,  $10,000. 

3.  For  removing  snags  and  boulders  throughout  the  Minnesota  river, 
$37,500. 

4.  "  For  examination  and  surveys  of  works  of  improvement  for  which 
appropriations  have  been  heretofore  made,  and  concerning  which  no 
sufficient  information  is  now  in  possession  of  the  department,  (War 
Department,)  and  for  examination  and  survey  at  other  points  in  the 
fourth  and  fifth  sections  of  this  act  specified;  that  is  to  say  •  •  •  ou 
the  western  and  northwestern  rivers,  $125,000. 

Sec.  5.  And  he  it  further  enui^ted^  That  the  Secretary  of  War  is  hereby 
directed  to  cause  a  continuance  of  examinations  or  surveys,  or  both,  at 
the  following  i)oints,  namely :  Of  the  Mississippi  river,  above  the  Falls  of 
St.  Anthony,  and  between  the  Falls  of  St.  Anthony  and  Rock  Island 
rapids,  and  of  the  Wisconsin  river.  •  *  *  "  The  i)oint«  thus  specified 
in  section  5  were  those  for  which  special  estimates  were  made  by  me,  and 
submitted,  approved  bv  the  Chief  of  Engineers,  January  29,  1867.  (H. 
Ex.  Doc.  No.  58,  2d  sess.  30th  Cong.) 

The  estimates  for  additional  survey  are,  for  the  Mississippi, 

above  the  Falls  of  St.  Anthony $7,500  00 

The  Mississippi,  between  the  Falls  of  St.  Anthony  and  Rock 

Islandrapids 35,000  00 

The  Wisconsin  river 7,500  00 

Total 50,(K)0  00 


There  were  also  additional  survey  and  examinations  needed  to  com- 
plete the  work  already  assigned  to  and  begun  by  me,  under  section  1  of 
the  similar  a[)propriation  act  of  the  30th  Congress  at  its  first  session, 
approved  June  23,  1866,  which  specified,  ''For  examining  and  reporting 
upon  the  subject  of  constructing  railroad  bridges  across  the  Mississippi 
river  between  St.  Paul,  in  Minnesota,  and  St.  Louis,  in  the  State  of 
Missouri,  upon  such  plans  of  construction  as  will  oft'er  the  least  impedi- 
ment to  navigation  of  the  river;"  for  the  preceding  year  had  not  allowed 
suflicient  time  to  finish  so  important  a  work,  and  the  river  up  to  that 
time  had  presented  but  the  single  phase  of  low  water. 

After  the  passage  of  the  aot  approved  March  2,  1867,  in  the  form 
already  quoted  which  designates  no  exact  sums  for  making  surveys  and 
examinations  of  the  rivers  upon  which  I  was  engaged,  I  applied  to  the 
Chief  of  Engineers  for  information  as  to  the  amount  that  could  be  allowed 
to  me,  and  1  quote  the  following,  which  was  received  in  reply,  dated  May 
16,  1867 : 

The  appropriation  of  $125,000  piade  by  tlie  act  approved  March  2,  1867,  was  intended  to 
include  the  sums  reqnired  for  all  the  surveys  and  examinations  of  the  western  and  north- 
western rivers,  provided  for  in  the  5th  section  of  the  act,  as  far  as  it  would  ext*»nd,  and  m 
there  are  other  surveys  of  ^reat  importance  to  be  provided  for,  this  department  does  not  feel 
justified  in  allotting  mjore  than  $4(J,0U0  to  those  under  your  [my]  charge.  If  it  U  possible, 
however,  to  grant  you  the  additional  sum  required  by  your  estimate,  you  [I  J  will  be  advised 
of  it. 
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It  most  be  ob\ious  to  all  those  interested  in  the  works  under  my  charge 
that  the  allowance  under  the  circumstances  was  fully  as  much  as  could 
have  been  expected.     Subsequently  $2,500  more  was  allotted. 

Tlie  following  tabular  statement  exhibits  the  amount  appropriated  or 
assigned  to  work  under  my  Supervision,  the  amounts  expended  and  the 
Iwlance  on  hand  March  31,  1808,  the  end  of  the  lirst  quarter  of  1808: 


ippropriation  made  at 
a  se^aon  39th  Con- 

Appropriation    for 
fxatninaiion    and 
survey  of  wefiteru 
aud  nortbweflteru 
rivers. 

Appropriation    for 
dredger  and  snag* 
bohtH  on  ihe  Mid- 
Bissippi  river. 

Appropriation    for 
drt'dges  and  unag- 
boatH  on  tiie  Wia- 
cousin  river. 

Appropriation    for 
rt'inoving     snags 
and   boulders   in 
Minnesota  riv«^r. 

1^  AsoQDl appropriated.. 
-  laooat  expended 

$43,500  00 
39,813  97 

$96,  000  00 
75,818  61 

$40,000  00 
•J,  316  96 

$37.  500  00 
18,  171  34 

^,  iBoont  aoexpebded  . . 

2,686  03 

20,  181  39 

37,684  04 

19,328  66 

ri  Xature  of  the  different  tcorks  and  of  the  expenditures  and  estimatea  of  tlie 
^    malleat  amount  we  should  he  restricted  to  in  the  coming  season^  with  due 
regard  to  the  works  in  hund  and  to  the  imblic  interests  involved, 

SURVEYS. 

I^The  long  period  of  high  water  in  the  summer  of  1807,  on  the  upper 
Hiasissippi,  caused  me  to  give  over  the  examination  of  the  Mississii)pi 
^ve  the  Falls  of  St.  Anthony,  as  proposed  in  my  rei)oii:,  and  nothing 
|iiore  was  done  than  to  collect  information,  as  far  as  practicable,  so  that 
|t  might  be  attended  to  in  the  best  manner  at  some  future  time.  Besides 
•fce  unfavorable  season,  there  was  not  so  much  money  appropriated  as 
Miniated  for  by  about  the  amount  estimated  for  this  object.  So  my 
KUveys  were  confined  to  the  Mississippi  below  the  falls  and  to  the  Wis- 
tousin  river  and  Minnesota  river. 


SUEVEYS  ON  THE   WISCONSIN  RIVEE. 

Notwithstanding  the  high  water  on  the  Mississippi  river,  the  rains 
Bd  not  reach  the  valley  of  the  Wisconsin,  which  remained  unusually 
t>w  and  gave  most  favorable  opportunity  for  surveys,  and  a  thorough 
Hrvey  from  Portage  to  the  mouth  was  made.  The  maps  are  now  in  an 
Nlvaneed  state,  on  a  scale  of  400  feet  to  an  inch,  and  will  give  ample 
li^talls  of  the  nature  of  the  bed,  banks,  obstructions,  depths  of  water, 
kc,  &c.  The  distance  from  Portage  to  the  mouth  of  the  river  is  118 
tiiles,  and  the  descent  at  low  water  i09  feet.  The  volume  of  the  river  is, 
4  it*i  lowest  stage,  according  to  measurement,  3,000  cubic  feet  per  second. 

Tlie  cost  of  the  survey  exceeded  my  estimate  and  approximated  to 
hat  of  Major  Suter's,  viz:  $15,000.  It  was  conducted  as  economically 
m  it  is  practicable  to  organize  and  prosecute  surveys  with  new  parties; 
iQt  there  are  not  less  than  three  lines  to  be  run  on  such  rivers  as  the 
Viseonsin  and  upper  Mississippi,  where  one  line  would  answer  upon 
he  Ohio,  owing  to  the  great  midtiplicity  of  islands  in  the  former. 

SUEVEYS  ON  THE  MISSISSIPPI  RIVER. 

These  were  c^>nducted  over  all  the  shoal  places  where  we  had  sur- 
reywl  them  in  1860,  so  that  we  might  compare  the  changes  made  by 
3iis  year's  floods.  The  changes  were  important  and  very  instructive  to 
as  in  planning  improvements  and  w  orks  upon  the  river.    The  surveys 


364         REPORT  OF  THE  SECRETARY  OF  WAR. 

were,  besides,  made  continuous  over  all  the  troublesome  shoals  from  the 
Falls  of  St.  Anthony  to  Winona,  and  a  survey  was  also  made  of  Coon 
slough  and  Raft  channel  of  the  Guttenburg  and  Cassville  shoals,  and 
at  some  minor  points  of  interest.  An  extended  series  of  discharge  and 
velocity  measurements  were  made  at  St.  Paul  and  vicinity,  and  river 
gauges  were  observed  on  all  the  rivers  under  survey  and  improvement. 

SURVEYS  ON  THE  MINNESOTA  RHTER. 

On  the  Minnesota  an  examination  was  made  from  its  mouth  to  the 
head  of  Big  Stone  lake,  so  a«  to  gain  information  of  the  effects  of  the 
summer  floods  and  to  extend  the  map  of  the  river  above  the  mouth  of 
the  Yellowstone,  which  is  as  far  up  as  the  examination  had  been  con- 
ducted in  1866. 

SURVEYING  OUTFIT. 

This  consists  now  of  two  large  flat-boats  fitted  up  for  quai*ter8  for 
surveying  parties,  and  about  25  small  row-boats  and  skiffs,  the  whole 
being  perishable  material,  and  having  cost  the  appropriation  about 
$7,000.  These  will  answer  to  prosecute  the  surveys  on  the  Mississippi 
and  its  tributaries,  if  they  ai*e  continued  till  all  important  surveys 
are  finished;  and  there  will  be,  in  addition,  required  for  the  Mississippi 
above  the  rapids,  a  small  steam  propeller,  costing  about  $3,000  dollars. 

ADDITIONAL  SURVEY^S  REQUIRED. 

It  is  believed  that  no  further  surveys  will  be  required  on  the  Minne- 
sota and  Wisconsin  rivers,  except  it  may  be  in  some  limited  spac^,  to 
supply  information  on  some  point  whose  importance  became  known  by 
the  survey  already  made,  and  not  known  before. 

There  is  a  necessity  for  completing  the  survey  of  the  Mississippi  so  as 
to  make  a  continuous  map  of  it  from  the  Falls  of  St  Anthony  to  Rock 
Island  rapids,  and  it  is  best  to  occupy  two  years  in  doing  it,  because 
part  of  it  will  admit  of  this  delay,  and  in  the  end  it  will  be  more  eco- 
nomical, as  better  enabling  us  to  use  up  and  wear  out  our  outfit  and 
not  require  an  increase  of  our  present  one.  There  should  not  be  less 
than  $30,000  for  this  Mississippi  survey  in  the  coming  year,  and  for  fin- 
ishing the  maps  afterward.  The  examination  and  survey  of  the  Mis- 
sissippi above  the  falls  will  require  $7,000. 

There  is  also  a  memorial  before  Congress  in  relation  to  rivers  and 
harbors  under  my  supervision  that  requires  a  survey  of  the  Chippewa 
river,  of  the  St.  Croix  river,  and  of  the  harbor  at  Alton.  I  think  there 
will  be  required  for  the  Chippewa  river  $10,000;  for  the  St.  Croix, 
$5,000,  and  for  Alton  harbor  $5,000. 

There  are  also  some  additional  measurements  required  to  complete 
the  collection  of  material  on  the  subject  of  bridging  the  Mississippi 
between  St.  Paul  and  St.  Louis,  and  completing  the  maps  and  diagrams 
illustrating  it,  if  so,  reijuiring  $6,000.  There  is  an  absolute  necessity 
for  this,  in  order  to  complete  this  important  subject  and  present  it  to 
Congress.  This  matter  hiis  greatly  increased  in  magnitude  since  the 
passage  of  the  general  law  in  relation  to  bridging  the  Mississippi,  and 
these  bridges  may  be  a  fruitful  source  of  litigation  and  trouble  here- 
after, requiring  the  amplest  information  to  settle. 

I  will  recapitulate  the  ditierent  items  required  for  additional  surveys, 
naming  them  in  the  order  in  which  I  deem  them  to  be  of  public  import- 
ance. 


he  estimate  for  surveys  iu  my  former  repoit  was  but  $50,000,  but  in 
le  last  three  items  were  omitted. 

:  should  be  considered,  in  judging  of  the  importance  of  these  surveys, 
:  the^se  northwestern  rivers  have  not  been  surv  eyed  and  mapped  before, 
i  on  all  of  them  public  works  of  improvement  are  needed  and  soliciteci 
he  people,  and  that  no  engineer  nor  legislative  body  can  properly 
sider  the  nece^ty  for  improvement,  nor  the  means  required  to  effect 
111  the  survey  and  maps  are  made.  It  is  only  by  surveys  that  an 
ineer  can  assemble  the  facts,  subject  them  to  analysis,  and  compre- 
d  the  phj^sical  laws  governing  the  stream  it  is  proposed  to  operate 
iL  Good  maps  and  profiles  and  measurements  have  the  further 
antage,  that  every  other  engineer  can,  from  them,  readily  prepare 
1  plans  as  his  own  experience  may  suggest,  or  test  the  soundness  of 
je  submited  to  him.  These  things,  when  i)roperly  done,  require  much 
e;  and  even  if  the  works  of  improvement  should,  from  necessity,  be 
[)ended,  the  surveys  should,  by  all  means,  be  kept  going  on,  so  that 
m  the  imi>rovement  is  again  resumed,  full  knowledge  will  be  at  hand 
[uide  it.  Besides  the  injury  to  the  material  on  hand  by  suspending 
surveys,  there  will  be  lost  the  valuable  experience  acquired  by  the 
istanti^,  by  their  having  to  seek  a  livelihood  in  other  fields.  The  special 
lirements  for  a  proper  river  surveyor  are  not  generally  met  in  the 
inary  engineering  experience.  Nothing  shows  the  necessity  of  these 
reys  more  than  the  fact  that  we  are  unable  yet  to  submit  otir  definite 
18  in  many  cases  because  the  maps  of  the  surveys  are  still  incomplete, 
I  much  of  that  failure  that  may  be  »een  to  have  attended  former  river 
irovements  arise  solely  from  imperfect  preparatory  surveys,  and  a 
sequent  attempt  to  improve  where  there  was  no  knowledge  of  the 
ses  producing  the  abstraction  and  the  means  of  counteracting  them. 

IMPROVEMENT   OF  THE  MISSISSIPPI. 

►f  the  appropriation  of  $96,000  for  two  dredges  and  snag-boats,  and 
rating  them  one  year,  there  i*emains  the  two  boats  purchased  and 
jl81  39  unexpended.  This  money  will  be  needed  before  the  end  of 
present  fiscal  year  to  complete  the  repairs,  changes  and  outfit  for 
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desperate  want  of  means  should  compel  them  to  tie  up.  Letters  from 
the  principal  steamboat  men  navigating  the  upper  Mississippi  testify  to 
the  great  benefit  the  dredging,  or,  more  properly,  the  scraping,  produced 
on  the  bars;  and  the  result  of  the  last  year's  work  convinces  me  that 
these  boats  can  be  relied  upon  to  increase  the  depth  over  the  sand  bars 
from  eight  to  twelv  e  inches  in  low  stages,  which  it  is  safe  to  say  nearly 
doubles  the  carrying  capacity  of  the  boats  now  in  use.  The  sand-bars 
have  the  shoalest  part  at  the  lowest  edge  deepen  suddenly  below  this, 
and  very  gently  above,  so  that  an  increased  depth  of  one  foot  will  be 
found  within  150  to  200  feet  above  the  lower  edge.  I  believe,  however, 
that  this  is  as  great  an  alleviation  as  can  be  relied  upon  from  such  source 
without  a  disproportionate  expense,  and  in  some  localities  such  compli- 
cati(ms  exist  in  the  sand-bars  that  it  will  probably  be  necessary  to  resort 
to  wing-dams  or  Jettees,  so  as,  if,  not  to  prevent  the  obstruction  forming 
below,  at  least  to  reduce  it  to  a  more  simple  form.  Such  a  case.  French- 
man's bar,  below  St.  Paul,  presented  last  year.  Thei*e  are  cases,  too, 
where  the  river  becomes  divided  into  several  channels,  none  of  which 
affords  the  Siime  depth  as  where  the  river  is  united,  and  it  is  then  desirable 
to  close  up  all  but  one.  Such  a  case  exists  above  Nininger.  There  are, 
also,  cases  where  small  but  deep  and  favorable  low-watxir  channels  exist 
which  escape  the  sand  moved  at  high  water  and  deposited  into  the  main 
channel,  and  which  need  protection  at  low  water  from  the  sand  brought 
into  it  from  the  main  channel  through  connecting  passages,  and  also  the 
prevention  of  the  escape  of  water  from  them.  .Such  a  case  is  presented 
at  Beef  slough.  There  are  also  a  variety  of  other  cases  that  could  be 
enumerated  and  many  that  cannot  be  foreseen,  but  which  must  be  reme- 
died as  they  occur.  It  will  be  necessary,  too,  in  some  places,  to  protect 
the  banks  and  islands  from  abrasure. 

In  all  these  cases  I  would  use  stone  and  trees  and  brush ;  the  stone 
furnishing  the  weight  to  hold  the  dam  in  place,  and  the  trees  and  brush 
the  bond  to  keep  it  together  as  one  mass  and  prevent  it«  being  removed 
piecemeal.  This  combination  is  also  well  adapted  to  collects  and  on 
and  around  it,  and  thus  increase  its  stability  and  effect.  I  think  it  was 
the  absence  of  a  suitable  bond  like  the  wood  affords  that  rendered  the 
dams  formerly  placed  on  the  samly  portions  of  the  Ohio  (independent  of 
any  defect  of  location)  so  unstable;  besides,  as  a  reason  for  not  applying 
the  Ohio  experience  to  the  upper  Mississippi,  there  is  the  great  differ- 
ence in  their  high-water  velocities,  which  are  so  much  the  grciiter  on  the 
Ohio.  The  proper  method  of  applying  these  dams  on  the  upper  Missis- 
sippi dei)ends  upon  the  peculiarity  of  the  river.  Its  waters  are  clear, 
and  there  is  no  mud  or  sediment  deposited  from  it,  in  the  ordinary  sense 
of  the  word.  The  beds  and  bottom  are  nearly  all  sand;  the  bottom 
lands  are  overflowed  many  feet,  and  their  height  is  jUvSt  that  to  which 
the  current  will  raise  the  sand  as  it  passes  over  the  bed,  and  is  the  same 
as  the  tops  of  the  highest  bars,  which  differ  from  islands  and  bottoms 
only  in  not  having  been  formed  long  enough  to  have  produced  a  growth 
of  trees.  The  sand  is  very  heavy,  composed  mainly  of  silicas,  \Nith  some 
iron.  When  stirred  up  it  sinks  again  very  rapidly.  It  is  moved  along 
mainly  at  high  water  and  drops  again  as  soon  as  the  current  slackens, 
so  that  at  low  water  comparatively  little  sand  is  in  motion.  I  am  having 
very  careful  measurements  in  progress  to  determine  better  than  we  now 
know  the  nature  of  the  sand,  which  in  different  years  presents  such  a 
variety  of  phases.  It  seems  cerUiin  that  all  improvements  will  have  to 
be  niiKle  to  meet  occasions  for  these  yearly  as  they  arise;  and  besides 
the  dredge-boats  we  now  have,  we  must  have  at  properly  chosen  locali- 
ties large  collections  of  stone  ready  for  use,  and  barges,  when  used  in 


(ad  by  far  tlie  Itfst  cliiiiiiic'l  on  the  side  that  in  181(6  it  wiis  tliou^tit 

clui^e  np.  A  iiroviuioii  sliuiiUI  be  made  in  tlie  law  iiiitlioriziug 
^ueer  to  close  tiuelicliaiiiielij  as  lit;  tliiiilcs  liest  for  the  [luMic  good, 

Le  will  not  be  stopped  by  iiijuiicttoiis  and  diSieiilties  certain  to 
IS  tlicy  did  tlie  past  year  in  tlie  attempt  of  tlie  Chippewa  liiver 

eiiieiit  Coinjiany,  or^ranized  under  the  laws  of  Wisconsin,  to  close 
;  Bwf  slouRb.  1  feel  pi-epared  now  to  jfive  this  snbjeet  of  closing 
itg  cliaiiDels  a  more  extended  tria)  than  1  did  ou  eoin])letint;  my 

report,  and  wish  to  have  my  powers  defined  in  attempting  to 
n  such  work. 

nrPEOVEMENT  OF  THE  AVISCONSIN  RIVER. 

itoprovemeDt  is  intended  to  form  part  of  a  hue  of  conimnnication 
t.t  from  all  places  ou  the  U[)per  Kississippi  and  ti-ibutaries  by  way 
Wisctmsiu  river,  ujiimt  l-'ox  river,  Lake  Winnebago,  and  lower 
in  to  (ireen  bay,  and  tliere  connect  with  the  water  tnui-oiiortatioD 
U  the  lakes  eastwai'd.  Daring  tho  past  seiison  the  Jlrooklyn,  a 
loat  of  considerable  capacity,  came  tliningh  from  Green  btiy  tu  St. 
ritli  a  largo  freight,  and  returned.  But  tlie  general  navigation  of 
eam  hits  of  late  years  Ih^u  nearly  Busi>ended  for  sevenil  reasona 
winplete  condition  of  the  canal  improvements  on  the  Fox  river 
me  of  these,  and  it  docs  hoI  seem  advisable  for  the  company  to 
ite  these  improvements  more  nipidly  than  it  is  now  doing  until 
iiig  is  done  tu  seeui'C  them  the  improved  navigation  of  the  Wis- 
river.  BesidCH  the  foregoing  reason  for  the  absence  of  navigation 
le  river,  is  the  effect  of  the  Milwaukee  and  Prairie  du  Chien  rail- 
iieh  draws  most  of  the  local  busines-s  of  the  valley  to  itself.  But, 
istanding  this,  steamboiits  would  continue  to  nni  u|H)n  the  river 
not  forthetlireerailroadsandthree  common  road  bridges  crossing 
pen  Portage  and  the  mouth.  These  bridges  have  draws,  but  the 
re  so  badly  located  and  constnicted  as  to  greatly  eni,Uiuger  the 
t  of  boats,  and  to  cause  them  ruinous  delays. 
i  having  been  no  prospect  of  vessels  navigating  the  river  during 
[■  season,  and  the  appropriation  of  $40,IHJ(>  being  tor  pnictuing  and 
Iff  « ilrMlim  urul  HiiiLir.luiiit.  wimse  HiTvice  wonlil  not,  in  .such  ciist-  be 
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water  volume  3,100  cubic  feet  per  second,  the  range  from  low  to  liigh 
water  nine  to  ten  feet.  A  great  portion  of  the  river  bed  and  bottom 
lands  is  sand,  the  same  as  I  have  already  described  on  the  Mississippi 
The  obstructions  are  in  almost  every  particular  the  same,  and  I  am 
inclined  to  adopt  the  same  method  of  improvement.  But  as  the  Wiscon- 
sin is  smaller  than  the  Mississippi  at  St.  Paul,  in  the  proportion  of  three 
to  live  at  low  water,  I  expiect  that  to  secure  the  same  depth  of  water  as 
on  the  Mississippi  will  require  a  greater  expenditure.  From  the  present 
state  of  our  investigations,  therefore,  I  am  in  favor  of  dams,  jettees, 
revetments,  &c.,  of  brush  and  stone,  in  connection  with  dredging,  in 
preference  to  a  canal  along  the  banks  or  to  locks  and  dams  in  the  river, 
though  the  estimates  have  not  yet  been  complet^ed.  The  question  as  to 
kind  of  improvement  will  mainly  turn  upon  the  making  of  six  and  seven 
feet  navigation ;  but  with  three  and  four  at  the  lowest  stages,  and  boats 
properly  constructed  and  with  a  wide  passage-way,  almost  any  amount 
of  transportation  can  be  done. 

I  have  thought  that  from  $20,000  to  $30,000  per  mile  would  secure  this 
low-water  navigation  from  three  to  four  feet  depth  of  water.  The  dis- 
tance being  118  miles,  this  would  require  a  total  of  from  $2,300,000  to 
$3,540,000  for  the  entire  river.  An  expense  annually  would  afterwards 
be  required  for  repair,  amounting  to  from  $20,000  to  $30,000. 

It  will  be  necessary  to  thoroughly  remodel  all  the  bridges  across  the 
river  where  the  draws  are  placed,  and  inasmuch  as  they  have  been  placed 
as  they  are  without  opposition,  it  may  be  but  just,  in  reconstructing  them, 
that  the  river  improvement  should  bear  a  portion  of  the  expense,  a«  has 
been  x)rovided  for  in  the  case  of  Rock  Island  bridge. 

The  way  to  carry  on  such  an  improvement  as  I  have  in  view  is  to  follow 
as  much  as  possible  the  course  proved  by  experience.  As  much  exi)eri- 
ence  is  yet  to  be  acquired,  I  would,  as  a  preliminary  work,  recommend  an 
appropriation  of  $50,000  in  addition  to  the  amount  now  available,  to  be 
used  in  driving  piles  abov^e  all  the  draw-bridges  at  the  draws,  to  facilitate 
the  passage  of  boats  before  the  bridges  are  reconstructed,  in  cutting 
down  from  the  banks  the  numerous  trees  now  hanging  over  the  channel- 
way  where  boats  must  pass,  and  make  such  dams  as  may  be  required  at 
some  of  the  worst  places,  and  thus  test  this  method  of  improvement  more 
fully  than  has  yet  been  done.  If  a  canal  of  great  size  is  required  between 
the  Mississippi  and  the  lakes,  there  is  no  question  but  that  of  cost  involved 
in  its  construction  here.  It  is  a  very  favorable  feature  that  the  Wiscon- 
sin river,  at  low  stage,  is  nearly  on  a  level  with  the  summit  of  the  canal 
at  Portage,  and  no  expensive  works  are  required  to  procure  from  this 
river  all  the  water  that  might  be  needed  for  lockage  thence  to  Winne- 
bago lake.  As  a  canal  route,  the  natural  feeders  are  inexhaustible.  The 
descent  from  the  summit  at  Poitage  to  Lake  Michigan  is  210  feet,  and  not 
315  feet,  as  stated  by  mistake  in  General  AVilson's  report.  The  lockage 
on  this  line  of  improvement  would  be  nearly  the  same  as  on  the  Illinois 
one ;  but  it  is  unnecessary  to  make  comparisons  between  these  two  lines. 
Commercially  they  are  wanted  independent  of  each  other,  and  one  could 
not,  if  built,  do  away  with  the  necessity  for  the  other. 

IMPROVEMENT   OF  THE  MINNESOTA  BIVEB. 

Of  the  appropriation  of  $37,500  for  removing  snags  and  boidders, 
$19,328  66  remains  unexpended.  The  exi)enditures  have  been  mainly 
for  removing  snags  from  the  channel  and  cutting  down  trees  impending 
from  the  banks.  There  proves  to  be  more  snags  needing  to  be  removed 
than  was  at  first  estimated  for,  and  a  further  appropriation  will  be 


*  w«rk,  in  acconliinw  with  tlit*  rest)Iiiti<m  t»t'  Congress  qiuttt'd 
iiing  of  this  rt'iwrt,  he  80  made  as  to  leave  tli«  wanner  of"  its 
to  l>e  detennined  by  the  engineer  hej-eatter,  and  that,  iiiiny 
mnd,  it  may  be  exiiended  iu  tlie  removal  of  snags  above  tlie 


ate  for  a  dam  and  Iwk  with  lift  of  IS  feet  at  Meekei-'w  i.sland 
u  my  last  report.  Since  tlien  our  lurtlier  surveys  make  it 
another  sncli  dam  and  lock  would  be  iv(|]iired  near  the 
a  Minnehaha  ei-tiek.  Kaeh  of  these  ihinis,  with  locks,  wonid 
iiii.lMW.  The  importance  of  this  work  is  fully  set  forth  in 
J  of  the  Minnesota  legislature  to  Congress,  presented  with 
I  January,  It^Uo. 

ose  improrement  has  been,  pctiHoneil/or  by  leyislatures,  <fcc.,  d'C; 

IMPROVEMEXT   OF   THE   ST.    CROIS  ItlVBK. 

eb  furnished  with  a  copy  of  a  memorial  to  Congress,  fiom 
ire  of  Minnesota,  which  asks  for  au  apin»priation  for  improv- 
eara.  The  improvement  reijuired  is  the  removal  of  snags, 
ra,  piers,  &e.,  that  now  obstmet  this  river,  and  I  think  $-1,0(10 
aiitageou^ly  expended  in  giving  immediate  relief  fn)ni  these, 
say  now  much  l>enelit  can  be  securi'd  to  this  river  by  a 
sfteiD  of  improvement  until  a  survey  is  made,  and  for  doing 
made  an  estimate  of  $.'>,000. 

IMPROTEIIENT    OF   TUB   CHIPPEWA,  RIVER. 

has  also  been  memorialized  to  aid  in  the  imi>rovement  of  this 
re  made  considerable  examination  of  it  in  studying  its  rela- 
Vlississippi,  which  it  closely  resembles  in  manj'  of  its  features, 
nish  dams  are  as  applicable  to  it  as  to  any  river  I  have  seen. 
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ALTON .  HARBOR,   ILLINOIS. 

A  reiK)ii:  coiicerniDg  the  filling  up  of  this  harbor  with  sand  was  made 
t^  me  by  my  assistant,  Major  H.  C.  Long,  United  States  civil  engineers, 
based  on  a  preliminary  survey  made  at  the  expense  of  the  city.  He 
estimates  tliat  $100,000  would  be  required  to  remove  the  difficulty.  We 
are  unable  to  enter  into  the  consideration  of  all  the  questions  here 
involved,  where  the  union  of  the  Missouri  with  the  Mississippi  may  per- 
form an  important  part  in  producing  the  condition  now  existing,  and  a 
further  and  elaborate  survey  is  necessary,  for  which  I  have  made  an  esti- 
mate of  $5,000.  It  would  seem  perfectly  safe  to  make  the  appropriation 
estinmted  for,  leaving  the  method  of  its  application  to  be  determined  by 
the  engineer  as  soon  as  the  results  of  the  surveys  are  made  up.  The 
report  of  Major  Long  will  be  submitted  hereafter.  The  full  rei>orts  of 
several  of  the  other  works  are  nearly  complete,  but  it  is  not  thought 
possible  to  take  time  to  prepare  tliem  for  submitting  with  this  report. 

RECAPITULATION   OF  ESTIMATES. 

For    comi)leting    report,  maps  and  diagrams  on  bridges   on 

Mississippi  river $6, 000 

1.  For  survey  on  Mississippi  river,  from  Falls  of  St.  Anthony 

to  Rock  Island  rapids 30, 000 

2.  For  survey  on  upper  Mississippi,  above  the  falls 10, 000 

3.  For  survey  on  Chipi)ewa  river 10, 000 

4.  For  survey  on  St.  Croix  river 5, 000 

5.  For  survey  of  Alton  harbor  and  vicinity 5, 000 

0.  For  operating  two  dredges  and  snag-boats  one  year 36, 000 

7.  For  wing-dams  and  other  dams  on  Mississippi  river 25, 000 

8.  For  improvement  of  Little  FaUs  on  JVIinnesota  river 30, 000 

9.  For  dams  and  removal  of  obstructions  on  Wisconsin  river.     50, 000 

10.  For  protecting  Chippewa  river  from  sliding  banks 5, 000 

11.  For  removing  obstructions  in  the  St.  Croix  river 5, 000 

12.  For  dam  and  lock  at  Meeker's  island 235, 000 

13.  For  dams  at  Alton  harbor,  Illinois 100, 000 

Items  3,  4,  5,  9,  10, 11  and  13  are  introduced  here  for  the  first  time. 
Item  No.  7  is  a  former  one  increased  from  $10,000.    Item  No.  12  was 
introduced  in  my  former  report,  but  not  acted  upon  by  Congress. 
Kespectfullv  submitted. 

G.  K.  WARREN, 
Brevet  Major  General  U,  S.  A.,  and  Major  of  Engineers, 

Brevet  Major  General  A.  A.  Humphreys,  U.  S.  A., 

Brigadier  General  and  Chief  of  Engineers. 


G2. 


Washington,  D.  C,  April  9, 1868. 

General,  :  I  haw  the  honor  to  forward  herewith  the  report  of  United 
States  Civil  Engineer  H.  C.Long,  concerning  the  present  condition  and 
requirements  of  the  harbor  of  Alton,  Illinois. 

This  harbor  is  on  the  Mississippi  river,  just  above  where  it  is  joined 
by  the  Missouri  river,  and  the  influence  of  both  rivers  is  probably  cou- 
cerned  in  producing  the  unfavorable  condition  of  the  harbor  now  exist- 
ing.   At  low  water  boats  are  prevented  by  a  dry  sand-bar  firom  lauding 


e  exact  phm  to  adopt  to  remedy  the  existing  evils,  and  reserves 
it  to  somewhat  modify  his  recommendations,  if  these  snneys 
all  for  a  modification  of  them. 

the  reservations  made  by  him,.  I  submit  his  report  with  my 
1,  and  express  also  my  satisfaction  with  the  promj)t  manner  he 
ied  out  my  directions^ and  my  belief  tliat  he  has  presented  the 
i«  complett*ly  as  the  circumstances  admit. 

eport  was  made  by  him  in  obedience  to  my  instructions,  which 
en  on  authority  of  the  chief  of  engineers,  to  whom  I  had  sul)- 
:he  application  of  the  Board  of  Trade  of  the  city  of  Alton  to 
5h  examination  and  rej>ort  made, 
ours  respectfully, 

G.  K.  WARRE:Nr, 
Bvt.  Major  OenH  U.  S,  A.,  Major  of  Engineers. 

b  Major  General  A.  A.  HtJMPHREYS, 

Brigadier  General  and  Chief  of  Engineers, 

Alton,  Illinois,  March  15,  18G8. 

RAL  :  I  herewith  submit  a  brief  report  of  examinations  at  Alton 
md  the  conclusions  arrived  at. 

were  undertaken  in  accordance  \^th  your  instruction,  of  Feb- 
18G8,  a  copy  of  which  is  as  follows,  viz  : 

Headquarters  United  States  Engineer  Office, 

Saint  Paul,  Minnesota,  February  J,  1868. 

e  foUowing  are  your  instructioas : 

will  proc^d  from  here  to  Alton,  Illinois,  and  make  such  examination  of  that 
vicinity  as  you  can  at  this  season.  The  object  will  be  to  report  to  me  the  wants 
navigation  as  complained  of,  and  their  supposed  cause,  the  proposed  remedy  and 
effecting  same.  Should  you  be  unable  to  do  this  without  making  additional 
11  will  80  report,  and  present  an  estimate  of  the  expense,  and  the  time  when  they 
made.  You  will  consult  freely  with  such  citizens  of  Alton  as  can  aid  you  in 
(. 

will  also  proceed  to  St.  Louis  to  inquire  into  the  cost  and  facility  of  making  such 
for  and  alterations  in  the  boats  we  have  as  you  think  will  probably  be  required 
coming  season. 

understood  that  these  duties  are  not  to  prevent  your  exercising  all  necessary 
over  the  party  at  work  on  the  Mississippi  under  Mr.  D.  S.  Stombs,  that  may  be 
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veys,  I  availed  myself  of  the  liberality  of  the  city  council  of  Alt4)ii,  who 
appr()[)riateil,  at  luy  su^/iirestion,  $250  for  this  piiri)08e. 

This  amount  was  of  coiurse  too  small  for  the  prosecution  of  «any  extended 
surveys,  but  was  deemed  sufficient  for  measuring  the  existing  sand-bare, 
making  a  few  triangulations  across  the  Mississippi  to  determine  its  width, 
general  locaiion,  and  extent  of  islands,  tow-heads,  slough,  &c.,  &€., 
and  their  relative  positions  with  reference  to  the  city  and  harbor  of 
Alton. 

Besides,  I  wished  to  save  time,  in  laying  this  report  before  yourself 
mnd  the  proper  authorities  at  Washington,  and  imiuove  the  favorable 
oi)portunity  presented  for  examining  into  the  conditicm  of  the  river 
iiftecting  Alton  harbor,  attbrded  by  a  low  stage  of  water  which  prevailed 
at  the  tmie  of  mv  arrival. 

These  preliminary  surveys  were  made  by  Messrs,  Swift  and  Lon^, 
city  engineers.  The  result  is  the  a<;companying  sketch  or  chart,  which, 
for  (x)nvenience  of  reference,  has  been  platted  on  a  scaje  of  4,(HM)  feet  to 
the  inch,  gi\ing  the  appearance  of  the  Mississippi  river  and  harbor  of 
Alton  at  the  period  referred  to  in  this  rei)ort,  viz:  February  5, 1808, 
.to  March  5,  18(>8.     See  drawing  No.  1. 

As  your  instructions  have  defined  my  duties  with  admii-able  perspi- 
.cuity,  I  shall  ti^eat  the  subject  in  the  order  therein  set  forth,  viz : 

First, — "The  icants  of  tlie  river  navigation^  a^  complained  of  and  their  sup- 

]}08ed  eau4te.^^ 

Very  serious  apprehensions  are  entertained  by  persons  competent  to 
give  an  opinion  in  such  matteis,  who  have  watched  the  operations  of 
the  Mississippi  in  the  vicinity  of  Alton  for  several  years  past,  that,  at 
any  of  the  annual  floods,  such  changes  in  the  current  and  general  course 
of  t\w.  river  may  take  place  as  to  entirely  prevent  steamboats  fix)in 
approaching  the  landing  during  ordinary  and  low-water  stages,  at  least 
two-thirds  of  the  year,  thus  greatly  injuring  the  commerce  and  conse- 
quent prosperity  of  the  city. 

Second. — "  The  supposed  cause  of  the  evilP 

At  Alton,  the  Mississippi  river  is  bounded  by  high  limestone  bluffs 
on  the  Illinois  side^  approaching  the  river  margin  at  the  upper  lauding, 
and  extending  northerly  20  miles  to  the  mouth  of  the  UlinoivS.  While, 
below  the  city,  the  bluffs,  receding  from  the  river  an  average  distance  of 
live  or  six  miles,  run  neiirly  parallel  to  its  general  course  to  the  mouth 
of  Kaskaskia,  embracing  an  are^i  of  about  300  square  miles  of  land  of 
wonderful  fertility,  well  known  as  the  "  Great  American  Bottom." 

The  general  direction  of  these  bluffs  is  as  well  represented  on  the 
sketch  as  its  limits  will  i)ermit. 

On  the  Missouri  side,  the  natural  surface  is  but  little,  if  any,  above 
high  water  mark,  and  all  that  tract  of  land  situated  between  the  3Iis- 
sissippi  and  Missouri  rivers,  comprising  the  easterly  part  of  St.  Chfirles 
county,  is  subject  to  overflow  during  excessive  floods. 

The  dry  bar  ''A  A''  is  about  5,000  feet  long  by  1,500  feet  in  width, 
and  nearly  overlaps  the  head  of  the  island  below.  It  has  been  grad- 
ually working  down  stream,  and  it  is  feared  that  a  connection  will  be 
formed  with  the  island,  and  the  water  making  its  way  behind  both,  the 
main  body  of  the  river  and  low-water  channel  will  be  permanently 
changed  to  the  Missouri  shore,  the  bar  forced  over  towards  Alton,  and 
the  city  absolutely  blockaded. 
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At  the  time  of  my  examination  (the  river  then  bein^  about  three  feet 
above  ordinary  low  stages)  there  was  more  water  passing  down  the 
sloagh,  I)  D,  than  on  the  Alton  side  of  the  island.  There  was  a  depth 
of  12  feet  entirely  through  the  former,  with  ample  width  for  the  passage 
of  the  largest  sized  steamers;  while  there  was  but  six  or  seven  feet 
through  the  latter,  and  in  plaees  the  channel  was  quite  narrow,  incon- 
venienth'  and  dangerously  so,  should  large  boats  attempt  to  pass  each 
other  at  the  contracted  points. 

There  is  no  natural  obstacle  on  the  Missouri  side  which  will  prevent 
the  Mississippi  river  from  making  a  wide  and  permanent  passage-way 
in  the  direction  api)rehended,  should  it  at  the  next  or  any  subsctpient 
rise  force  its  way  around  the  head  of  the  bar  A  A  and  along  the  slough 
DD. 

This  Missouri  shore  is  composed  of  the  same  light  sandy  alluvium, 
through  which  the  Missouri  river  is  constantly  shifting  and  changing  its 
outlet;  at  one  time  working  uj),  at  another  down  the  Mississippi,  in  the 
most  capricious  and  unaccountable  manner. 

Since  1852,  the  mouth  of  the  Missouri  has  been  working  its  way  down 
stream,  and  is  now  at  least  one  mile  below  where  it  was  at  the  date  men- 
tioned. Whether  it  will  now  remain  stationary  or  again  alter  its  position, 
it  is  impossible  to  predicate,  and  can  only  be  known  by  observation ;  for, 
as  before  intimated,  there  is  nothing  in  the  nature  of  the  soil  at  its  mouth 
which  can  in  any  degree  control  its  impulses,  or  make  permanent  its 
point  of  junction  with  the  Mississippi. 

Bv  a  further  reference  to  the  sketch  it  will  be  seen  that  the  main 
channel  of  the  Mississippi  river  (shown  by  dotted  black  lines)  leaves 
the  rocky  shore  on  the  Illinois  side  near  a  point  marked  Hop  Hollow, 
and  crosses  diagonally  to  the  opposite  side,  then  returns  again  to  the 
Illinois  side  near  '^  Lorks  Upper  Lime-kiln,"  and  is  again  thrown  back 
towards  the  bar.  The  river  can  make  no  impression  on  the  rock,  but  is 
coUvStantly  being  deflected  to  the  Missouri  shore,  where  there  is  nothing 
but  light  sand  to  oppose  its  progress ;  and  as  I  understand  the  explana- 
tion of  the  pilots  and  river  experts  who  have  watched  its  operations  for 
many  years  pa«t,  the  channel  is  constantly  abrading  the  Missouri  shore 
and  increasing  its  tendency  to  force  a  passage  in  that  direction  and 
around  the  head  of  the  bar  and  along  the  chute,  or  slough,  as  explained 
in  a  foregoing  paragraph. 

A  growth  of  5'oung  cottonwoods,  grass,  and  willows  is  springing  up 
near  the  center  of  the  bar  A  A  shown  on  the  sk(»tch,  and  a  lodgment 
of  drift-wood  taking  place,  indicating  unmistakably  the  permanent  form 
that  the  bar  is  assuming  and  the  probability  that  in  time  it  will  become 
an  island. 

The  dry  bar  B  B,  below  the  city,  has  been  extending  upward  and  out- 
ward for  several  years  past;  at  its  greatest  width,  at  the  time  of  my 
examinations,  February  5  to  March  5,  there  was  a  water  space  of  only 
80()  feet  between  the  bar  and  Ellis's  island,  with  a  depth  of  seven  feet 
scant  in  the  channel,  the  latter  being  not  over-  250  or  300  feet  in  width. 

In  the  last  five  or  six  years  there  has  been  an  iiccumulation  of  sand 
on  this  bar  averaging  three  and  a  half  feet  in  depth  over  its  entire  sur- 
face. This  is  ascertained  by  measurements,  along  the  railroad  track 
extended  across  the  bar  by  the  Chicago,  Alton  and  St.  Louis  Railroad 
Company  for  the  purpose  of  obtaining  ballasting  for  their  road-bed. 

This  bar  (B  B)  is  encroaching  rapidly  upon  the  city  landing,  extend- 
ing along  its  front  and  connecting  with  the  main  Illinois  shore  until  it 
has  monopolized  three-fourths  of  the  levee,  entirely  obstructing  the  low- 
water  harbor  for  that  distance. 


374  REPORT  OF  THE  SECRETARY  OF  WAR. 

r 

A  considerable  portion  of  this  bar  is  occasioned  by  the  mud,  sand^ 
and  cit3'  scourings  brought  down  by  thePiasa  creek,  which  has  it«  out- 
let through  an  arched  culvert  at  H.  This  culvert  also  serves  the  i)nr- 
pose  of  a  main  sewer  to  Alton,  extending  tlirough  one  of  the  principal 
streets  of  the  city  for  a  distance  of  4,000  feet. 

The  bar  now  under  consideration  (B  B)  acts  as  a  dam  to  a  very  con- 
siderable degree,  and,  by  partially  checking  the  flow  of  w- ater,  and  back- 
ing it,  assists  the  current  deflected  from  the  rockj"  shore  at  Hop  Hollow 
and  the  upper  lime-kilns,  in  forcing  a  large  portion  of  the  river  on  each 
side  of  the  tow-head  E,  and  through  the  sluices  F  F. 

The  depth  of  w  ater  in  these  two  sluices  was  found  to  be  12  feet,  with 
a  width  of  250  feet  in  the  upper  and  350  feet  in  the  lower  one,  with  a 
strong  current,  and  constant  abrasion  of  the  head  of  the  island  and  tow- 
head.  In  fact,  at  the  time  of  observation,  the  main  body  of  w  ater  in 
the  slough  D  D  w^as  supplied  by  the  sluices  F  F. 

It  has  been  intimated  that  the  projecting  points  of  loose  and  frag- 
mentary rocks  lining  the  shore  above  the  city  landing  at  C  C  was  a 
fruitful  source  of  the  "  evil  complained  of.''  These  projections  are  doubt- 
less very  injurious.  It  will  be  observed  that  the  river  narrows  consider- 
ably at  this  locality.  The  evil  will  gi'ow  worse  from  year  to  year.  Their 
further  accumulation  shoidd  be  strictly  prohibited  by  city  ordinance.  I 
have  endeavored  to  impress  the  importance  and  necessity  of  attending 
to  this  matter  upon  the  city  authorities  of  Alton. 

The  rock  thus  wasted  w  ill  be  serviceable  and  convenient  for  building 
dikes  or  wing-dams.  If  contracts  are  made  for  this  purpose,  it  should 
be  one  of  the  stii)ulation8  that  the  contractor  take  away  and  use  this 
material. 

I  have  thus  endeavored  to  describe  the  peculiarities  of  the  river  in  the 
vicinity  of  the  "  evil  complained  of." 

They  may  be  stated  more  succinctly  and  in  general  terms  as  follows, 
viz: 

A  rock-bound  shore  on  the  Illinois  side  on  which  the  river  can  make 
no  impression  ;  a  light  alluvium  on  the  Missouri  side,  which  oft'ers  but 
little  resistance  to  its  encro«achments;  some  artificial  obstructions  as  at 
the  mouth  of  Piasa  creek;  the  heaps  of  refuse  stone  and  con  from  the 
lime-kilns  above  the  city,  and  a  natural  tendency  of  the  river  to  make 
towards  the  x)oints  of  least  resistance. 

Third. — "  The  proposed  remedy^ 

Is  a  stone  dike  across  the  head  of  the  slough,  near  the  upi>er  end  of 
Ellis's  island,  (the  situation  of  the  proposed  dike  is  shown  on  the  sketch.) 
a-nd  a  wing-dam  or  breakwater  at  the  head  of  the  dry  bar  A  A.  The 
exact  location  of  this  work  to  be  determined  by  the  United  States  engi- 
neer at  the  time  of  constructing  them,  and  also  the  height  to  which  it  is 
necessary  to  raise  them. 

It  is  believed  that  the  combined  action  of  these  structures,  by  throwing 
the  river  over  onto  and  along  the  Illinois  shore,  will  give  a  sufficient  depth 
of  w  ater  at  all  seasons  of  tlie  year,  and  wash  away  the  sand-bjir  B  B 
below  the  city,  and,  from  the  strong  and  direct  current  thus  produced, 
Jiave  a  tendency  to  modify  the  extensive  abrasions  going  on  opposite  the 
mouth  of  the  Missouri. 

At  locality  last  mentioned  the  Mississippi,  reinforced  by  the  stroug 
*iinent  of  the  Missouri,  is  rapidly  encroaching  on  the  American  bottom, 
and  working  its  way  into  a  succession  of  lakes  and  bayous,  old  beds  of 
.the  river,  to  such  an  extent  that  fears  are  entertained  that  the  river 
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jain  pursue  its  course  along  the  Ulinois  bluffs,  and  forsake  its 
t  channel  in  front  of  St.  Louis. 

ejs  recently  made  under  the  direction  of  the  city  engineer  of  St. 
show  that  there  has  been  an  abrasion  of  3,500  feet  opposite  the 
of  the  Missouri  since  1802. 

leave  to  refer  you  to  the  very  interesting  remarks  of  Major  George 
gon  this  subject,  giving  also  his  view  of  the  causes  of  tlie  dilii- 
Altou.  Major  Long  gi^aduated  at  West  Point  in  1824.  Theoret- 
ic! practically  an  engineer,  and  one  of  the  earliest  inhabitants  of 
le  has  been  acquainted  with  the  characteristics  and  operations 
lississippi  from  the  Balize  to  Fort  Snelling  for  nearly  40  years, 
lions  in  this  matter  are  entitled  to  the  greatest  respect.     (See 

sing  the  chute  or  slough  at  the  head  of  Ellis's  island,  a  basin 
t  wide,  2  miles  long,  10  feet  deep  at  lowest  stages,  will  be  formed, 
:  a  convenient  and  safe  harbor  for  steamboats  and  other  craft 
he  winter.  This  slough  has  been  used  for  such  purposes  by 
the  principal  St.  Louis  lines  of  steamboats  for  several  years. 
will  insure  its  preservation,  and  in  this  alone  be  of  great  l)enefit 
neral  commerce  of  the  Mississippi. 

[  the  main  body  of  the  riv  er  take  that  course,  the  slough  will  no 
!  desirable  or  safe,  as  the  drift  and  ice  will  follow  the  main 

ot  prepared  to  give  an  opinion  as  to  the  exact  location  of  the 
1  until  more  extended  surveys,  accompanied  by  current  and 
)bservations,  shall  have  been  made;  on  which  also  depend  the 
ation  of  its  length  and  direction. 

— ^'The  cost  of  effecting  the  latter  f  that  ?>,  the  cost  of  jyroposed 
remedy,  dr.,  with  plan  and  estimates. 

B  sake  of  economy,  to  secure  a  good  foundation,  and  prevent 
the  spreading  out  and  loss  of  stone  in  the  shifting  and  light 
prising  the  bott^>m  of  the  slough,  it  is  proposed  to  make  caissons 
timber  tliree  or  four  feet  wider  than  the  base  of  the  stone- work, 
them  across  the  slough  in  the  required  direction;  these  found- 
be  composed  of  trunks  of  trees  and  rough  logs,  an  abundance 

can  be  cut  on  the  adjacent  shore  and  island,  and  hauled  or 
ito  position,  when  they  can  be  arranged  in  rafts.  Tlie  largest 
5  two  and  one-half  or  three  feet  apart,  the  interstices  tilled  with 

and  branches  cut  from  the  trees  in  trimming  them,  also  brush 
ngs,  then  weighted  with  stone  and  sunk  to  the  bottom  of  the 
The  first  layer  to  be  longitudinal  with  the  line  of  the  dike,  the 
ans verse,  alternating  in  this  way  until  the  surface  of  low  water 
I,  or  four  layers  of  the  raft  be  sunk,  forming  a  caisson  upon  which 
tn  stone  will  be  thrown  until  the  dike  is  raised  to  the  requisite 


GENERAL  DMENSIONS  OF  DIKE. 

f/owj? — Timber  caissons,  filled  icith  brush,  stones^  cCc,  Ac. — Length, 
(about;)  width,  GO  feet  (about;)  height,  10  feet  (about.) 
ructure — Broken  stone, — Length,  1,200  feet    (about;)   area  of 
20  s<iuare  feet  (about.) 
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ESTIMATED   COST   OF  DIKE. 

Timber,  and  labor  in  cutting  same,  hauling  to  riv^er,  &c.,  con- 
structing rafts $C,  500 

Stone,  &c.,  for  filling  interstices  and  sinking  rafts,  viz:  6,440 
perches,  at  $2  25 14,490 

Contents  of    main  dike  above  low- water  mark,  Aiz:    34,500 

perches,  at  $2  25 77, 760 

Riprap  on  head  of  Ellis's  island,  to  prevent  same  from  washing 

away,  aIz:  2,000  perches,  at  §3 6,000 

Superintending,  contingencies,  &c.,  &c 7, 250 

Total 112,000 


Fifth. — "  Cost  of  additional  surveys  required,  and  best  tiine  to  make  f/tew." 

I  do  not  know  of  a  more  interesting  field  for  careful  research  than  the 
vicinity  treated  of,  or  one  of  more  importance  to  the  commerce  of  the 
Mississippi  valley;  involving  the  solution  of  questions  not  only  affectuig 
the  growth  and  prosperity  of  Alton,  but  of  St.  Louis. 

1  can  find  no  maps  or  records  defining  with  any  degree  of  certiiinty 
the  present  moutli  of  the  Missouri  river,  the  positions  of  bars,  islands, 
&c.,  nor  am  I  aware  that  any, careful  surveys  have  been  made  in  this 
region,  since  those  of  Captain  11.  E.  Lee,  United  States  engineer,  in 
1837,  and  Captain  T.  J.  Cram,  and  Lieutenant  W.  F.  llaynolds,  to^K)- 
giaphical  engineers,  in  184,3-4;  since  which  time  very  great  and  imi>ort- 
ant  changes  have  taken  place. 

I  therefore  recommend  that  these  surveys  be  made  to  commence  as 
soon  after  the  annual  vernal  floods  as  practicable,  and  be  extended  as 
high  as  Grafton,  mouth  of  Illinois  river,  on  the  Mississippi,  and  St. 
Charles,  on  the  Missouri,  and  below  the  mouth  of  the  Missouri,  embra- 
cing the  city  limits  of  St.  Louis  to  St.  Genevieve  on  the  Missouri  side, 
and  mouth  of  Kaskaskia  on  the  Illinois  side. 

These  surveys,  hydrographical  and  topographical,  can  be  completed  the 
ensuing  low-wat^r  season,  if  the  weather  prove  favorable,  with  all  ne- 
cessary maps,  charts,  sketches,  &c.,  &c.,  at  a  cost  not  exceeding  $10,000. 
It  is  contemplated  to  extend  the  surveys  to  the  main  river  bluffs  on 
either  shore. 

RECAPITULATION   OF  ESTIMATES. 

Construction  of  stone  dike,  with  foundations  of  timber,  &c.,  &c., 
from  head  of  Ellis's  island  to  some  point  on  the  Missouri 
shore $112,000 

Cost  of  complete  surv^eys  from  mouth  of  Illinois  riA  er  to  mouth 
of  Kaskaskia,  embracing  American  bottom,  and  Missouri 
river  to  St.  Charles 10, 000 

Total . . : 122,000 


I  have  thus  endeavored  to  lay  before  you  the  results  arrived  at  in 
carrying  out  vour  instructions  of  February  1.  It  may  reasonably  be 
doubted  whether,  under  the  circumstances,  we  have  arrived  at  the  right 
solutioji  of  the  cause  of  the  dithculty  at  Alton;  but  there  can  be  no  ques- 
tion of  the  magnitude  of  the  ^'eyil,^  or  of  the  fact  that  the  city  is  thi*e^t- 
ened  with  an  entue  loss  of  harbor  at  all  ordinary  stages  of  water. 
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iM  not  aware  that  government  assistance  of  this  or  any  other  sort 
?ver  hiH^n  extended  to  Alton,  although,  for  many  reasons  arising 
her  gfeogxaphieal  povsition,  she  may  be  entitk^l  to  it  more  than  other 
of  greater  pretensions,  who  ehiim  and  receive  it. 
on  lies  on  the  left  bank  of  the  Mississippi,  about  25  miles  above  St.» 
and  three  miles  above  the  mouth  of  the  Missouri  river.  It  contains 
li5,()00  inhabitants.  The  importance  of  the  city  trade  and  corn- 
may  be  understood  by  a  r(»ference  to  the  rei)ort  of  Messrs.  Dobel- 
and  Frick,  the  committee  appointed  by  the  Board  of  Trade  to  pro- 
tatistics  of  the  business  of  Alton  for  1807,  from  which  it  appears 
e  business  of  the  city  for  that  period  amounted  to  $12,673,734,  and 
e  revenue  collected  and  paid  to  the  United  States  during  the  year 
80,()00.  (See  report  of  committee.  Appendix  B.) 
le  reserving  to  myself  the  privilege  of  a  more  extended  treatment 
mbject,  and  perhaps  different  opinions  relative  to  the  causes  oper- 
)  produce  the  results  complained  of,  after  careful  and  comprehen- 
rveys,  I  have  no  hesitation,  in  view  of  the  necessity  of  some 
ined  action,  in  seconding  the  wishes  of  the  citizens  of  Alton  by 
lending  the  dike  at  the  head  of  Ellis's  island  as  furnishijig  speedy 
S4»nt  relief,  sufficient  for  all  practical  puq)oses,  and  as  an  experi- 
lat  will  be  of  value  as  a  precedent  in  settling  the  nvAuy  vexed 
lis  relative  to  works  of  this  character  now  agitating  the  public, 
itizens  of  Alton,  associated  m  ith  certain  steamboat  men  and  oth- 
rested  in  the  navigation  of  the  Mis«issii)pi,  have  already  obtained 
?r  from  the  State  of  Missouri,  under  the  general  statute,  regu- 
nch  matters,  whereby  the  construction  of  the  dike  can  at  once 
"e<l  upon.  The  island  and  slough  are  claimed  to  be  within  the 
f  St.  Charles  county,  Missouri. 

lecessity  and  importance  of  the  surveys  recommended  in  this 
re  most  earnestly  urged  upon  your  favorable  consideration,  as  the 
•e  method  of  obtaining  correct  data  on  w  hich  to  base  thorough 
tematic  works  of  improvement, 
fctfully  submitted. 

HENRY  C.  LONG, 
U.  tS.  Civil  Engineer. 
t  Maj.  Gen'l  G.  K.  Warren,  U.  S.  A., 

Major  Corps  of  JSngineerSy  tSuperintendent  Surveys 

and  Improvements  Upper  Miississippi^  d'C,  d*., 

—Since  the  completion  of  the  surveys  alluded  to  in  this  report, 
5,  18(i8,)  there  has  been  a  rise  in  the  Mississippi  of  several  feet, 
which  the  action  of  the  water  has  been  watched  with  great 

an  extract  from  the  remarks  of  Mr.  Miller,  at- a  recent  meeting 
card  of  Trade,  which  goes  far  to  confirm  the  views  advanced  in 
eding  pages,  viz : 

Minutes  of  the  Board  of  Trade. 

Council  Chamber,  Alton,  March  20,  1868. 

er,  of  the  committee  on  river  and  harbor,  made  a  verbal  report,  in  which  he  stated 
the  rise  in  the  river  the  current  was  fast  washing  awaj  the  sand-bar  A  A  and 
te  shore  above  the  city,  and  if  not  soon  checked  would  in  a  short  time  work  its 
id  the  sand-bar,  and  then  throug'h  the  chute  (D  D  on  sketch,  pa^e  9)  behind  Ellis's 
bat,  in  tlje  opinion  of  Captain  Berry,  the  Missouri  shore  bad  been  washed  away 
i  of  10  rods  in  width  by  one  mile  in  length  above  the  sand-bar,  and  that  the  sand- 
een  worn  away  about  three-fourths  of  a  mile,  and  that  the  lower  end  of  the  bar 
proportionately  extended  down  in  front  of  the  city  ;  and  that  it  was  the  duty  of  the 


378  REPORT  OF  THE  SECRETARY  OF  WAR. 

council  to  act  at  once  in  the  matter,  to  prevent  the  channel  of  the  river  from  leaving  our 
shore  entirely. 

On  motion  of  Mr.  Washburn,  the  following^  resolution  was  adopted,  viz: 
That  a  committee  of  four  be  appointed  by  the  Chair  to  draw  up  a  memorial  and  forward 
the  same  to  the  representatives  of  this  district  in  Congress,  calling  their  attention  to  the 
report  of  Major  H.  C  Long  on  our  river  and  harbor  surveys,  and  urging  prompt  action  in 
securing  the  required  appropriation  in  the  bill  for  western  river  improvements. 

Above  minutes  signed  by 

J.  T.  DRUMMOND, 

Vice  President. 
J.  T.  Rice,  Secretary. 

KespectfuUy  submitted. 

HENRY  C.  TX)XG, 

United  SUites  Civil  Engineer. 


[Appendix  A,  page  375.] 

ALTON,  March  9, 1868. 

In  the  reconuoissance  yon  are  about  to  make  of  Alton  harbor,  permit 
me  to  bring  to  yolir  attention  the  following  observations  and  remarks 
in  relation  thereto,  viz: 

The  active  cause  of  the  sand-bank  that  fills  the  greater  portion  of  the 
riVer-bed  in  front  of  Alton  may  be  directly  traced  to  the  action  of  the 
waters  of  the  Missouri  at  its  mouth,  or  its  junction  with  the  Mississippi, 
during  the  annual  spring  freshets.  These  take  pla€e  from  the  last  of 
April  to  the  middle  of  June,  after  those  of  the  Mississippi  have  subsided. 
The  mingling  waters  of  the  two  rivers  above  the  mouth  become  slack- 
ened, and  the  sand  and  allu\ium  with  which  they  are  charged  settle  to 
the  bottom  and  thus  have  filled  the  channel  as  above  indicated.  A  still 
more  extensive  bank,  from  a  like  source  and  cause,  has  been  formed 
the  Missouri  mouth,  both  of  which  combined  have  conduced  to  below 
most  injurious  and  damaging  results,  as  I  shall  proceed  to  describe. 

The  bank  below  the  mouth,  as  it  increases  during  high-water  stages  of 
the  river,  forced  the  current  along  the  left  bank  at  the  fork,  wearing  it 
away  at  a  rate  that,  within  my  own  personal  observation,  has  reached 
the  distance  of  something  like  two  miles.  The  most  remarkable  move- 
ment at  the  mouth  in  any  one  year  took  place  about  five  years  since, 
when  near  a  half  a  mile  of  the  tongue  of  land  at  the  junction  was  sud- 
denly swept  away. 

This  change  seemed  rapidly  to  increai^e  the  bar  between  Alton  and 
Ellis's  island,  which  lies  about  three-fourths  the  way  across  from  the 
Illinois  to  the  Missouri  shore,  in  such  a  manner  a«  to  force  the  greater 
portion  of  the  water  into  the  slough  on  the  Missouri  side  of  the  latter, 
washing  it  out  into  a  strong  and  bold  stream,  already  the  main  pa^  for 
the  Mississippi  w^aters  at  the  summer  stages  of  the  river. 

The  draught  is  now  so  great  into  this  channel  that  the  line  of  current 
at  the  head  of  the  island  takes  a  northern  course  for  the  waters  to  enter 
it,  and  the  only  barrier  to  a  direct  channel  from  the  bend  above  Alton 
to  reach  it  is  the  tenure  of  a  sand-fiat  athwart  its  head,  which  in  no  long 
time  to  come  may  give  way  to  a  further  and  greater  injury  to  Alton 
harbor.  This  slough,  which  may,  even  at  this  time,  be  considered  as  the 
main  part  of  the  river  in  its  summer  stages,  in  view  of  its  direction  and 
force,  lies  in  a  curv^e  convex  to  the  westward,  which  has  its  last  course 
approaching  the  junction  so  iiear  that  of  the  Missouri  that  they  join 
under  a  very  acute  angle  some  two  and  a  half  or  three  miles  distant,  in 
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erlj direction,  from  the  place  of  junction  prior  to  the  opening  of 
iDuel  to  its  present  capacity,  and  from  thence  the  combined  rivers 
!  in  the  resultant  direction  of  their  united  forces  to  be  broken 
e  alluvial  soil  of  the  American  bottom. 

xtent  of  abrasion  into  the  Illinois  shore,  as  near  as  I  can  learn, 
niles  on  the  river  from  Wood  river  to  the  town  of  Madison,  at 
I  of  Chouteau's  island,  by  a  half  a  mile  in  depth,  or  some  1,500 

acres  of  land,  which  at  this  time  would  be  valued,  at  least, 
MK);   and  the  work  is  going  on  with  increased  rather  than  a 
ed  force, 
dfre  which  separates  the  river  from  Long  lake  and  the  sicales 

Wood  river  and  below,  to  the  rear  of  East  St.  Louis,  now 
but  some  400  or  500  feet  across.    When  this  is  carried  away,  as 

will  be  at  no  distant  period  if  not  prevented  by  artificial 
le  damage  to  the  farmers,  the  railroads,  and  other  interests  con- 
ith  the  St.  Louis  trade,  would  be  enormous, 
iter  would  enter  on  a  level  five  or  six  feet  above  the  river  at 
J,  which  would  give  a  powerful  force  for  damage  wherever  it 

obstructed. 

medy  to  counteract  these  evils  is,  first,  the  erection  of  a  dike 

head  of  P^llis's  island  to  the  Missouri  shore  to  direct  the 
pi  water  in  its  direct  and  proper  course  below,  and  to  establish 
im  or  jettee  within  the  mouth  of  the  Missouri,  so  as  to  force 
im  in  the  same  direction,  that  the  two  may  unite  in  the  reach 
e  Missouri's  mouth,  and  thence  proceed  harmless  to  their 

homes.    The  Missouri  river,  I  am  informed,  has  still  open  a 
3  high-water  slough  along  the  rocky  shore  of  the  right  bank, 
the  track  the  main  stream  should  be  forced  into, 
works   seem    thoroughly  practicable  when  we  consider  the 
t  interests  at  stake. 

diness  with  which  the  shifting  sands  of  these  rivers  are  moved — 
8  an  open  channel  on  one  side,  and  the  next  year  a  dry  bar  in 

and  the  navigable  pass  on  the  opposite — indicates  the  facility 
•h  they  might  be  managed. 

appears  to  me  that  there  is  a  i)re8sing  and  urgent  demand  for 
on  in  this  matter  to  escape  serious  consequences  and  damage 
ts  above  enumerated. 
r^pectfuUy  vour  obedient  servant, 

GEORGE  W.  LONG. 
I.  C.  Long, 
United  tStates  Civil  Engineer, 


[Appendix  B,  page  397.] 
REPORT  OF  COMMITTEE  ON   STATISTICS. 

mdent  and  members  of  tlie  Board  of  Trade  of  the  city  of  Alton: 

s^rEN:  Your  committee,  appointed  to  procure  statistics  of  the 
of  Alton  for  the  year  1807,  beg  leave  respectfully  to  report 
ing  schedule : 

and  dry  goods $749, 000 

leet  iron  and  hardware 947, 000 

I  shoes. GOO,  000 
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Groceries $1, 472,000 

Liquors 250, 500 

Crockery  ware 42, 000 

Leather 10,0(K) 

Drugs  and  chemicals 5(>4,  (HK) 

Harness  and  saddlery 17, 000 

Insurance 270, 734 

Woolen  goods 150, 0(K) 

Jewelry 21,000 

Tobacco 220,000 

Pork 50,000 

Founderies  and  machine  shops 487, 000 

Wagons  and  carriages 130, 000 

Wooden  ware  and  cooperage 1(>5, 000 

Planing  and  saw  mills 100,  OOO 

Bricks  and  stone 559, 000 

Hides,  wool,  lard,  and  tallow 285, 000 

Banking 16,  (KK),  000 

Lumber 470,  mw 

Lime  and  cement 225, 000 

Brewers 125, 000 

Flour,  wheat,  corn,  and  oats 2, 410, 000 

Boiler  making  and  blacksmithing 75, 000 

Upholstering  and  fiuniiture 165, 000 

Books  and  stationery 55, 000 

Marble  works acJ,  000 

Ice  and  gas 5,  IKH) 

Professional  services 50, 000 

Buildings,  350 350,  (KM) 


27,  073, 234 


Thus  your  committee  are  able  to  report  that  the  business  of  Alton, 
for  the  year  1867,  amounts  to  about  $12,673,734. 

Through  the  kindness  of  Mr.  W.  C.  Flagg,  collector  of  this  district, 
we  are  enabled  to  verify  and  correct  the  statistics  obtained  by  the  com- 
mittee, and  also  to  report  that  the  revenue  paid  to  the  United  States 
during  the  year  amounts  to  at  least  $180, 000 

Your  committee  would  respectfully  state  that  they  do  not  assert  that 
the  above  sum  embraces  all  the  amount  of  business  done  during  the 
year,  but  that  it  is  as  much  as  they  could  obtain  reasonable  dat-a  for. 
All  of  which  is  respectfully  submitted. 

JOHN  C.  DOBELBOWER, 
CHABLES  n.  FlilCK, 

Committee, 


G3. 

AVashington,  D.  C,  June  29,  1808. 

General:  In  obedience  to  instructions  I  have  examined  the  location 
of  the  railroad  bridge  across  the  Ohio  river  at  Steubenville.  Mr.  W.  Mil- 
ner  Roberta,  United  States  civil  engineer  in  charge  of  improvement  of 
Ohio  river,  sent  a  surveying  party  and  an  exx)erienced  river  man,  and 


tj 
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icompanied  me  himself  from  Pittsburg  to  Steiibenville.  I  reached 
lere  ou  the  22d  and  completed  my  observations  on  the  23d  instant. 
The  several  railroad  companies  forming  the  line  from  Pittsburg,  Penn- 
rlvania,  to  Columbus,  Ohio,  which  crosses  at  this  place,  consolidated 
1  the  1st  of  May  last  into  one  corporation,  known  as  the  Pittsburg, 
olumbus,  and  St.  Louis  railroad  company.  Judge  Thomas  L.  Jewett 
as  elected  president.  He  freely  gave  me  all  the  information  I  inquired 
IT,  as  did  also  Mr.  W.  W.  Card,  the  superintendent,  and  Mr.  M.  J. 
Iwker,  the  engineer,  all  residents  of  Steubenville. 

The  company  had  many  difficulties  at  the  outset  in  establishing  the 
l^htof  way  for  this  line  across  the  pan-handle  part  of  Virginia. 
rTlie  right  to  build  the  bridge  itself  was  only  secured  after  the  act  of 
j^ion  of  the  State,  by  a  congressional  enactment.    This  bridge  was 
t  under  the  general  bridge  Isiw,  approved  July  1,  1802.    This  law 

Hired  that  the  span  covering  the  main  channel  should  leave  an  unob- 
ete(l  passage-way  of  not  less  than  300  feet,  and  "not  less  than  90 
above  low  water,"  "nor  less  than  40  feet  fibove  extreme  high  water.'' 

5th  regard  to  location,  the  only  condition  imposed  was,  that  '^  the  piers 

^IdbeparaUel  iciih  the  current  as  near  as  praefie^hleJ" 
|The  conditions  imposed  were  evidently  intended  to  secure  a  j)ractica- 
pa^sage  way  for  vessels  of  at  least  300  feet  width  at  all  stages  of  the 

W;  but  the  result  has  been,  and  will  always  be,  without  several  other 
tin/rent  provisions,  i)ractically  quite  different  from  the  intent,  if  the 

%'e  builders  merely  regard  economy  in  their  own  constructions.    A 

tement  of  my  observations  at  this  bridge,  and  the  information  given 
^  fully  illustnite  this.  The  bridge  is  located  in  the  bend  of  the  Ohio, 
feiit  one  mile  above  Steubenville.  At  the  time  I  was  there  the 
'^r  was  about  four  feet  above  low  w  ater,  and  consequently  below  the 
W-boat  stage.  Observations  showed  the  gieatest  velocity  through  the 
i4Dnel  pier  to  be  at  this  stage  4^  feet  per  second,  which  is  about  2^ 
hn  jier  hour.  The  general  velocity  of  the  current,  however,  was  only 
oat  two  miles  per  hour  at  this  time.  At  high  stages  it  must  reach 
'  miles  an  hour.  The  depth  of  water  between  the  channel  piers  was 
mt  six  an<l  a  half  feet.  The  water  slope,  from  400  feet  above  the  bridge 
400  feet  1k*1ow  it,  falls  f^j^  foot.  The  cuiTcnt  passes  the  bridge  at 
8  stage,  S4^tting  towards  the  Ohio  channel  pier  and  making  an  angle 
h  it  of  15<=>.  This  obliquity  of  itself  eli'ects  a  practical  contraction 
tlie  channel-way  of  about  10  feet. 
riie  channel-way  is  still  further  contracted  by  a  rip-rap  thrown  around 

base  of  the  piers,  amounting  to  about  20  feet  on  all  sides,  so  that 

practicable  channel-way  left  is  only  250  feet  instead  of  300  feet. 
*his  rip-nip  rose  at  this  time  two  feet  above  the  water,  and  as  the 
I-boats  draw  seven  feet,  there  would  have  to  be  a  rise  of  nine  feet  above 

stage  at  that  time,  or  13  feet  above  low  water,  before  such  boats 
Id  pa88  alongside  of  the  pier. 

lie  hwation  of  the  bridge,  as  before  said,  is  in  a  bend  of  the  river, 
1  though  at  the  present  time  the  current  sets  towards  the  Ohio 
re — which  it  does  through  the  influence  of  a  middle-grimnd  bar — as 
river  rises  the  influence  of  the  bar  is  less  felt  and  the  current  sets  more 

more  into  the  bend  and  on  the  Virginia  shore,  and  at  good  coal-boat 
lesi  makes  an  angle  impinging  against  the  piers  toward  that  side  of 
river.  The  current  thus  has  a  play  of  full  30°  in  ditt'erent  stages  at 
\  site.  It  is  readily  to  be  seen  this  must  require,  on  the  pai-t  of  the 
>t,  accurate  knowledge  of  the  cuiTent  at  each  stage  so  as  to  enable 
L  to  make  his  proper  calculation.    ]^one,  I  believe,  attempt  to  pass  it 
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ill  the  Dight  with  tows.  The  currents  of  the  river  in  bends  generally 
flow  on  curved  lines,  so  that  the  boat  has  a  swinging  motion  as  she 
descends,  which  of  itself  requires  more  room  for  the  boat  than  where 
tlie  river  is  straight;  and  this  is  another  objection  to  locating  bridges  in 
the  bends. 

In  the  towing  of  coal-boats  another  great  objection  to  the  location  of 
a  bridge  in  the  bend  arises  from  the  necessity  there  is  for  the  tugboat 
to  throw  herself  and  tow  obliquely  across  the  stream  and  back  her 
wiieels  to  keep  out  from  the  bank,  towards  which  the  surfa<3e-cun*eut  is 
setting;  she  is  thus  unable  to  pass  without  danger  a  bridge  in  a  bend 
that  does  not  permit  by  its  width  of  taking  the  oblique  position.  The 
Steubenville  bridge,  on  account  of  its  inadequate  width,  does  not  admit 
of  this,  and  can  be  passed  only  by  the  steamboat  going  ahead  to  get 
steerage- way,  thus  unavoidably  adding  her  own  force  to  the  velocity  of 
the  current  to  increase  the  shock  against  the  piers  or  rip-raps  should 
the  boats  unfortunately  strike  them.  1  am  informed  on  the  best  author- 
ity that  ''in  passing  those  piers  they  always  have  hands  out  on  the  outer 
range  of  boats,  with  axes  ready  on  the  instant  of  striking,  to  cut  away 
the  striking  boat  to  save  the  fleet."  To  make  it  still  worse  for  the  loc^i- 
tion  of  this  bridge,  there  is  one  of  the  most  sudden  bends  of  the  Ohio 
about  one  and  a  half  mile  above  it  in  which  the  tow-boat  hiis  to  exert 
her  backing  power  in  the  oblique  position  to  the  fullest  extent,  and  con- 
sequently presents  herself  near  the  bndge  in  the  most  unfavorable 
l)osition  for  passing  it  by  going  ahead.  The  provisions  I  make  in  the  sec- 
tions proi>osed  at  the  end  of  this  report  for  a  new  bridge  law,  practi- 
cally prohibit  the  locating  of  bridges  in  bends. 

Every  defect  which  this  location  has  for  navigation  might  have  been 
avoided  by  a  practicable  location  about  one  and  a  half  mile  below. 
There  a  straight  reach  and  deep  pool  is  found,  and  a  current  which  does 
not  change  its  direction  at  ditterent  stages.  But  it  has  the  disadvan- 
tages to  the  railroad  company  that  the  approaches  on  the  Virginia  side 
w^ould  have  required  some  expensive  excavation  to  avoid  a  short  cur^e, 
and  the  pier  foundations  must  have  been  built  where  the  water  is  10 
feet  deep  at  lowest  stages — comparatively  trifling  objections  at  the  most. 
Such  foundations  as  the  i)resent  bridge  has  should  never  be  used  for 
any  important  superstructure,  and  proper  foundations  could  have  been 
built  in  the  proper  location  as  cheaply  as  they  could  where  the  bridge  is 
located. 

The  follow  ing  diagram  and  description  exhibit  these  foundations  in 
a  clear  manner : 

This  diagram  represents  a  section  across  the  east  channel  pier  at  the 
Steubenville  bridge;  at  the  base  it  is  about  26  by  30  feet.  The  foimda- 
tion  consists  of  three  courses  of  pine  timber  one  foot  thick  decked  over 
with  four-inch  plank.  All  the  other  piers  had  under  them  four  thick- 
nesses of  timber.  The  natural  bed  was  excavated  so  that  the  lowest 
water  woidd  always  cover  this  deck  a  foot  deep.  The  stone  is  laid  on 
this  in  courses  two  feet  thick;  the  timber  projects  one  foot  beyond  the 
masonry,  which  is,  in  the  first,  about  24  feet  across  at  the  base  with 
abutter  of  one  half  inch  per  foot  rise.  The  riprap  protecting  the  tim- 
ber platform  extends  out  about  20  feet  on  each  side,  and  rises  up  about 
six  feet  above  low  water  at  the  piers.  Nothing  but  the  riprap  preserves 
the  piers  from  destruction,  and  one  of  the  short  piers  has  deflected 
about  two  and  a  half  feet  from  the  peri)endicular.  The  bed  is  composed 
of  coarse  gi^avel  and  small  and  large  rounded  boulders. 

The  channel  piers  are  90  feet  above  low  water  and  47  feet  above  high 
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water,  and  300  feet  apart  in  the  clear.  Tlie  other  piers  are  about  GG^^j^ 
fe€t  above  low  water.  AW  the  spans,  of  which  there  are  six,  beside  the 
main  span,  exceed  200  feet  in  the  clear.  The  bridge  was  built  bj'  tlie 
Keystone  Bridge  Company  at  Pittsburg,  after  designs  by  Mr.  J.  H. 
LinviUe.  It  has  wrought  iron  for  the  suspension  rods  and  bottom  chord, 
and  cast'iron  tubes  for  the  uprights  and  top  chord.  It  is  nearly  hori- 
zontal. The  main  trusses  are  about  25  feet  high.  The  track  is  laid  on 
the  bottom  chord  of  the  main  span,  and  on  the  top  chord  of  all  the 
others.  It  is  a  beautiful  bridge,  and  with  a  substitution  of  wrought 
iron  for  the  cast-iron  parts  would  be  a  safe  form  of  structure  for  longer 
spans. 

The  defects  of  this  bridge  location,  considered  from  the  navigation 
point  of  view,  which  bridge  was  built  under  the  special  i)rovisions  of  an 
act  of  Congress  as  stringent  as  any  yet  enacted,  show  how  insufficient 
those  provisions  are  for  tlie  protection  of  navigation. 

The  Rock  Island  and  Clinton  bridges,  on  the  Mississippi,  are  much 
worse  than  this,  but  these  were  built  without  any  authority  from  the 
general  government. 

The  fixing  of  a  proper  width  of  practicable  channel-way  to  be  left 
between  piers,  so  as  to  not  seriously  obstruct  navigation,  and  at  the 
same  time  not  to  impose  any  unnecessarily  onerous  and  impracticable 
conditions  on  railroads,  is  a  problem  of  great  difficulty,  on  account  of 
the  variety  of  elements  which  must  be  considered.  It  is  not  easy  to 
determine  what  the  requirements  of  navigation  may  yet  be ;  but  the 
tendency  is  to  demand  increased  width,  and  fortunately  engineering 
skill  keeps  pace  with  these  requirements. 

The  improvements  which  have  taken  place  in  this  country  in  making 
l>ermanent  bridge  foundations  and  extending  the  length  of  the  spans, 
within  three  years,  have  rendered  almost  any  requisite  span  feasible  of 
accomplishment  in  almost  any  needed  locality. 

By  the  wire  suspension  plan  railroad  spans  can  readily  be  made  800 
to  1,000  feet ;  and  a  railroad  bridge  is  now  constructed  and  in  operation 
on  the  lattice  plan,  with  steel  top  and  bottom  members  492  feet  clear 
span. 

I  think  that  a  drawbridge  should,  never  be  allowed  where  the 
approaches  render  a  high  span  practicable.  Approaches  are  more  diffi- 
cult on  the  Mississippi  river  than  on  the  Ohio,  and  for  this  reason  a 
diflferent  requirement  should  be  mad^  for  the  two  streams.  The  diffi- 
culty of  a  boat  passing  tlirough  a  given  space  increases  with  the  velocity 
of  the  current,  so  that  for  this  reason  there  should  be  a  difference  made 
for  different  rivers,  and  tor  different  localities  on  the  same  river. 

A  given  amount  of  difficidty  is  more  and  more  felt  as  the  number  of 
vessels  passing  is  greater,  and  in  rivers  the  size  of  vessels  generally 
increases  with  their  number,  because  both  are  greater  the  lower  you 
descend  the  river,  and  the  more  commerce  becomes  tributary  to  it.  On 
this  account  a  greater  requirement  shoidd  be  exacted  on  the  lower  Mis- 
sissippi than  on  the  upper  Mississippi. 

Whatever  may  be  the  least  limit  adopted  for  the  width  of  the  passage- 
way for  boats,  1  would  recommend  that  the  following  provisions  be 
required  in  all  cases  to  secure  it.  I  base  these  not  only  on  my  examina- 
tion of  the  Steubenville  bridge,  but  that  of  many  other  bridges  con- 
structed across  the  na>igable  rivers  of  the  west. 
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Draught  of  provisiom  required  to  secure  to  navigatimi  the  full  henefit  of 
one  imasage-way  through  hridgen  across  navigable  streams j  the  least  tridtk 
of  ichieh  passage- way  is  fixed  by  law, 

^  Be  it  enacted^  cOc.  Sec.  a.  If  the  design  be  to  allow  of  tlie  passage  of 
vessels  by  means  of  a  pivot  drawbriilge,  then  there  shall  be  two  avail- 
able oi)cnings,  one  on  each  side  of  the  pivot  pier,  neither  of  a  U^ss  size 

than feet  in  the  clear  at  any  stage,  and  said  openings  shall  be  in 

the  main  low- water  channel  of  the  river. 

Sec.  b.  If  the  design  be  to  allow  of  the  passage  of  vessels  nndera 
high  span,  said  span  shall  be  across  the  main  low-water  channel,  and 

not  be  less  than feet  above  extreme  hifih  water  at  the  lowest 

part  of  the  bridge,  nor  shall  the  piers  be  less  than feet  apart  in 

the  clear,  and  a  navigable  depth  of  water  mnst  be  i)reserved  alongside 
of  them  at  all  stages. 

[Note. — In  case  the  span  shoidd  be  made  to  exceed  300  feet,  it  would 
be  sufficient  to  provide  for  the  minimum  elevation  of  150  feet  each  side 
of  the  center,  and  allow  the  remainder  on  each  side  of  this  to  be  lower 
to  facilitate  the  use  of  npright  arches.] 

Sec.  c.  In  no  case  will  piers  or  other  supports  for  the  railway  be 
allowed  on  the  water-way  occupied  by  the  river  while  within  its  bottom 
land  banks,  which  piers  or  supports  shall  leave  a  space  of  less  than 

feet  in  the  clear  between  them,  nor  shall  this  water-way  be  con- 

tract(*d  by  piers  ov  works  of  unnecessary  size ;  nor  will  any  ripraps  or 
other  material  be  allowed  around  the  bases  of  tlie  i)iers  or  supports  to 
comi)ensate  for  inadequate  foundations,  which  material  shall  contract 
the  i)assage-way  hereinbefore  provided  for  boats,  or  between  the  other 
piers  or  supi)orts,  or  which  shall  injuriously  affect  the  regimen  of  the 
river.    And  no  part  of  the  bridge  over  this  portion  of  the  river  between 

the  piers  or  other  sni)port8  shall  be  less  than feet  above  exti-eme 

high  water. 

Sec.  d.  All  bridges  built  under  the  provisions  of  this  act  must  be 
locate  1  in  such  places  and  in  such  manner  as  to  be  perpendicular  to  the 
direction  of  the  current  in  the  main  channel  of  the  river  at  all  stages,  so 
that  the  i>iers  of  said  bridge  may  be  always  parallel  to  the  current  in 
this  main  channel;  and  the  location  must  also  be  such  that  the  current 
of  the  main  channel  shall  move  in  a  straight  line  from  a  point  at  least 
1,000  feet  above  the  bridge  to  500  feet  below  it. 

Sec.  e.  Any  party  authorized  to  build  a  bridge  under  this  act,  shall 
submit  to  the  Secretary  of  War  for  his  examination  a  design  of  the 
bridge  pi(U's,  and  a  ma[>  of  the  location,  giving  the  topography  of  the 
banks  of  the  river  above  and  below  the  location,  the  shore  line  at  hijk'h 
and  low  water,  the  direction  of  the  current  at  all  stages,  and  the  sound- 
ings accurately  showing  the  bed  of  the  stream,  all  for  the  space  of  at 
least  one  mile  above  and  one  mile  below  the  proposed  location,  and 
such  other  information  as  may  be  required  for  a  full  understanding  of 
the  subject.  And  on  the  certificate  of  the  Secretary  of  War  that  the 
provisions  of  the  law  have  been  complied  with,  the  building  of  the  i)iers 
can  be  at  once  commenced. 

But  if  it  shall  appear  that  tlie  conditions  with  regard  to  the  direction 
of  the  current  cannot  be  complied  with,  in  the  location  where  the  bridge 
is  needed,  the  Secretary  of  War  shall  detail  a  board  composed  of  not 
more  than  three  experienced  officers  of  the  corps  of  engineers  to  con- 
sider the  case,  and  may,  on  their  recommendation,  sanction  the  building 
of  the  bridge  at  the  proi)osed  location,  on  such  increased  spans  across 
the  channel- way  as  the  board  may  deem  sufficient  to  secure  a  passage- 
way for  boats  equivalent  to  that  hereinbefore  provided. 


jsngaaier  uenerai  ana  fjiuej  o/  jbtiginecrs. 


APPENDIX  II. 

United  States  Exgineek  Office, 

Kiol'ul\  loicaj  Au(ju,sf  l."i,  1808. 

>'ERAL:  I  have  the  honor  to  submit  tlie  following;  report  in  refereiiee 
[^  works  under  my  charge,  lor  the  fiscal  year  endinj^  June  30,  1S(>8, 
juired  bv  eireular  dated  headcjuarters  corps  of  engineers,  Wash- 
n,  D.  C.,\june  10,  1808. 

O^T-:3IENT  OF^  THE  DES  MOUSES* RAPIDS  OF  THE  MISSISSIPPI  RIVER. 

p  I»lau  adopted  for  this  imi)rovement  is  the  same  as  recommended 
e  iu  my  report  of  January  1,  1807,  concurred  in  by  the  board  of 
i<  ers  convened  at  Keokuk,  Iowa,  by  Engineer  Orders  Xos.  18  and 
[arch  2li  and  20,  1807,  and  api)roved  hy  the  Hon.  Secretary  of  War, 
'"•The  construction  of  a  lateral  navigation  canal,  extending  along 
owa  shore  a  distance  of  seven  and  six-tenths  mik^s;  300  feet  wide  in 
nknient,  2r)0  feet  wide  in  excavation;  minimum  depth  o  ivi^t^  with 
ift  locks  and  one  guard  lock,  eac'li  3r)0  feet  .long  between  gates  and  80 
ride  at  the  top,  and  itscom[)letion  to  Moutrose  l)y  making  a  thorough 
(M)  feet  wide  and  five  feet  deep  ahuij?  the  natural  channel  of  the 
r  chain.''  For  the  details  of  the  ])lan  adopted  I  would  respectfully 
e  your  sittention  to  iny  report  of  ,January  1,  1807,  and  to  the  report 
e  board  of  engineers  above  referred  to,  submitted  to  the  bureau 
13,  1807. 

e  following  instructions  from  headrpiarters  corps  of  engineers, 
ting  tue  to  proceed  at  once  to  carry  out  the  i)lan  of  imi)rovement 
ted  by  the  board,  were  received  by  me:        #  ♦  # 

plan  for  the  improvi'ment  of  the  Dfs  Moines  rapids  of  the  Mississippi  river,  hy  means  of 
al  cHTial  along  the  Iowa  shore,  nuaoimously  adopte'J  by  the  board  of  enj^ineers,  was 
:ted  to  the  Secretary  of  War  for  his  decision,  in  compliance  with  tlie  act  ot  Com^^ress 
red  March  ti,  l«67. 
views  of  the  board  in  relation  to  the  improvement  were  concurred  in,  and  the  plan 
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that  the  bid  of  Messrs.  William  Henegan  &  Sou,  of  Mount  Vernon,  Ohio, 
was  the  lowest,  and  with  whom  I  was  directed,  September  17,  to  enter 
into  contract  -'  to  the  extent  of  the  funds  appropriated,  namely :  $700,000, 
reserving  sufficient  to  meet  contingent  expenses."  On  the  25th  of  the 
same  month,  the  parties  having  furnished  the  required  ]>onds,  the  con- 
tract was  concluded,  and  the  contractors  were  directed  to  commence 
work  without  delay.  For  a  detailed  statement  of  the  amount  of  work 
done,  its  progress,  condition,  &c.,  your  attention  is  invited  to  the  accom- 
panying reports  of  my  assistants,  Captain  L.  C.  Overman,  United  States 
corps  of  engineers,  and  Mr.  D.  C.  Jeune,  United  States  civil  engineer. 
(See  Appendices  H  1  and  II  2.) 

In  accordance  with  instructions  from  headquarters  cordis  of  engineers, 
dated  January  20,  18G8,  directing  me  to  advertise  for  proposals  for 
furnishing  materials  aiid  labor  for  building  the  locks,  the  necessiiry 
advertisements  inviting  proposals  for  the  same,  to  be  opened  Ajml  15, 
1808,  ys'Qie  sent  to  eight  of  the  authorized  newspapers,  giving  six  con- 
secutive insertions  in  each.  This  portion  of  the  work  has  been  divided 
into  live  classes,  namely:  stone,  cement,  iron,  timber,  and  labor;  copies 
of  the  si)ecitications,  quantities,  &c.,  have  been  forwarded  to  you. 
Abstracts  of  proposals  (A])pendices  C,  D,  and  E)  are  herewith  submitted, 
from  which  it  will  be  seeu  that  the  following  named  persons  are  the  lowest 
responsible  bidders,  and  with  whom  I  was  directed,  May  2,  18G8,  to 
enter  into  contracts  whenever  there  shall  be  funds  available,  and  upon 
their  complying  with  the  requirements  of  the  law: 

Charles  E.  Tobie,  for  labor  on  the  guard  lock. 

James  Clark,  for  all  cement. 

C'harles  E.  Tobie,  for  all  iron. 

K.  Nelson  Gere,  for  all  timber. 

C.  G.  Ca«e  «&  Co.,  for  stone  for  the  guard  and  middle  locks. 

Charles  E,  Tobie,  for  stone  for  lower  lock. 

E.  Owen,  for  labor  on  lower  lock. 

Charles  E.  Tobie,  for  labor  on  middle  lock. 

As  yet  no  contracts  or  engagement  of  any  kind  have  been  entered  into 
with  any  of  the  above  parties.  For  the  entire  and  permanent  comple- 
tion of  this  work  the  sum  of  $1,480,000,  in  addition  to  the  $700,000 
already  appropriated,  will  be  required.  At  least,  enough  of  this  amount 
to  complete  the  locks  should  be  appropriated  without  delay,  as  the  parties 
to  whom  contracts  for  materials  and  labor  have  been  awarded  are  re^idy 
to  commence  work,  and  every  day  they  are  obliged  to  wait  delays  the 
completion  of  the  imi)rovement  a  similar  length  of  time. 

During  the  fiscal  year  ending  June  30,  1809,  the  sum  of  $850,000,  if 
appropriated,  can  be  profitably  expended  in  the  construction  of  the  locks 
and  in  making  the  Montrose  improvement,  in  addition  to  $430,000  for 
the  excavation  of  the  prism,  and  for  the  construction  of  the  embank- 
ment wall.  This  w  ork  is  located  in  the  first  collection  district  of  Iowa. 
The  nearest  port  is  St.  Louis,  Missouri,  at  which  place  there  was  collected 
during  the  last  fiscal  year — 

Import  duties. $1, 338, 206  63 

Hospital  duties 8, 624  46 

Tonnage  duties 27, 195  26 

Inspection  fees 12, 602  76 

Storage 2, 322  57 

Official  fees 4, 280  35 

1, 393, 331  03 
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ist  two  items,  L  e,,  storage  and  official  fees,  do  not  properlv 

[)  the  revenue  account. 

luudred  and  twelve  steamers,  with  a  registered  capacity  of 

>  tons,  and  98  barges  and  Hats,  of  28,572.05  tons,  are  oilicially 

as  belonging  to  this  port. 

letailed  statement  of  the  amount  of  commerce  and  navigation 

nefited  by  this  imjirovement,  I  would  respectfully  invite  your 

to  my  report  of  January  1, 1807,  since  which  time  no  additional 

have  been  collected. 

^tract  of  contracts  (Appendix  H  0)  is  herewith  submitted, 
[lowing  is  an  exhibit  of  cash  received,  expended,  and  remaining 
during  the  fiscal  year  ending  June  30,  1808: 

on  hand  June  30,  18G7 $2, 414  04 

received  from  the  United  States  treasury Ill,  007  98 

113,  422  02 
to  the  United  States  treasury,  in  obedience  to 
ir  Xo.  41,  dated  headquarters  cori)s  of  engineers, 
ber  7, 1807 5, 000  00 

108,422  02 
transferred  to  improvement  of  the  Rock 

rapids $126  00 

exi>euded* 98, 339  54 

98,405  54 

June  30,  1868 9, 956  48 


appropriated  June  23,  1866 $200, 000  00- 

appropriated  March  2,  1867 500, 000  00 

tal 700, 000  00 

expended  during  the  fiscal  year  ending 

0,  1868 $98,339  54 

transferred  to  imi)rovement  of  the  Eock 

rapids 126  00 

exiKjnded  previous  to  June  30,  1867.  . .     2, 585  96 

101, 051  50 

applicable  June  30,  1868 598, 948  50 

rom  this  amount  the  15  per  cent,  retained  from 
y  estimates  of  work  done  by  the  contractors,  as 
y  for  the  periormance  of  their  contract 12, 270  00 

available  June  30, 1868 586, 678  50 


3  year  ending  June  30,  1870,  the  sum  of  $1,  480,000,  the  entire 
lecessary  to  complete  the  work,  will  be  lequiied. 
of  the  various  plans,  maps,  &c.,  mentioned  in  the  report  of 
Overman,  will  be  transmitted  to  the  bureau  as  soon  as  they 
epared. 

lount  does  not  include  the  estimate  of  work  done  during  the  month  of  .Tune,  ]66d,. 
to  $21,^20,  including  the  15  per  cent,  retained,  which  was  not  paid  until  July  6. 
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Tin:  jmproat:3iext  of  the  rock  island  rapids  of  the  Mississippi 

RIVKR. 

TIm*  l>lan  recoil imoiuled  and  a(loi>ted  for  this  iniprovomeiit  is  the 
exc;iv{itioii  of  tlie  natural  eliaimel  so  as  to  give  a  width  of  200  feet,  ami 
a  na visible  depth  of  four  feet  at  extreme  low  water.  It  is  estiiiiatiHl 
that  about  58,0(10  cubic  yards  of  rock  will  have  to  be  removed. 

Ju  carrying'  into  ell'ect  the  instructions  of  the  department,  dated 
Washington,  April  10, 1807,  it  was  deemed  necessary  to  obtain  additional 
soundings  and  a  more  thorough  knowledge  of  the  riverbed  than  waspo?;- 
sibleinthelimited  time  and  means  at  my  disposal  dnringthe  survey  made 
in  the  fall  of  1800.  I  theretbre  directed  Brevet  Lieutenant  Colonel  P. 
C.  liains,  captain  of  engineers,  assisted  by  Lieutenant  E.F.  Ilofl'man.^^otli 
intantry,  Tnited  States  army,  (luring  the  spring  of  1807,  to  make  such  addi- 
tional surveys,  and  to  take  such  soundings  on  the  ditferent  chains,  as 
might  be  necessary  to  secure  accuracy  in  carrying  on  the  improvement. 
About  100,000  soundings  in  all  Avere  taken,  from  which  very  accurate 
<'haitsof  the  river  bed  have  been  projected.  For  a  full  and  interesting 
descri|)tioii  of  this  survey,  and  of  the  ingenious  nmnner  in  which  the 
soundings  were  taken,  1  would  resi)ectfully  invite  your  attention  to  the 
accompanying  report  of  Lieutenant  Hoffman,  (Ai)pendix  H8.)  Contract 
for  the  work  having  been  entered  intoduiing  the  fiscal  year  ending  June 
30,  18()7,  with  jVlessrs.  C.  G.  Case  &  Co.,  work  was  commenced  on  tbe 
18th  of  September  and  continued  until  the  10th  of  December,  1807,  and 
again  resumed  on  lilst  of  April,  LS(>8.  For  a  full,  complete  and  definite 
account  of  this  work,  together  with  the  causes  of  delay,  ^c,  1  would 
resprct fully  refer  to  the  report  of  my  assistant.  Brevet  Major  Charles  J. 
Allen,  ca[)taiu  cor])s  of  engineers,  herewith  submitted.  (Appendix  G.) 
In  accordance  witli  instructions  from  headquarters  corps  of  engineers, 
dated  Washington,  I).  C,  May  4, 18()8,  aii  advertisement  inviting  proposals 
for  continuing  this  improvement,  to  be  opened  at  l)aveni)ort,  Iowa,  June 
10,  was  sent  to  several  of  the  leading  authorized  newspapers  of  the 
country,  and  given  six  consecutive  insertions  in  each.  But  two  bids 
were  received,  an  abstract  of  which  is  herewith  submittinl  {Aj)]>endix  I,) 
from  which  it  will  be  se(Mi  that  the  i)roposal  of  Messrs.  Case,  Van  Wag- 
ener  and  Harroun,  of  Fulton,  K.  Y.,  was  the  lowest,  their  bid  being 
§11  oO  ])er  cubic  yard,  and  to  whom  the  award  was  made  in  accordance 
with  engineer  dei)artment  letter  dated  June  20,  1808,  with  diivction 
to  contract  with  them  as  soon  as  an  ai)]>ropriation  is  made  by  Con- 
gress for  continuing  the  work,  ^o  special  ai)i)ropriation  was  made, 
however,  during  this  tivscal  year.  But  it  is  anticipated  that  a  portion  of 
the  a])propriation  made  by  Congress  ''  for  the  repair,  i>reservation, 
extension,  and  completion  of  certain  public  works  on  harbors  and  rivers."^ 
will  be  made  availalde  for  this  work,  in  which  case  a  contract  will  In? 
made  with  the  above  mentioned  luirties. 

About  J!«.jr)0,000  will  be  required  for  the  entire  and  permanent  com- 
])letion  of  this  imi)rovement,  which  amount,  if  ai4)roi)riated  witliout 
delay,  can  beprotitably  expended  during  the  next  fiscal  year. 

The  work  is  located  in  tlie  secimd  Iowa  collection  district,  the  neai'est 
port  of  entry  is  Chicago,  Illinois;  the  collections  upon  customs  at  thispte 
is  not  known. 

I'ora  statement  of  the  amount  of  commerce  and  navigation  which 
would  be  benefited  by  the  completion  of  this  work,  I  would  invite  your 
att<'ntion  to  my  report  of  January  1,  1807,  since  which  time  no  new  sta 
tistics  have  been  <'olle(*ted.     An  abstract  of  proposals  received  at  the 
letting  held  at  Davenport,  Iowa,  June  10, 1808,  and  one  of  contracts 
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kiikee  to  the  junction  of  the  hitter  Avith  the  De.s  Phuiies,  and 
eompletion  of  this,  in  a  simihir  examiniition  of  the  h)\ver  Fox 
Aurora.  On  September  18,  the  main  party  had  reached  La 
e  lower  terminus  of  the  Illinois  ami  Miehi.i>an  eanal,  andcom- 
tlie  resurvey  of  the  river.  On  October  15,  when  tlic  ]>arty 
Jhillicothe,  Mr.  Gritlin  was  relieved  from  his  charge  by  Civil 
r  Assistant  H.  A.  Ultt'ers.  In  the  meantime  tlie  party  under  the 
f  Mr.  Keefer,  having  tinished  the  examination  of  Fox  river,  had 
}  the  survey  of  the  lower  portion  of  the  Illinois  river,  beginning 
oot  of  Grand  Island  and  completing  their  work  at  draft  on, 
e  mouth  of  the  Illinois.  Connection  with  their  initial  point  at 
of  (rran<l  Island  was  made  by  the  main  party  on  November  8, 
ipleting  the  entire  survey.  The  two  parties  were  discharged  at 
and  Peoria,  respectively,  with  the  exception  of  the  engineers  in 
and  of  Mr.  H.  G.  Palfrey,  in  charge  of  the  level,  who  were 
to  I)aveniM)rt  to  workup  the  results  of  the  survey, 
d  party  had  been  organized  latt^  in  August,  when  the  water  had 
its  lowest  stage,  for  tlie  hydrograidiical  survey  of  the  shoaler 
L  the  river  below  La  Salle.  This  party  was  under  the  charge 
Engineer  Assistants  L.  L.  Nichols,  and  Robert  K,  McMath,  but 
lols  being  obliged  to  go  east  for  some  time.  Civil  Engineer  Assist- 
L.  L'lffers  was  directed  to  take  charge,  until  ]\Ir.  Nichols  should 
Thisi)arty  made  a  careful  and  minute  survey  of  the  riser  bed 
ices  where  the  low  water  depth  was  less  than  four  feet,  and  had 
>mpleted  the  work  when,  unfortunately,  the  winter  season  set  in, 
er  2,  with  such  severity  as  to  render  all  further  operations  in  the 
possible.  ]\Ir.  McMath  was  ordered  to  report  at  I)aven})ort  to 
the  office  work,  the  rest  of  the  party  were  linally  discharged  at 
A  skeleton  map  of  the  Illinois  river,  on  a  scale  of  two  inches 
ile,  bas<Ml  on  the  surveys  of  the  General  Land  Oliice,  the  several 
rveys,  and  the  Preston  survey,  had  already  been  prei»ared  dur- 
fall,  by  Mr.  Matthewson,  civil  engineer  atLock[)ort.  Mr.  Keefer 
doyed  to  finish  this  map,  embodying  in  it  all  tlu^  information 
I  by  the  survey.  This  large  map  is  now  tinished  all  but  the  let- 
Mr.  McMath  mad(i  a  full  rei)()rt  on  the  hydrography  of  tlie 
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different  points  of  the  valley  in  two  sheets,  on  a  scale  of  four  inches  to 
the  mile,  were  drawn  by  Assistant  H.  A.  Ultt'ers.  A  report  on  the  Held 
operation  of  this  sm^vey,  embodying  also  the  results  of  the  hydrograpli- 
ical  and  leveling-  operations,  were  prepared  and  submitt^^d  by  the  same 
assistant.  The  results  obtained  by  this  survey,  combined  with  those  of 
the  former  surveys,  will  furnish  all  data  required  for  the  full  consideration 
of  all  questions  relating  to  the  improvement  of  the  river,  excei)t  such  as 
relate  to  the  definite  location  and  construction  of  the  dams  and  locks ;  to 
determine  these  points  si)ecial  surveys  will  be  necessary.  Tlie  improve- 
ment recommended  is  the  widening  and  deepening  of  the  present  canal 
from  Bridgepoit  to  the  head  of  Lake  Joliet,  with  the  exception  of  a  sec- 
tion of  11 J  miles  between  Summit  and  ''The  Sag,"  where  it  will  be 
cheaper  to  excavate  an  independent  canal.  From  I^ake  Joliet  to  ^lar- 
seilles  the  line  is  to  follow  the  bed  of  the  river,  the  necessary  depth 
being  secured  by  a  system  of  dams  and  locks.  At  ^larseilles  construct 
a  piece  of  independent  canal  in  order  to  pass  the  Grand  Rapids  of  the 
Illinois,  striking  the  river  again  at  or  above  Ottawa;  thence  to  the 
mouth  of  the  river  the  necessary  navigation  is  to  be  secured  by  a  sys- 
tem of  dams  and  locks.  The  width  of  the  canal  to  be  not  less  than  IGO 
feet,  and  the  navigable  depth  six  feet  below  the  lowest  known  level  of 
the  water  in  Lake  JNEichigan.  The  present  summit  level  to  be  cut  down 
so  as  to  secure  this  dei)th  in  the  canal  from  the  inexhaustible  reservoir 
of  Lake  Michigan.  The  locks  to  be  350  feet  long  between  the  gates,  75 
feet  wide  in  the  chamber,  and  to  give  a  mininum  draught  of  seven  feet. 
The  slack  water  of  the  Illinois  to  be  made  so  as  to  secure  a  navigable 
depth  of  seven  feet  at  lowest  water. 

ESTIMATED  COST  OF  IMPROVEMENT. 

1.  Chicago  to  Lockport,  29  miles $11,  249, 173  98 

2.  Locki)ort  to  head  of  Lake  Joliet,  7  niile^ 2, 995, 546  53 

3.  Thence  to  Marseilles,  49  miles, 1,  29f J,  800  77 

4.  Marseilles  to  Ottawa,  6  miles 93<S,  380  75 

5.  Ottawa  to  La  Salle,  17  miles G83,  7.34  53 

6.  La  Salle  to  mouth,  223  miles .- 1, 953,  iM)  00 

Total 18, 217,  242  56 


The  upper  part  of  the  work  is  located  in  several  collection  districts  of 
Illinois. 

There  is  no  port  of  entry  near  it,  nor  any  fort;  the  Chicago  light- 
house is  near  its  upper  terminus.  For  the  amount  of  commerce  ami 
navigation  that  would  be  benefited  by  the  completion  of  this  impi-ove- 
nuiut,  see  report  dated  Davenport,  Iowa,  February  15, 18G7,  which  would 
be  increased  rather  than  decreased  since  that  date. 

Statement  of  cash  received  and  expended  on  account  of  the  examina- 
tion and  survey  of  western  and  northwestern  rivers,  ax)plied  to  the  con- 
tinuation of  the  siu'vey  of  the  Illinois  river,  during  the  fiscal  year  end- 
ing June  39,  18(>8: 

Amount  on  haiul  July  1,  1807 $3, 029  69 

Amount  received  from  the  United  States  Treasurer 24, 190  00 

Amount  received  from  the  sales  of  public  property 273  23 

28, 092  94 
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Brought  forward 828,092  94 

deposited  to  the  credit  of  the  Treasurer  of  the 

i  Suites 273  25 


27,819  09 
expended 27, 124  M 

on  hand  June  30, 1868 mr^  33 


warding  this  report  I  take  the  libeii:y  of  again  calling  the  atteu- 

he  bureau  to  the  necessity  of  having  all  tlic  means  required  to 

le  improvement  of  the  upper  and  lower  rapids  of  the  ^lissis- 

the  earliest  possible  date,  so  that  the  entire  work  may  be  i)ut 

L)ntract  and  pushed  rajiidly  to  completion.    The  interests  of 

;e  and  navigation  demand  these  improvements,  and  as  no  part 

•  will  be  of  any  advantage  till  it  is  all  done,  it  is  to  be  hoped 

amounts  called  for  in  the  estimates  will  be  appropriated  atf  an 

r  during  the  next  session  of  Congress.    Every  year's  delay  costs 

itry  as  much  as  would  be  required  to  defray  the  exi)enscs  of 

on  the  unprovement  for  the  corresponding  period. 

also  to  call  attention  to  that  part  of  my  report  dated  Scptem- 
867,  discussing  the  difficulty  of  carrying  on  iiublic  works  eco- 
y  under  the  present  system  of  laws  regulating  contracts,  and  to 

mv  recommendation  for  a  modification  of  the  sanies  I  take 
?asure  in  assuring  the  bureau  that  there  seems  to  be  no  reason 
r  for  doubting  that  the  improvements  now  in  progress  will  |)rove 
efficacious  in  removing  the  present  obstructions  to  navigation  at 
5  upper  and  lower  rapids,  and  hence  the  importance  of  com- 
heni  as  soon  as  possible.  Before  closing  this  report  I  dcsir<»  to 
^nd  my  assistants  Brevet  Major  C.  J.  Allen,  captain  United 
igineers;  L.C  Overman, captain  United  States  engineers;  E.  F. 
,  2d  lieutenant  3r)th  United  States  infantiy ;  D.  S.  Jeune,  UiiitcHl 
i\ll  engineer;  H.  A.  Ulffers,  Robert  E.  McMath,  J.  P.  Frizele, 
^.  Keefer,  O.  L.  Wetmore,  and  B.  Hudson  Worrall,  civil  engi- 
stants;  my  clerks,  Mr.  John  P.  Hains  and  Mr.  J.  W.  Mass,  and 
ghtsmen,  William  Hormuth  and  C.  J.  Pauli,  to  the  tavor  of  the 

These  gentlemen  have  discharged  the  various  laborious  and 

duties  with  which  they  have  been  charged,  with  marked  abilitv^ 

lity. 

iry  respectfullv,  your  obedient  servant, 

J.  H.  WILSON, 

I/ieutenant  Colonel  Sijth  Infantry j  BvH  Maj,  General  U,  S,  A, 

^Major  General  A.  A.  Hu^ipiireys, 
lief  of  Engineers^  Headquarters  Corps  of  Engineers^ 

Washington y  2>.  C 


H  1.- 

Improvement  of  the  I)es  Moines  rapids. 

United  States  Engineer  Office, 

Keokuk,  Iowa,  July  31,  1S08. 

iXL,:  In  accordance  with  verbal  instructions  given  mc  on  the 
ant,  I  have  the  honor  to  submit  the  following  report : 
,  in  compliance  with  engineer  orders  Xo.  120,  dated  headquar- 


T 
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tors  c*or])s  of  eiiftiueers,  Wtisliington,  District  of  Columbia,  Noveniboro, 
1807,  reported  to  you  at  Davenport,  Iowa,  I  was  assigned  to  duty  at 
Iowa,  by  the  followini,^  order : 

United  States  Engineer  Office. 

Davenport^  Iowa,  November  2l>,  1'?(>T. 

II.  Captain  Lewis  C.  Overman,  United  States  eng-ineers,  liaving"  reported  nt  this  office 
in  j)ursuHiice  of  enpiiieer's  orders  No.  1'20,  Ex.  7,  dated  headquarters  corps  of  enpiuecrs, 
November  r>,  18()7,  will  procee*!  to  Keokuk,  Iowa,  at  which  place  he  is  assiprned  to  rluty  as 
inspe-tor  of  the  canal  for  tlie  iuipr.)veiiieut  of  the  De.s  Moines  rapids  of  the  Mississippi  river. 
In  addition  to  the  duties  of  inspecting  the  work  as  it  progresses,  Captain  Overman  is  chHrtred 
witli  the  supervision  of  the  draug^htin^  and  mappiufr  which  may  be  ueces.sary  for  t;iat 
improvement.  He  will  also  rentier  himself  familiar  with  the  practical  use  of  surveying 
instruments,  and  will  supervise  the  estimates  of  work  done,  and  of  funds  required,  repnitino; 
weekly  to  this  oflice  the  prop;ress  of  tlie  work,  together  with  such  faets  as  are  of  interest  or 
importance.  He  is  particularly  charj^ed  with  the  duty  of  makin*;  himself  familiar  with  the 
reports,  plans,  and  contracts  relating^  to  the  work,  and  the  ji^atherinpf  of  stich  additional 
infoimation  in  reference  to  it  and  the  hydraulics  of  the  river  at  tlie  lower  rapids,  as  uiay  be 
within  reach.  It  is  not  intended  by  this  order  that  Captain  Overman  shall  in  any  way 
interlere  with  the  duties  of  Mr.  D.  C.  Jeune,  United  States  civil  enjrineer,  in  local  eharge 
of  the  construction  of  the  canal. 

J.  H.  WILSON, 
,  Lieut.  Col.  35//*  Infartry,  Brevet  M"j.  Gen.  U.  S.  A. 

In  addition  to  the  above,  verbal  instructions  were  also  ^iven  m^  by 
yourself  to  investi;;ate  the  sul)jeet  of  '^claims  for  land  (laina;r<*d  or 
appropriated  in  tiie  eonstruetion  of  the  eaual."  On  the  4th  of  Decem- 
ber, in  company  with  yourself,  1  proceeded  to  Keokuk  and  prei)arecl  to 
foHow  out  the  i)rovisi()iis  of  the  ab(»ve  orders.  The  work  of  ''  excavating 
the  prism  and  C()nstructin<»'  the  embankment  wall''  of  the  canal  luul 
been  couiuienced  on  the  8th  of  October,  by  ^lessrs.  Hen(**ran  &  8oii, 
contractors  for  the  same,  but,  owing  to  the  small  force  employed,  the 
work  had  made  but  little  progress.  On  November  30,  1807,  (four  days 
previous  to  my  arrival,)  the  condition  of  the  work  was  as  follows:  Tot;il 
aiuount  of  earth  excavation,  0,584  cubic  yards;  embankment,  0,75() 
cubic  yards;  ripi-ap,  2,.j75  cubic  yards.  This  was  distributed  as  fol- 
lows : 

At  Nashville:  Earth  excavation,  1,400  cubic  yards;  embankment, 
(borrowed.)  4,050  cubic  yards ;  ripra]),  (borrowed,)  2,300  cubic  yards; 
which  foriued  a  river  emljankment  extending  from  station  32  to  station 
40x80,  a  distance  of  880  feet,  averaging  seven  feet  above  surface  of 
water,  1(\  feet  wide  on  top,  and  i)rotected  by  riprap  on  the  outside  slope 
for  an  average  height  of  live  feet. 

At  Sandusky:  Earth  excavation,  2,093  cubic  yards:  riprap,  (bor- 
rowed,) 185  cubic  yards;  which  formed  an  embankment  on  the  tlats 
extending  from  station  180  to  station  100,  a  distance  of  1,300  feet, 
averaging  six  teet  high,  seven  feet  wide  on  top ;  the  last  200  feet  being 
in  the  river,  was  proteitted  on  the  outside  slope  by  riprap  for  an  aver- 
age h(»ight  of  live  feet  above  surface  of  water. 

On  railroad  work:  Earth  excavation,  3,083  cubic  yanls ;  earth  embank- 
ment, (borrowed,)  0,148  cubic  yards;  which  tV)rmed  a  new  line  of  railroad 
grade  for  5,500  feet.  Since  that  time  work  has  progressed  with  variable 
success,  at  all  times  slowly,  owing  principally  to  want  of  sufficient  men 
and  machinery ;  at  times  entirely  susi)ended  by  the  weather,  strikes,  and 
high  stage  of  water  in  the  river.  Every  ettbrt  was  nmde,  and  every 
means  adopted  to  induce  the  contractors  to  push  their  work  more  vigor- 
ously, and  to  avail  themselves  of  several  favorable  opportunities  that 
were  oft'ered  them.  Want  of  force  and  a  failure  on  the  part  of  the  con- 
tractors to  realize  the  magnitude  of  the  improvenu'ut,  and  the  work 
necessary  for  them  to  i»erform,  for  a  long  tinu^  i)revented  our  effortvS 
being  met  w  ith  a  proper  response  in  energy  on  the  part  of  the  contract- 
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ontiiuied  repetition  of  these  su.ijfjrostions  and  urgiiifr  finally  awoke 
a  proper  realization  of  the  eoiulition  of  atlairs.  Hinee  that  time 
k  has  profrre.ssed  more  satisfactorily.  Tiie  work  ptM'formed  has, 
:\  as  a  rnle,  been  of  ^ood  charaeter,  and  complies  with  the 
aents  of  the  specifications.  A  daily  record  of  the  progress  of 
k,t()gether  with  the  force  enii)loyed,has  been  kept  at  this  oliice, 
in  which  weekly  and  monthly  reports  have  been  made  to  you. 
» I  would  respectfully  refer  for  details  and  ])articulars.  Extieme 
ither,  ice  and  storms  during*  January  and  February,  delayed  the 
nsiderably,  while  heavy  and  continued  rains  durin<::  March  and 
lusing  unusual  high  water  in  the  river,  interfered  with  its  ju'o- 
11  further. 

e  30th  of  June,  1808,  the  condition  of  the  work  was  as  follows  : 
nount  of  earth  excavation,  100,153  cubi<'  yards;  earth  embank- 
>,l-3  cubic  yards;  lining  material,  1,307  cubic  yards;  rijnap, 
ibic  yards;  rock  excavation,  1,430  cubic  yards;  new  j)ublic  road 
!7  rods;  new  public  road  partially  built,  ir)0  rods;  railroad 
H  mile.  Total  amount  of  railroad  superstructure  changed,  0.04: 
his  work  was  distributed  as  follows: 

shville:  Earth  excavation,  13,183  cubic  yards;  rock  excavation, 
l)ic  yards;  earth  embankment,  (borrowed,)  14,41.")  cubic  yards; 
4,404  cubic  yards ;  which  formed  a  river  eml)aidvment  extend- 
station  32  to  station  oOx^i^,  a  distance  of  2,730  feet,  averaging 
iibove  surface  of  water,  15  feet  wide  on  toj),  protected  on  the 
do])e  by  riprap  for  an  average  height  of  10  feet. 
^-mediate  points  between  Nashville  and  liick(\v's  Point :  Kiprap, 
jic  yards,  which  was  ex])ended  in  forming  the  base  or  ^'toe'*  of 
J)  wall,  being  six  feet  wide  on  top  and  carried  up  to  surface  of 
The  various  points  together  gave  132,000  i'vd  of  this  base  of 
11  borrowed  material,  excex>t  the  1,430  cubic  yards  of  rock  exca- 

ndusky:  Earth  excavation,  38,218  cubic  yards;  riprap,  0,000 
irds;  which  formed  an  end)ankment  on  the  fiats  in  the  river 
g  ti-oui  station  175  to  station  215,  a  distance  of  4,000  feet,  aver- 
feet  high,  10  feet  wide  on  t^)p,  and  luotected  with  riprap  on 
ide  slope  for  an  average  height  of  seven  feet, 
(•key's  Point:  Earth  excavation,  38,707  cubic  yards;  riprap, 
l>ic  yards;  which  fonned  an  embankment  on  the  fiats  and  in  the 
ending  from  station  215  to  station  244,  a  distance  of  2,000  feet, 
ig  12  feet  height,  15  feet  wide,  and  protected  with  rii)rap  on  the 
or  1,200  feet  of  the  distance,  averaging  10  feet  in  height.  The 
rii)nip  is  extended  850  below  the  end  of  the  earth  bank ;  aver- 
h  at  surface  of  water,  4  feet. 

ce's creek:  Earth  excavation,  15,504  cubic  yards;  riprap,  3,020 
rds ;  which  formed  an  embankment  on  the  fiats  and  in  the  river 
tioD  200  to  station  315,  a  distance  of  1,000  feet,  averaging  0  feet 
t,  20  feet  wide  on  top,  and  protected  with  ri])rap  on  the  outside 
•  1,000  feet,  averaging  six  feet  in  height.  The  "toe"  of  riprap 
ded  1,300  feet  below  the  end  of  the  earth  ejnbankment,  and 
\  4  feet  wide  at  surface  of  water. 

Iroadwork:  earth  excavation,  3,451  cubic  yards;  earth  embank- 
,708  cubic  yards;  lining  material,  000  cubic  yards;  change  of  line 
rid,  0.037  inile;  public  road  comi)l(4ed,  15oVods.  This  formed  a 
road  giade  for  one  and  a  half  mile,  and  the  ties  and  iron  have 
nged  on  0.037  nule.  It  will  be  seen  from  the  above  that  thus 
contractors  have  not  i)erformed  their  due  proportion  of  the 
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work  assigned  tliem,  in  order  to  comi>lete  the  same  in  the  time  called 
for  by  the  terms  of  the  contract.  The  total  amount  of  work  done  up  to 
June  30,  18G8,  has  been  $103,020;  whereas  to  complete  the  work  in 
the  contract  time,  their  estimates  sliould  have  amounted  to  $225,000. 

Steps  have  been  taken  to  hurry  on  the  work,  and,  from  present  ap- 
pearances, their  future  estimates  will  be  much  heavier.  The  various 
field  operations  for  the  above  work  were  i)erformed  for  a  time  by  Civil  En- 
gineer Assistants  E.  Bennett  and  J.  II.  Striedinger,  then  by  Civil  Eagi- 
neer  Assistants  E.  Bennett  and  E.  H.  Worrall,  and  finally  by  Civil  Engi- 
neer Assistants  O.  L.  Wetmore  and  E.  H.  Worrall.  The  above,  with  the 
necessary  chainmen,  rodmen,  &c.,  were  employed  daily  during  this  time 
in  locating  the  line  of  canal,  taking  levels  for  the  same,  laying  out  and 
superintending  work,  taking  soundings,  estimating  quantities  of  work 
X)erformed  monthly,  and  in  calculating  monthly  estimates;  all  under 
the  general  supervision  of  United  States  Civil  Engineer  I).  C.  Jeune 
and  mvself. 

OFFICE  WORK. 

The  following  maps,  plans,  &c.,  have  been  prepared  up  to  June  30, 
1808,  by  Civil  Engineer  Assistant  G.  A.  Keefer  and  W.  Hormuth: 

1.  Map  showing  approximate  location  of  centre  line  of  canal,  (two 
sheets.) 

2.  Profile  of  the  Iowa  shore  from  Nashville  to  Keokuk. 

3.  Profile  of  the  Illinois  shore  from  Nashville  to  Keokuk. 

4.  Plat  of  soundings  taken  in  Nashville  harbor,  with  tracings,  (two 
sheets.) 

5.  Plat  of  soundings  taken  in  Keokuk  harbor,  with  tracings,  (two 
sheets,) 

6.  Plat  of  soundings  taken  in  vicinity  of  Price's  creek,  with  tracings, 
(two  sheets.) 

7.  (leneral  profile  of  embankment  with  tracings  of  same. 

8.  General  i)lan  for  railroad  bridges  on  the  new  line  of  railroad,  (three 
sheets,)  with  tracings  of  same. 

9.  Maps  showing  proi)osed  location  of  guard  lock,  with  ti'acing. 

10.  Maps  showing  proi)Osed  location  of  middle  lock,  with  traeing. 

11.  Maps  showing  proposcnl  locution  of  lower  lock,  with  tracing. 

12.  Maps  showing  approved  location  of  guard  lock,  with  tracing. 

13.  Maps  showing  approved  location  of  middle  lock,  with  tracing. 

14.  Maps  showing  apjiroved  location  of  lower  lock,  with  traeing. 

15.  General  map  of  the  Des  Moines  liapids  of  the  Mississippi  river, 
on  three  sheets,  with  tracings. 

1(».  Maps  showing  location  and  qiuintity  of  land  damaged  by  the 
construction  of  canal,  four  sheets,  with  tracings. 

17.  Plan  of  the  guard  lock  in  duplicate. 

18.  Plan  of  the  middle  lock  in  dui)licate. 
10.  Plan  of  the  lower  lock  in  duplicate. 

20.  Plan  of  the  ])ier  at  head  of  guard  lock. 

21.  Plan  of  the  pier  at  foot  of  lower  lock. 

22.  Plan  showing  details  of  recess  corners  of  locks. 

23.  Plan  showing  details  of  hollow  quoins  of  locks. 

24.  Plan  showing  details  of  mitre  sills  of  locks. 

2.").  Plan  showing  details  of  valve  platforms  of  locks. 
20.  Plan  showing  details  of  iron  work  for  locks. 

•  In  addition  to  the  jfl)ove  there  has  been  plotted  a  cross-section  of 

*  Nos.  l*<i,  13,  and  1 1,  and  J 7  to  26,  were  prepared  for  the  lotting  of  the  lock  work,  which 
took  place  April  15,  18QQ. 
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janal  taken  at  right  angle  to  the  axis  for  every  50  feet  of  the  axis, 

i  ing  the  surface  ground  and  bed  of  river  as  i)assed  over  by  the 

il.     These  cross-sections  give  the  amount  of  excavation  and  till  at 

e  i)oints,  and  approximately  for  the  neighboring  50  feet. 

om  these  cross-sections^  thus  taken,  the  approximate  monthly  esti- 

l\s  are  calculated. 

msiderjible  time  and  labor  has  been  given  by  Assistant  G.  A.  Keefer 

le  finishing  up  of  a  map  showing  the  result  of  the  survey  between 

i  Michigan  and  the  Mississippi,  along  the  line  of  the  Illinois  and  its 

itaries,  for  the  best  line  for  a  i)ropo8ed  ship  canal  between  the  lake 

river. 

LAND  DAMAGES. 

b  the  earliest  opportucity  consistent  with  other  duties  I  proceeded 
irry  out  your  verbal  instructions  regarding  claims  for  land  damaged 
appropriated  for  the  use  of  the  canal.  I  found  that  Mr.  Alonzo 
rmore,  civil  engineer,  and  formerly  an  assistant  on  this  imi)rove- 
t,  had,  previous  to  my  arrival,  been  directed  to  make  similar  investi- 
)ns.  He  had  located  nearly  all  claims  of  parties  interested,  ascer- 
m1  the  owners  of  said  land,  caused  .surveys  of  the  boundaries  of 
and  to  be  made,  and  had  approximate  maps  of  the  said  land  plotted. 
[)on  the  10th  of  December  I  addressed  a  circular  letter  to  all  parties 
ing  claims  against  the  government,  calling  upon  them  to  inform  me 
I  what  terms  they  were  willing  to  settle  their  claims  with  the  gov- 
lent.  Upon  information  thus  furnished,  I  drew  up  a  report  in  which 
those  who  were  willing  to  make  a  settlement  at  the  average  prica 
milar  land*'  were  embodied  in  one  class,  while  those  whose  claims, 
y  opinion,  were  unreasonable,  but  who  were  willing  to  settle  under 
M  laws  of  Iowa,  formed  a  second  class.  This  report  was  forwarded 
he  20th  of  December,  18G7,  and  was  by  you  forwarded  to  the  engi- 
department. 

I  the  8th  of  January,  18G8, 1  received  through  Brevet  Major  C.  J. 
[1,  an  othcial  copy  of  a  communication  addressed  to  you  by  the  engi- 
dei)artment,  of  which  the  following  is  a  copy  : 

HfcADQUARTERS  CORPS  OF   EnOINEFRS, 

fVashington^  D.  C,  January  3,  1^68. 

(BRAL:  A  special  appropriation  wiH  be  asked  to  indemnify  the  owners  of  property 
possession  of  or  damaged  by  the  construction  of  the  canal  around  the  Des  MoiLos 
,  and  to  cover  the  law  expenses  incident  to  the  proper  adjudication  of  the  claims 
or. 

ppears  from  the  report  of  Captain  Overman,  transmitted  by  yon  with  your  letter  of  the 

>f  December,  that  the  claims  of  those  willing  to'make  a  reasonable  settlement  (class  I 

report)  amount  to  §15,500;  but  the  list  of  those  willinp^  to  leave  thoir  claims  to  a  jury 

2)  is  incomplete,  and  no  estimate  of  the  whole  probable  amount  reqnire<)  can  be  made 

rom  in  this  office.     You  will,  therefore,  transmit  estimates  in  detail  showings  the  names 

ners,  amount  of  land  damap^ed  by  occupation,  overflow,  or  otherwise ;  amount  of  crops 

s-ed,  improvements  to  be  removed  or  destroyed,  &c  ,  &c.,  as  well  as  amount  required 

^al  K»'rvices  and  other  incidental  expenses,  that  the  same  may  be  submitted  to  the  Sec- 

of  War  for  the  purpose  abt»ve  mentionod. 

Very  respectfully,  your  obedient  servant, 

A.  A.  HUMPHREYS, 
Brigadier  Oeneral  of  Engineers  ^  Commanding. 
vet  Major  General  J.  H.  Wilson, 
Lieutenant  Colonel  35f/i  Infantry^  Davenport,  Iowa, 

compliance  with  the  above  letter,  I  forwarded  on  the  14th  of  Janu- 
18^58,  an  approximate  estimate  of  the  qn^ntity  and  vahie  of  land 
iged  by  this  improvement,  with  an  approximate,  estimate  of  tho 
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funds  required  to  settle  the  classes  for  said  lands.    This  estimate  was, 
1  think,  forwarded  by  you  to  tlu»  eni^ineer  <lepartnient. 

As  the  laws  of  the  State  of  Iowa  were  found  to  be  inadequate  for  the 
case,  it  was  deemed  advisable  to  have,  if  possible,  a  special  law  j^assed 
eoveriuf];;  the  case.  Tlirou»»*]i  the  kindness  and  mrtuenee  of  ex-Governor 
Lowe,  of  Iowa,  such  a  bill  was  drawn  up  and  presented  to  the  legisla- 
ture of*  the  State,  and  was  by  them  passed  during;-  their  last  session. 

In  conformity  with  and  under  the  articles  of  this  law,  a  commission 
of  freeholders  was  appointed  in  Aj)ril  by  the  sherilf  of  Lee  county,  who 
proceeded  t )  investigate  and  decide*  all  chiims  arisinjj^  out  of  this  im 
provement.  Tliis  commission  has  not  yet  finished  its  labors,  so  that  no 
report  of  their  proceedings  can  be  furnished. 

Coi)ies  of  all  i)apers,  mai)s,  &c.,  concerning'  the  subject,  which  were  in 
the  i)()Ssession  of  this  office,  were  furnished  the  commission,  and  every 
aid  given  them. 

Tlie  United  States  divstrict  attorney  of  the  State  of  Iowa,  having  notified 
me  on  the  2Ud  of  Jaiuiary  that  he  had  been  directed  by  the  Attorney 
General  of  the  United  States  to  take  charge  of  and  rei)resent  the  goveru- 
ment  in  all  suits  connected  with  this  imi)rovement  to  which  it  (the  gov- 
ernment) was  a  party,  and  at  the  sanu>  time  having  notified  me  that  his 
assistant,  Hon.  1).  F.  ^filler,  would  represent  him,  I  authorized  the  sjiid 
Hon.  D.  F.  ]\riller  to  attend  to  these  claims  and  rei)resent  the  government 
before  the  commission. 

The  fact  that  no  authority  to  negotiate  the  right  of  way  was  granted 
in  the  bill  making  the  api>ropriation  for  this  improvement,  and  the  con- 
seipient  inability  of  the  officer  in  ('harge  to  make  any  arrangemeiits  with 
the  land-owners,  has  be(»n  not  only  a  source  of  nuich  vexation,  tnmhle, 
and  delay,  but  will  eventually  result  in  considerable  pecuniary  loss  to  the 
government.  Had  authority  been  granted  in  the  bill  to  use  a  portion  of 
the  appropriation  to  i)ay  for  the  right  of  way,  favorable  terms  could  hi 
most  cases  have  been  secured  with  tlie  claimants,  as  they  all  preferred  to 
settle  without  appeal  to  law,  and  would  have  taken  much  less  per  acre, 
with  the  amount  of  claim  paid  immediately,  than  under  the  uncertainty 
which  now  exists;  besides  coming  before  a  commission  with  their  claims, 
they  put  the  amount  of  said  claim  at  the  highest  figure.  In  one  or  two 
instances  permission  to  enter  upon  the  land  until  the  claim  had  been 
settknl  was  refused,  and  injunctions  were  taken  out  to  restrain  us  from 
trespassing.  These,  of  course,  were  the  source  of  much  delay,  but  were 
finally  compromised  or  withdrawn. 

Respectfully  submitted. 

L.  COOPER  OVERMAN, 
C(i2)tain  Corps  of  Entjineen, 

Brevet  Major  General  J.  H.  Wilson,  U.  S.  A., 

Lieutenant  Colonel  35^/^  Infantry, 


H  2. 

Improvement  of  the  Des  Moines  Bapids. 

United  States  Engineer  Office, 

Keokulc,  loir  a,  July  9,  ISGS. 

General  :  In  comi)liance  with  your  verbal  instructions,  I  have  the 
honor  to  make  the  following  report  of  the  progr(\ss  of  the  work  for  the 
improvement  of  the  uavigatioii  of  the  3Iississippi  river,  at  Des  Moines 
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or  Lower  rapids,  (laving  the  fiscal  year  ending  June  30,  ISGS,  and  its 
condition  at  that  date. 

The  section-work  of  the  canal  for  this  improvement  was  jHaced  under 
contract  on  the  25th  of  September,  18G7,  with  Messrs.  William  and  John 
Ilenegan,  of  Mount  Vernon,  Ohio,  at  juices  contained  in  their  inoposals 
l>resented  at  a  letting  hehl  at  Davenpcut,  Iowa,  September  4,  1807.  The 
aggregate  of  their  bid  for  the  work  was  STll,!)")!),  which  was  8438,084 
below  the  estimated  cost.  On  the  8th  of  October  the  contractors  com- 
menced work  at  the  head  of  the  camd  atXashville,  by  buihling  a  temi)o- 
rary  guard-bank  from  the  shore  at  head  of  gumd-lock  out  to  the  line 
of  embaidvuient,  as  a  necessary  stej)  preparatory  to  extending  down  the 
river  the  outside  canal  bank  and  riprap  wall.  Since  that  time  this  work 
has  slowly  progi^ssed,  at  all  times,  (except  during  the  high  water  in  the 
river  in  the  months  of  Mnrch,  April,  and  May,)  and  at  this  date  the 
bank  and  outside  riprap  wall  is  nearly  completed  for  1,200  feet.  The 
foundation  of  the  riprap  wall  hiis  been  extended  4,100  feet  further,  and 
a  portion  of  the  bank  built,  inside  of  the  foundation  of  the  rii)rap,  for 
about  1,000  feet  of  this  last  distance*.  On  the  22d  of  October  the  grad- 
ing of  the  new  line  for  the  change  in  the  Keokuk  and  St.  Paul  railway 
was  commenced,  and  the  work  mostly  completed  in  the  numth  of  Novem- 
ber. The  new  line  is  one  and  a  half  mile  long,  extending  from  San- 
dusky dei)ot  south  to  Kickey's  station.  About  one-half  of  the  track 
or  sui)erstriuiture  has  been  changed  from  the  old  to  this  new  line,  and 
the  balance  will  be  in  the  next  10  days. 

Al)out  the  20th  of  November  the  excavation  of  prism  and  forming  the 
bank  of  canal  was  commenced  on  the  Sanduskv  cut,  three  miles  below 
Nashville.  The  bank  across  the  cut,  a  distance  of  2,000  feet,  hjis  all  been 
formed  and  the  outsiile  rip-rap  nearly  comi)leted.  The  river  bank  across 
the  bay  between  this  and  the  Ilickey  cut,  a  distance  of  2,000  feet  has  all 
been  commenced,  including  the  outside  foundation  of  the  ri])rap  and 
about  nine-tenths  of  the  earth  bank,  and  one-half  of  the  riprap  wall  has 
been  put  in. 

On  the  1st  of  December  the  excavation  of  the  cut  at  Eickey-s  was 
commenced.  The  bank  across  the  same,  a  distance  of  1,200  feet,  has 
been  formed,  and  extended  into  the  river  below  for  1,450  feet.  The 
outside  rii)rai)  wall,  across  the  cut  and  on  the  river  bank  below  for  700 
feet,  is  very  nearly  com])leted,  and  the  foundation  is  extended  830  feet 
further.  Almut  the  20th  of  January  a  large  force  of  men  were  set  to 
work  forming  the  foundation  of  rii)rap  on  the  ice,  betweeen  Nashville 
and  Sandusky,  and  u])  to  the  20th  of  February  one  and  a  half  mile  Inul 
been  put  in  between  these  jioiuts,  but  the  ice  failing  at  that  time  left  one 
mile  untimched.  The  contractors  are  now  engaged  in  putting  in  this 
portion  with  boats,  and  from  ])reseut  ap[)earances  it  will  all  be  t)ut  in  and 
raised  above  the  surfacn^  of  water  in  the  river  during  the  month  of  July. 

On  the  13th  of  March  the  excavation  of  prism  and  forming  bank  of 
canal  was  commenced  at  the  cut  below  Price's  creek.  The  bank  is  all 
formed  across  this  cut  a  distance  of  1,501)  feet,  and  the  outside  riprap 
put  in,  except  150  feet  at  the  head  of  the  middh*  lock,  which  has  been 
left  for  the  convenience  of  the  construction  of  this  lock.  The  founda- 
tion of  the  riprap  has  been  extended  into  the  river  below  1,000  feet  and 
the  embankuicnt  000  feet. 

The  section  work  has  not  progressed  as  rapidly  as  the  contract  lor  the 
same  requires.  During  the  months  of  March,  April,  and  May^  the  work 
was  delayed  by  high  water  in  the  river,  but  i)rior  to  March  1,  and  since 
May  18,  there  was  no  delay  from  that  source.  Work  has  been  com- 
menced on  half  the  entire  length  of  the  canal,  and  yet  only  about  one- 
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eig:bth  part  of  the  work  has  been  performed.  The  contractors  have  been 
si)eciall3'  directed  and  will  be  required  to  put  in  the  foundation  of  all  the 
bank  and  ri[)rap  walls  between  Nashville  and  Sandusky,  a  distance  of 
two  and  a  half  miles,  entirely  in  the  river,  during  the  present  summer, 
and  get  it  all  above  high- water  mark  before  winter  sets  in.  There  is  esti- 
mated 1()(),000  cubic  yards  of  rock  to  be  excavated  in  the  prism  of  c^nal 
and  from  the  present  bed  of  the  river  on  the  first  one  and  a  half  mile 
below  Nashville.  As  soon  as  the  embankment  above  referred  to  is  all 
commenced,  and  put  in  shape  as  required,  the  river  will  be  entirely  shut 
out ;  the  water  will  draw  down  below  and  leave  this  rock  dry,  so  that 
the  excavation  can  be  driven  rapidly,  and  the  inside  and  outside  riprap 
w  alls  for  this  bank  built  from  the  excavated  rock. 

There  can  be  no  doubt  of  the  completion  of  this  work  by  the  time  tlie 
locks  are  finished,  even  with  a  fuU  appropriation  for  the  locks  at  this  ses- 
sion of  Congress. 

A  very  careful  revision  of  the  estimates  of  quantities  of  work  to  he 
done  has  been  made,  and  at  the  contractors'  prices,  (which  are  ver5'low, 
and  I  have  no  faith  in  their  com[)leting  the  work  at  their  prices,)  the 
cost  of  se(*tion-work  will  not  exceed  $800,000,  which  is  250,000  below  the 
original  estimated  cost. 

On  the  15th  of  April  last  bids  were  received  for  furnishing  the  mate- 
rials and  [)erforming  all  the  labor  for  constructing  the  locks,  except  the 
gates.  The  prices  bid  were  below  the  original  estimates,  and  the  work 
has  all  been  awarded  to  the  lowest  bidders,  who,  it  is  confidently  believed, 
are  practical  men  and  competent  to  perform  the  work  at  the  prices  stip- 
ulated. The  contracts  will  be  made  and  the  work  commenced  as  soon 
as  the  appropriation  bill  passes  Congress.  The  work  has  now  so  far  pro- 
gressed and  such  developments  of  its  character  made  as  to  be  a  sure 
guaranty  that  the  improvement  of  these  rapids,  by  the  construction  of  a 
canal  and  locks,  w  ill  not  exceed  the  estimate  made  and  attached  to  the 
report  of  the  commissioners  appointed  by  the  Secretary  of  War  under 
a  resolution  of  Congress  to  devise  the  plan  of  improvement,  including 
all  expenses  for  engineering,  land  damages,  and  miscellaneous  expendi- 
tures. 

The  amount  of  work  ])erformed  on  the  canal  up  to  the  30th  day  of 
June  is  as  follows: 

Bailing  and  draining $134  12 

1,430  cubic  yards  excavation  of  rock,  at  $1  35 1, 030  50 

109,153  cubic  yards  excavation  of  earth,  at  33  cents 36, 020  49 

25,123  cubic  yards  embankment,  at  37  cents 9, 295  51 

1,307  cubic  yards  lining,  at  40  cents 522  80 

40,2()8i3o»o  cubic  yards  loose  stone  in  riprap  walls,  at  $1  35  .  54,302  33 

0.  037  miles  changing  railroad  track,  at  #500 318  50 

127  rods  constructing  public  road,  at  $2  25 285  75 

150  rods  constructing  public  road,  partially  built,  at  $1 . . .  150  00 

Total  work  done 103, 020  00 


The  average  amount  per  month  is  $11,440,  and  the  amount  in  the  moutli 
of  June  was  $21,220. 
EespectfuUv  submitted. 

DANIEL  C.  JENNE, 
United  /States  Civil  Engineer, 

Brevet.  Mai.  Gen.  J.  H.  Wilson,  U.  S.  A., 

Lieutenant  Colonel  35f/i  Infantry, 
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United  States  Engineer  Office, 

Davenport^  July  20, 1868. 

General  :  I  have  the  honor  to  submit  the  following  report  of  the 
cperatious  for  the  improvement  of  the  Rock  Islantl  rapids  of  the  Mis- 

assippi  river,  for  the  year  ending?  June  30,  1868. 

In  acconiance  with  Engineer  Orders  No.  104,  of  Oetol>er  7, 1867,  reliev- 
iDj?me  from  duty  with  Colonel  Blunt,  at  Oswego,  New  York,  and  order- 
in*,' me  to  report,  to  you,  I  proceeded  to  this  place,  rex>orting  for  duty  on 
the 'Mb  of  the  same  month. 

I  received  verbal  instructions  from  you  to  assume  local  charge  of  the 
improvements  of  the  Ro(,'k  Island  rapids,  and  proceeded  to  make  an 
inspection  of  the  work. 

Prior  to  my  arrival  here  the  main  portion  of  the  surveys  of  the  rapids 
bl  been  made  by  Lieutenant  E.  F.  Hotfman,  and  numerous  and  very 
»rrect  soundings  been  obtained  by  him. 

The  parties  had  returned  Irom  the  field,  and  were  engaged  in  copying 
Bid  reducing  field  notes  and  soundings  preparatory  to  plotting  them  for 
ise. 

This  sur\'ey  had  been  very  carefully  and  systematically  made,  and 
went  trials  have  demonstrated  its  perfect  accuracy. 
The  nature  and  extent  of  the  improvement  hjid  already  been  decided 
yyou,  biised  upon  the  results  of  surveys  and  reconnoissances  in  the 
ill  of  1866,  and  contemplated  the  removal  of  the  rock-bed  of  the  river 
t  the  various  shoal  places,  or  chains,  so  a«  to  give,  at  lowest  stage  of 
rater  known,  a  continuous  channel  at  least  four  feet  in  depth  and  200 
Bet  in  width.  The  surveys  made  during  the  summer  of  18()7  were 
iitended  to  replace  those  made  in  the  preceding  year,  the  latter  not 
ttng  sufficiently  minute  for  working  purposes. 

The  contractors  had  commenced  the  first  work  of  tlie  season,  under 
lieir  contract,  by  putting  in'position  a  (jpffer-dam  on  Duck  Creek  chain, 
bout  six  miles  above  this  i)lace,  and  one  of  the  most  difficult  obstacles 
J  be  overcome  at  low  water,  by  steamers  of  from  three  to  four  fet^t 
mnght. 

This  dam  had  been  located  by  Colonel  Hains,  without  the  use  of 
stniments,  the  soundings  pot  having  been  then  plotted;  and,  although 
ice<l  mainly  by  the  eye,  later  experience  sliows  it  to  have  been  advan- 
5^usly  i)laced,  and  in  nearly  the  same  position  that  woidd  have  been 
jigned  to  it  with  the  full  knowledge  of  the  shape  of  the  bottom  and 
tent  of  the  shoal,  afterwards  obtained  by  i)lotting  the  soundings.  The 
rrent  over  this  chain  approached  fouv  feet  per  second,  with  a  surface 
pe  of  (y .33-1,000.  The  possibility  of  constructing  a  cotter  work,  at 
^thing  like  a  reasonable  expenditure,  was  a  matter  of  doubt  in  the 
[ids  of  the  contnictors. 
Phis  dam  was  commenced  on  the  8th  of  September,  and  finished  by 

15th  of  October  following.  Its*  distance  from  the  Iowa  shore  was 
mt  1,000  feet,  and  from  the  head  of  Rock  island  about  two  and  a  half 
es.  It  had  a  development  of  1,310  linear  feet,  viz :  Up-stream  face, 
I  feet  10  inches;  down-stream  (or  lower)  face,  203  feet;  north  face, 
feet  6  inches  ;  south  face,  481  feet ;  the  upper  and  lower  faces  being 
h  eight  fe<^t  in  thickness  and  the  sides  six  feet  in  thickness. 
'he  contract  wa^  drawn  up  the  28th  of  June  preceding,  but,  in  addi- 
1  to  the  delays  necessary  in  procuring  materials  and  machinery,  it 
i  thought  necessary  to  delay  for  the  low  stage  of  water  which  usually 
[irs  in  September.  The  gauge  showed  on  the  8th  nine  feet  of  water 
ve  the  zero  of  the  scale,  viz:  the  plane  of  lowest  water  of  1864,  and 
the  15th  of  October  it  showed  one  foot  ten  inches.    The  mean  depth 
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of  water  on  tlie  dam  was  four  feet  six  inelies.    Total  area  inclosed  by 
the  dam,  about  8(),(K)0  square  feet.    The  cost  of  dam  was  $7,500. 

For  a  more  detailed  report  of  the  method  of  putting  in  this  work,  as 
well  as  description  of  same,  I  would  refer  you  to  the  appended  rei>ortof 
J.  P.  Frizell,  civil  en^neer  and  assistant  upon  the  work. 

For  clearing  the  area  of  water  a  centrifugal  i)UQip  (Sisson's  patent,  I 
think)  of  eight  horse-i)o\ver  was  employed.  It  was  located  at  the  soutb- 
w(sst  angle  of  the  dam,  the  depth  of  water  being  there  the  greatest 
While  cleanng  the  area  it  discharged  at  the  rate  of  197.5  cubic  feet  per 
minute,  raising  the  water  from  six  to  seven  feet;  30  hours  in  all  were 
consumed  in  removing  the  water.  The  cost  of  this  pump  was  $1,3(H). 
The  area  having  been  cleared,  lines  of  levels  wei'e  run,  both  longitudi- 
nally and  transversely ;  the  lines  being  10  feet  apai't,  and  the  refei-euees 
of  their  i)oints  of  intersection  taken.  These  were  to  be  compared  witb 
the  levels  to  be  taken  after  the  completion  of  the  work.  In  addition  to 
the  area  inclosed  by  the  dam,  and  requiring  excavation,  small  isolated 
patches  of  rock  existed,  both  above  and  below,  of  too  small  area  to  be 
inclosed  bj^  a  coffer.  These  were  to  be  removed  by  chisels.  These 
latter  are  of  wrought  iron,  about  nine  feet  in  length,  weighing  5,800 
pounds,  and  steel-pointed.  They  work  in  guides,  similar  to  those  of  a 
pile-driver,  and  are  raised  by  steam.  They  have  a  fall  of  about  seven 
feet.  The  boats  upon  which  the  chisels  and  machinery  ai'e  placed  are 
about  00  feet  in  length,  and  shaped  like  the  usual  dredge-boat.  The 
broken  rock  is  raised  by  dredging. 

On  the  2Gth  of  November  I  received  the  following  order,  viz  : 

United  States  Engineer  Office, 

Dnvenpurt,  November  26,  1867. 

I.  Brevet  Major  Charles  J.  Allen,  captain  of  engineers,  is  assig-ned  to  duty^s  senior 
assistant,  and  in  local  charge  of  the  improvements  ot  ti»e  Rock  Inland  rapids.  He  will 
supeiintend  the  labur  of  the  contractors,  keeping  ample  notes  of  their  daily  operations,  aod 
supervising  the  estimates  of  work  done.  He  will  also  exercise  a  general  supervision  over 
the  completion  of  the  maps  projected  by  Lieutenant  Hoti'inau,  and  will  have  a  supervisiug 
charge  over  the  mapping  and  draugiitiug  done  at  this  office. 

J.  H.  WILSOX, 
Lieutenant  Colonel  35(/t  Infantry ^  Brevet  Major  General  U.  S,  Armu, 

At  this  time  the  work  was  progressing  well  in  the  dam.  The  eon- 
tractors  had  a  good  force  of  men  employed  in  quarrying,  and  bad  also 
the  following  boats  and  dumps : 

One  steamer,  at  a  cost  of $6, 000 

Two  chisel-boat^,  each  $1),000 18,  (KH) 

One  dredge 21, 500 

Two  dumps,  $400  each 800 

Five  flats,  $000  each 3,000 

50,300 


The  work  of  quarrying  commenced  on  the  22d  of  October,  and  con- 
tinued without  interruption  until  the  20th  of  December.  The  quarry- 
ing was  performed  by  means  of  the  ordinary  hand-drill  and  blasting 
powder.  A  steam-drill  of  Gardner's  patent  was  tried,  but  failed  to 
perform  satisfactory  work.  The  rock-bed  of  the  bottom  was  a  common 
limestone,  of  the  Diomion  formation,  irregularly  stratified,  gnarled  toid 
twisted,  and  filled  with  pebbles  and  geodes.  This  made  the  work  of 
blasting  much  more  difhcult  than  it  would  have  been  otherwise,  it  being 
almost  impossible  to  proportion  the  charges  to  produce  certain  results. 
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The  effects  of  the  blasts  were  very  unequal,  and  the  depth  could  not  be 
JODtrolled,  as  would  have  been  the  case  in  a  rock  of  regular  strata.  The 
specific  ^civity  of  this  rock  varied  from  2.3  to  2.7.  The  drills  used 
rari*^]  in  diaiueter  from  one  and  a  half  inch  to  two  a  nd  a  half  inches, 
wd  the  depth  of  hole  (magazine)  from  one  and  a  half  foot  to  four  feet. 
Po  avoid  tlie  ett'ect  of  moisture  in  the  rock,  and  to  form  a  water-tight 
ttapizine,  the  holes  drilled  were  pumped  out,  or  rather  sponged  out,  and 
ttrtially  filled  up  with  soft  pliable  clay  ;  the  drill  was  then  forced  down 
igain  iuto  this  claj^,  forcing  it  agiiinst  the  sides,  making  a  water-tight 
iniiilL'. 

Exfierience  proved  that  the  proportion  of  i'0(;k  excavated  to  that  of 
owdenised  wai5  seven- thirteenths  yard  of  the  rock  to  one  pound  of  pow- 
Pf;  fine  sand  and  pulverized  rock  used  for  tamping.     From  six   to, 
''enty  mines  were  generally  exploded  sinudtaneously. 
The  expedien(*y  of  using  nitro-glycerine  was  discussed,  but  this  mate- 
liwaij finally  rejected;  as,  from  its  suddenness  of  explosion  and  great 
«Fer,  it  could  not  have  been  under  sufficient  control.    Its  exi>losive 
ee,  as  comparexl  with  blasting  powder,  is  asserted  to  be  13,  that  of 
powder  being  unity.     Its  '' tearing  ]n*operties"  would  have  rendered 
estnictive  to  the  cotter- work  if  used  in  very  close  i)roximity  to  it.     I 
et  that  the  opportunity  of  witnessing  its  ett'ects  wa^  denied  me. 
le  season   wa^s  unusually  favorable  for  working;  by  the  20th   of 
Mnber  the  ice  had  formed  so  rapidly  in  the  vicinity  of  the  dam  that 
ations  were  suspended,  for  the  reason  that  the  excavated  rock  could 
>e  moved  in  boats.     The  rock  in  the  interior  of  the  dam  had  been 
rated  to  the  reipured  dei)th,  and  water  was  let  in.     The  chisel-boats, 
[^e,  &c.,  were  moored  below  the  dam,  the  contractors  regarding  this 
e  safest  position,  the  cott'er  serving  as  an  ice-breaker, 
e  total  (piantity  of  rock  removed  up  to  the  time  of  closing  work  was 
cubic  yards,  of  which  5,184  cubic  yards  were  taken  from  the  inside 
e  dam,  and  the  remainder  broken  by  the  cliisels  and  dredged  up. 
of  this  amount  was  returned  to  the  river,  being  deposited  in  the 
holes  or  pockets.    This  was  a  sort  of  compensation,  and  kept  the 
ible  area  of  cross-section  about  the  same  as  before.     Such  of  the 
iis  was  not  disposed  of  in  this  manner  w<as  deposited  upon  the  gov- 
ent  dam  at  the  head  of  Hock  island,  and  in  cribs  provided  by  ftie 
nice  department  for  the  extension  of  the   same.     About   2,000 

I  of  ro<*k  were  disposed  of  in  this  manner.  During  the  winter  the 
ants  and  draughtsman  were  employed  in  mapping  and  plotting, 
retting  U{>  working  sheets  for  the  next  season's  work. 

on  the  breaking  up  of  the  ice,  which  occurred  in  March,  the  con- 
)rs  experienced  considerable  loss  from  damage  done  to  their  boats 
e  floating  ice,  and  considerable  delay  ensued  in  placing  them  again 
H>udition  for  work. 

t  copious  rains  caused  a  simultaneous  movement  of  the  ice  through- 
long  extent  of  the  river ;  and  as  it  moved  it  gorged  at  various 
s,  causing  a  rise  of  water  above  each  point,  and  a  consequent  inun- 

II  of  lancls.  As  early  as  January  I  Avarned  the  contractors  of  the 
»r  to  their  boats,  and  advised  them  to  remove  them  to  some  more 
?red  position.  I  stated  to  them  that  the  river  would  undoubtedly 
o  a  height  above  the  to])  of  their  dam,  and  that  then  the  ice  would 
*e  to  move  over  it  and  collide  with  their  boats.  The  ice  had  gen- 
'  broken  up  from  below,  each  Held  as  it  moved  hniving  a  space  free 
jc  field  of  ice  atH>ve  it.  This  year  it  seemed  to  break  up  siinultane- 
,  and  the  whole  mass  moved.  The  chisel-boats  were  larricd  down 
n  for  about  four  miles.    They  were  severely  racked,  and  rc<iuired  new 
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plank,  timber,  and  some  p.artsof  the  machinery  renewed.  That  they  were- 
not  totiilly  destroyed  is  due  to  the  fact  that  they  moved  with  the  ice. 
Some  idea  of  the  freshet  may  be  obtained,  when  we  consider  the  statement 
that  the  water  rose  eight  feet  in  two  hours,  and  upon  the  gorge  giv- 
ing way  beh)w,  it  fell  live  feet  in  as  many  minutes.  This  last  gorge  was 
about  three-fourths  of  a  mile  below  the  raihoad  bridge;  and  to  this  sud- 
den fall  I  attribute  the  destruction  of  the  bridge  and  its  piers.  One  of 
these  i)iers  was  moved  laterally  16  feet  from  its  position,  <letiected  con- 
siderably from  the  vertical,  and  racked  so  as  to  render  the  building  of  a 
new  one  necessary  J 

Work  was  resumed  at  Duck  creek  by  the  chisel-boats  and  dredge  on 
the  21st  of  April.  Tlie  total  amount  of  rock  excavated  and  removed,  up 
to  the  30th  of  June,  is  6,S{)S  yards,  as  per  following  statement : 

October,  1867 544.  52 

November,  1867 2,.5.50. 29 

December,  1867 2,404. 68 

April,  1868 42.  (K) 

May,  1868 475. 91 

June,  1868 574. 26 

Total 6,600.  m 


To  this  add  298  yards  excavated  by  the  contractors  for  crib-filling,  and 
the  total  reaches  6,808.66  yards.  Of  this  1,714.86  yards  were  removed 
by  the  chisels  and  dredge. 

The  contract  contcmjdatcd  the  payment  for  the  solid  contents  of  rock 
as  it  existed  in  the  bed.  This  estimate  could  be  easily  arrived  at  by  a 
comparison  of  the  levels  taken  before  and  after  excavation.  For  monthly 
or  partial  payments,  the  solid  contents  were  obtained  by  the  method  of 
disphu^ement ;  the  amount  of  water  disphu*ed  by  each  flat  before  being 
loaded  was  obtained ;  the  flat  then  being  filled  with  stone  to  any 
extent,  the  ditterence  of  cubic  feet  displaced  by  the  boat  free  aiul  the 
boat  loaded  gave  the  number  of  cubic  feet  displaced  by  the  stone  alone; 
tills,  divided  by  the  specific  gravity  of  the  rock,  gave  the  number  of 
cubic  feet  of  rock  in  the  flat.  Tiiis  method  gave  very  accurate  results, 
as  proved  by  sev  eral  tests.  Various  specimens  of  rock  were  taken,  their 
specific  gravities  found,  and  an  average  density  decided  upon. 

It  Avas  claimed  bv  the  contractors  that  thev  had  moved  more  rock  by 
their  chisels  from  the  area  above  the  dam,  tlian  Avas  allowed  them  by  this 
measurement.  Th(\y  asserted  that  most  of  the  rock  was  pulverized  hy 
their  chisels,  and  swei)t  away  by  the  current,  and  consecpiently  not  con- 
tained in  the  measurements.  This  I  regarded  as  quite  probable,  though 
notto  the  extent  that  they  churned.  Examination  of  the  dredging  showed 
that  much  of  what  they  took  up  was  very  finely  broken  and  x>ulverized, 
and  very  likely  to  be  swept  or  scoured  by  the  under-current.  Dubuat 
states,  as  the  result  of  his  observations,  that  beds  of  streams,  composed 
of  pebbles  of  one  and  one-half  iiuth  in  diameter,  will  resist  the  action 
of  a  current  not  exceeding  3.;i'3  feet  per  second.  As  the  current  at  this 
point  exceeded  the  above  figures,  and  much  of  the  stone  broken  was  very 
much  smaller  than  the  example  given,  1  had  no  doubt  of  the  correctness 
of  the  claim. 

Further  examinations  showed  that  the  deep  holes  or  pockets  in  the 
immediate  vicinity  of  the  places  chiseled  were  filled  with  pieces  of 
loose  rock  of  various  sizes.    These  had,  undoubtedly,  slid  off  under  the 
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action  of  the  chisels  and  not  been  counted  in  the  measurement.  ]^umer- 
ous  soundings  made  over  this  area  showed  that  the  obstructions  had 
all  been  removed.  By  multiplying  the  areas  of  the  places  worked  over 
by  the  depth  of  cutting  assumed  from  the  charts,  an  estimate  was 
arrived  at  for  this  portion  of  the  w^ork  which  was  satisfactory.  Upon 
the  area  below  the  dam,  and  i)rotected  by  the  latter  from  the  current, 
the  measurements  by  displacement  were  found  to  tally  very  closely  with 
those  obtained  by  soundings.  Much  finely  pulverized  rock  is  here 
dredged  up,  the  great  force  of  the  current  being  broken  by  tlie  obstruc- 
tions above. 

The  terms  of  contract  required  the  removal  of  5,000  yards  of  rock  per 
month  during  the  working  season.  This  rate  has  not  been  approached 
as  yet,  owing  to  various  unforeseen  difficidties. 

1  did  not  feel  satisfied  with  the  amount  of  work  performed,  nor  do  I 
think  that  enough  hands  were  employed  at  any  one  time.  For  work  of 
this  description,  where  the  drilling  is  done  by  hand  and  the  rock 
removed  in  barrows,  tlie  apportionment  of  men  should  be  one  to  every 
200  square  feet  inclosed  by  the  dam ;  this  includes  foremen,  blacksmiths, 
engine^^rs,  quarrymen,  laborers,  ^c.  The  following  is  an  exhibit  of  labor 
for  the  month  of  November,  18G7,  and  will  serve  as  a  si)ecimen  of  the 
whole : 

Number  of  days'  ser\ice  spent  in  drilling 1,200 

Number  of  days'  service  spent  in  quarrying OOO 

Number  of  days'  service  spent  in  dunjping 240 

Number  of  days'  service  spent  in  chiseling,  (men) 280 

Number  of  days'  service  si)ent  in  dredging,  (men) LSO 

Number  of  days'  service  spent  in  pumping 120 

Number  of  days'  service  of  steamboat  crew 150 

Number  of  days'  service  of  blacksmith 00 

Number  of  days'  service  of  foremen 280 

Number  of  days'  service  of  supply  men 50 

Number  of  days'  service  of  superintendents 90 

Total  days'  work 3,578 

This  gives  an  average  of  138  men  employed  daily  for  a  month  of  20 
working  days. 

Number  of  feet  of  2 J  inch  holes  drilled  with  striking-drills 4,008 

Number  of  feet  of  2i  inch  holes  drilled  with  churn-drills 4,01)2 

ml  * 

Total  of  linear  feet 0,000 

Number  of  pounds  of  powder  expended 4,250 

Number  of  feet  of  fuse 1,200 

A rea  worked  over  by  the  chisel-boats,  about  22,000  scpiare  feet.  Depth 
of  cutting,  about  1  foot  0  inches.  The  chisels  when  worked  steadily  can 
make  from  1,500  to  2,000  strokes  per  day. 

It  having  been  decided  to  commence  work  this  year  on  Moline,  Syca- 
more, and  Campbell's  chains,  if  possible,  the  maps  and  working  sheets 
pertaining  to  these  chains  were  plotted  and  careful  examinations  made 
to  determine  the  lines  of  least  cutting  on  each,  and  at  the  same  time  to 
get  easy  curves  and  place  the  axes  of  the  cuts  as  nearly  as  possible  to 
coincide  with  the  direction  of  the  currents. 

The  directions  of  currents  and  their  velocities  were  determined  by 
actual  observation  and  placed  upon  their  respective  sheets.     Levels  were 
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run  from  foot  to  Lead  of  the  rapids,  on  either  shore,  connecting  above 
and  below,  and  low-water  bench  marks  established  opposite  each  chaiii 
for  ready  reference. 

The  bnoys  for  the  cofter-dani  at  Moline  chain  were  placed  early  in 
Jnne  of  this  year,  the  line  of  excavation  having  been  decided  npou  by 
you.  This  chain  presented  many  difficulties  to  the  establishment  of  a 
dam,  on  account  of  the  great  velocity  which  here  obtains.  The  current 
above  this  chain  has  a  velocity  of  3.G3  feet  per  second ;  upon  that  iwir- 
tion  requiring  a  coffer,  0.3(>  feet  per  second,  and  below  it  nearly  4  feet 
l)er  sci.'ond ;  the  surface  slope  being  .37  of  a  foot  upon  000. 

The  buoys  were  laid  out  by  the  theodolite,  from  the  primary  sound- 
ing base  on  the  Iowa  shore,  the  angles  being  computed  from  the  known 
sides  of  the  triangles.  Cribs  were  sunk  and  a  bulkhead  formed  a^  in 
the  construction  of  the  dam  at  Duck  creek. 

A  greater  thickness  of  i)uddling  was  considered  necessaiy,  the  up 
and  down  stream  faces  being  each  ten  feet  in  thickness,  and  the  sides 
eight  feet ;  otherwise  the  construction  does  not  differ  materially  from 
that  at  Duck  creek.  About  230  lineal  feet  of  this  work  is  completed. 
The  dam  will  be  250  feet  in  width,  and  its  sides  respectively  about  000  and 
1,100  t'eeA.  Its  axis  will  make  an  angle  of  about  20^  with  the  direction 
of  the  current  at  high  water,  and  will  coincide  nearly  in  direction  with 
the  surface  current  at  lowest  water.  For  a  discussion  of  the  points 
involved  I  would  refer  you  to  my  letter  of  May  1th.  The  dam  will  he 
cleared  by  pumping,  as  at  Duck  creek,  but  more  slowly,  as  the  exi)eri- 
ence  of  last  year  proved  that  quick  pumping  was  a  disadvantage,  the 
l)uddling  settling  unevenly  upon  a  sudden  Avithdrawal  of  the  water. 

The  portion  of  the  chain  below  the  dam  will  be  worked  with  the 
chisels. 

The  contractors  have  had  an  increased  uund)er  of  boats,  and  tlie 
prospect  is  that  the  ensuing  year  will  witness  a  full  amount  of  work  on 
their  part. 

They  have  now  2  dredges,  11  scows,  2  steamers,  2  chisel-boats,  and  2 
dumi)-boats. 

It  is  proposed  to  commence  work  at  S^'camore  chain  during  the  month 
of  July  eusiung,  and  to  begin  at  Campbell's  chain  as  soon  thereiifter  as 
l>ossible. 

Duck  Creek  chain  will  probably  be  finished  also  the  next  mouth,  and 
the  dam  removed.  Assistants  have  been  engaged  during  the  spring  in 
suj)ervising  the  work  at  the  various  chains,  in  mapping  and  plotting, 
and  in  making  such  surveys  as  were  found  necessary  tiom  time  to  time 
in  the  fiutherance  of  the  work. 

Water-gauges  were  established  early  in  1807,  fourteen  in  nundxT, 
their  readings  recorded  twice  a  day,  and  plotted.  These  I  reduced  in 
November  to  four,  and  subsequently  removed  them  all,  except  one 
retained  at  this  place. 

The  nearest  government  work  is  the  Rock  Island  arsenal. 

Thus  far  the  work  has  been  very  interesting  and  instructive,  and  its 
practicability  of  execution  fully  demonstrated. 
Very  respectfully,  your  obedient  servant, 

CHAS.  J.  ALLEN, 
Captain  of  Engineers  and  Brevet  Major. 

Brevet  Major  General  el.  H.  Wilson, 

Lieutenant  Colonel  Soih  Infantry^  Keokiikj  loxca. 
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H  8. 

United  States  Engineer  Office, 

Daveiiportj  loica^  July  20,  18G8. 

MA.TOR :  I  have  the  honor  to  suhniit  the  following  report  of  operations 
for  the  year  endings  June  30,  1808,  for  the  improvement  of  the  Kock 
Ishuul  rapids,  as  re(piested  in  your  oflieial  letter  of  June  15,  1808. 

In  the  spring  of  1807  I  was  ordered  to  resurvey  the  Rock  Ishind  rapids. 
Tlie  api)ropriation  by  Congress  had  been  ma(h^  to  improve  these  rapids, 
and  it  was  considered  necessary  by  General  Wilson  to  sound  each  chain 
in  a  more  thorough  manner  than  it  could  have  been  done  in  the  short 
time  which  was  allowed  the  engineers  in  the  fall  of  1800. 

I  commenced  the  resurvey  lilay  20,  18(>7,  and  finished  the  same  July 
5,  1807,  a  total  of  38  days;  of  these,  six  were  Sundays,  or  holidays, leav- 
ing but  27  actual  working  days. 

Two  lines  were  run  by  theodolites,  one  on  the  Illinois,  and  the  other 
on  the  Iowa  side  of  the  river,  from  the  railroad  bridge  at  Davenport  to 
the  town  of  Le  Claire.  The  Iowa  line  contains  o^  stations,  and  the  Illi- 
nois line  02 ;  my  total  number  of  stations  being  85  less  than  were  used 
in  the  fall  survey  of  1800.  Every  station  is  marked  by  a  i)ointed  stake, 
those  on  the  Iowa  sliore  being  numbered,  while  those  on  the  Illinois 
shore  are  lettered.  All  base  lines  were  lined  in  with  the  theodolite  and 
twice  chained.  The  triangulation  rests  uj)on  50  se[)arate  bases.  The  max- 
imum error  of  observation  was  fixed  at  two  minutes,  but  in  most  of  the 
triangles  the  ditference  is  but  one  minute.  One-third  of  the  whole  num- 
l)er  of  angles  in  the  triangles  amounting  exactly  to  180^.  The  accunicy 
of  the  work  nray  be  judged  when  it  is  said  that  an  error  of  one  minute 
in  a  triangle,  Avhose  base  line  is  2,000  feet,  would  cause  an  error  of  only 
four-tenths  of  a  foot  ifi  the  sides  of  the  triangle. 

After  shore  lines  were  run  for  each  chain  on  the  rapids,  a  separate 
base  line  was  laid  out,  from  which  the  observation  of  soun<lings  could 
be  taken.  These  base  lines  were  laid  out  with  the  gieatest  care,  and 
connected  with  the  trigonometrical  net  of  the  survey.  Each  one  extends 
from  the  head  to  the  foot  of  the  chain,  and  its  length  not  less  than  3,000 
feet.  This  was  necessary  for  the  purpose  of  getting  in  the  observation 
of  simndings,  no  bearings  being  over  OOo.  At  Lower  chain,  Moline, 
Duck  creek,  Sycamore,  and  Smith's  chains,  these  base  lines  are  in  one 
straight  line ;  at  Cami)beirs  chain  the  base  line  is  broken,  and  makes  in 
itst*lf  a  triangle,  two  sides  of  which  were  carefully  measured,  nnd  the 
tliinl  side  calculated.  It  appeared  necessary  to  have  three  theodolites 
on  each  of  these  base  lines  when  sounding  the  chains,  so  as  to  be  able  to 
substitute  one  instrument  for  another  in  case  of  accident,  or  in  cavse 
one  observer  should  have  missed  one  of  the  bearings.  Then,  in  order  to 
bring  the  two  parts  of  the  base  line  in  exact  harmony  from  each  theo- 
dolite point,  a  point  on  the  opposite  shore  was  triangulated,  and  each 
angle  Wius  observed  at  eai^h  instrument  25  times.  By  this  system,  which 
I  called  ''correction  for  base  lines,"  the  two  x)arts  of  the  base  line  were 
brought  in  perfect  harmony. 

in  the  measuring  of  tiiese  base  lines  a  very  broad  steel  tape  line  was 
used,  and  the  measuring  always  gone  over  with  the  second  time;  in  c(m- 
sequence,  the  actually  measured  base  line  with  the  corrected  base  line 
by  triangulation  gave  very  little  ditference ;  for  instance,  at  Smith's 
chain  it  was  not  more  than  three-tenths  of  a  foot.  These  points  at  the 
base  line,  where  theodolites  had  been  stationed,  were  marked  by  good, 
large-sized  quarried  stones,  so  that  in  the  working  of  the  dillerent 
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chains  these  stations  can  always  be  relied  on,  as  they  are  known  to  be 
correct  and  accnrate. 

In  the  meantime  a  new  level  was  run  on  both  sides  of  the  river.  The 
first  line  commenced  at  the  raih*oad  bridge  at  Davenport,  and  ran  toLe 
Chiiro,  a  distance  of  14  miles.  At  this  place  I  leveled,  via  Barber's 
island,  to  the  opposite  side  of  the  river,  (the  Illinois  river,)  and  leveling 
down  to  the  bridj^e  and  connecting  there  with  the  bench  from  whicli  I 
had  stnrted,  a  dift'erence  of  but  0.255  foot  was  found.  Considering  the 
whole  length  of  28  miles  run,  and  the  transfer  of  levels  from  one  side  of 
the  river  to  the  other,  tlie  result,  considering  accuracy,  was  more  than 
satisfoctory.  In  high  stage  of  water  the  fall  of  the  river  from  Le  Claire  to 
the  bridge  at  Davenptn't  is  17.11  feet,  and  in  low  stages  of  water  18.43 
feet.  Good  reliable  bench-marks  were  established  along  the  river,  and 
this  number  augmented  in  the  spring  of  this  year,  so  that  now  at  the 
hea^l  and  at  the  foot  of  each  chain  a  bench-mark  is  established  from 
which  levels  can  be  taken  over  to  the  cofter-dams,  where  such  shall  exist, 
or  to  the  [)oint  where  excavation  is  to  be  carried  on  by  the  chisel-boats. 
In  this  preparatory  work,  before  sounding  the  dift'erent  chains,  the  estab- 
lishment of  water-gauges  was  made,  for  the  purpose  of  noting  the  effect 
one  chain  had  upon  the  others  during  a  rise  or  fall  of  the  river.  These 
water-gauges,  14  in  number,  were  placed  on  the  important  chains,  and 
during  a  period  of  ten  months  were  observed  and  the  result  recorded 
twice  daily.  From  the  plotted  curves,  thus  obtained,  it  \vas  possible  to 
judge  very  closely  as  to  the  low- water  mark  of  18(J4,  even  at  such  places 
where,  notwithstanding  diligent  search,  no  reliable  low- water  mark  conld 
be  obtained  from  river  pilots  or  residents  living  near  the  chain.  In  the 
month  of  August  and  September  the  work  of  sounding  the  different 
chains  was  carried  into  effect.  To  obtain  a  great  number  of  soundings 
in  a  short  space  of  time,  a  i)eculiar  plan  or  system  of  my  own  wa^  adopt- 
ed, which,  so  far  as  I  know,  was  never  before  attempted  in  the  surveyor 
sounding  of  any  river.  A  small  light-draught  steamer  (the  Le  CUire)  of 
about  one  foot  eight  inches  draught  was  chartered,  and  to  each  side  of 
the  steamer  three  skiffs  were  attacluHl  by  a  kind  of  bridge,  having  an 
interval  of  12  feet  between  each  skiff*,  as  shown  in  accompanying  sketch, 
marked  Fig.  2.  The  whole  width  of  this  sounding  apparatus  wa.s  90  feet. 
Behind  the  pilot-house  on  the  steamer  a  double  tlag-staff\24  feet  in  height, 
and  in  line  with  the  skiffs,  was  erected,  to  which  were  attached  two  flags, 
one  red  and  the  other  white,  with  counter  weights  attached,  as  shown 
in  Fig.  ,1. 

The  chain  to  be  sounded  was  marked  out  by  buoys  at  the  foot  of  the 
same,  with  an  interval  of  IM)  feet  between  each  buoy,  which  corresponded 
with  an  equal  number  at  the  head  of  the  chain.    (See  Fig.  4.) 

The  observers  of  theodolites  stationed  at  the  theodolite  stand-points, 
the  steamer  entered  the  line  of  buoys  at  the  foot  of  the  chain,  striking 
with  the  outside  right-hand  skiff'  the  first  buoy,  and  moving  very  slowly 
nj)  stream.  As  soon  as  the  watch  in  charge  of  the  'timekeeper''  indi- 
cated 15  seconds  before  a  full  minute,  the  white  flag  was  hoisted  half 
mast,  which  signifled  to  the  observers  on  shore,  attention.  They  then 
clamped  their  instruments  and  followed  the  little  Jack-staff^  on  the  flag- 
staff' with  the  tangent  screw  until  at  the  full  minute,  which  wjis  marked 
by  a  loud  whistle  on  board  the  steamer;  the  white  flag  then  went  up  full 
mast,  and  the  observers  on  shore  recorded  the  degrees  and  minutes  given; 
at  the  same  moment,  the  eight  sounders  stationed  in  the  skiffs  and 
on  board  the  steamer  let  drop  per])endicularly  their  sounding  poles  of 
15  feet  in  length,  and  comniunicat(Ml  the  respective  depths  of  water  to 
their  recorders,  who  consisted  entirely  of  boys,  and  v>'ere  stationed  one 
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sunder.  An  " observer  of  eoinpass^  was  also  stationed  in 
kiffs;  tbia  observer  bad  to  take,  at  tbe  moment  tbe  Ha^s  were 

the  bearing  wbieb  tbe  Hne  of  skiffs  was  making,  as  indicated 
»ass.  He  was  also  allowed  a  recorder,  wbo  wrote  down  eitber 
earings  t4iken  or  tbe  oscillation,  of  wbicb  tbe  true  bearings 
ards  found. 

ition, — Tbe  observers  of  tbeodolites  fixed  at  tbe  given  signal 
he  point  of  tbe  flagstaff  in  reference  to  tbe  base  line.  Tbe 
f  compass"  fixed  tbe  direction  of  tbe  line  of  skiffs,  meaning 

of  tbe  soundings,  in  reference  to  tbe  needle,  and,  finally, 
sounders  took,  at  tbe  given  moment,  tbe  dejitb  of  tbe  river 
•eration  was  repeated  eacb  minute. 

nistakes,  tbe  uneven  numbers  of  bearings  were  signalized  by 
g,  tbe  even  numbers  by  tbe  red.  Besides  tbe  observations 
elites  taken  every  minute  from  tbe  sbore,  at  eacb  balf  minute 
;  dropped  tbeir  poles  upon  a  given  signal,  and  took  tbe  deptb 
observer  of  tbe  compass  taking  in  tbe  mean  time  tbe  bearing, 
gs  were  interpolated  as  given  in  sketcb.  (Fig.  0.) 
ig  of  tbe  steamer  was  so  regulated  tbat  sbe  was  never  allowed 

tban  about  30  or  40  feet  per  minute,  so  tbat  generally  at 
a  line  of  eigbt  soundings  was  taken.  First  tbe  wbole  surface 
was  run  over  by  tbese  parallel  sounding  trips,  and  if  it  was 
;  tbat  tbe  ground  was  not  sutiiciently  covered  witb  soundings, 
I  trips  were  repeated  until  satisfactory  results  were  obtained, 

if,  on  account  of  current,  accident,  or  any  otber  binderance, 
round  sbould  bave  escai)ed  and  not  been  tborougbly  sounded, 
'ter  completing  tbe  parallel  trips,  anotber  mode,  wbicb  I 
;ag  trijis.''    In  tbese  trips  tbe  pilot  was  at  liberty  to  go 

tbougbt  it  advisable  to  sound  again.  He  could  run  any 
igbt  proper,  and  was  followed  up  by  tbe  instruments,  as  in 
5  panillel  lines.    (See  Fig.  7.) 

lautity  of  soundings  were  in  tbis  manner  quickly  obtained, 
t>y  tbe  following  statement: 

were  taken  at — 

10. 000 

10, 000 

•Min 18, 000 

bain 10,  000 

ain : 15, 000 

1 14, 000 

ehes 8, 000 

100,  000 


bain  is  tbe  only  one  not  sounded,  an  order  baving  been 

»nd  tbe  steamer  Le  Claire  to  tbe  Des  Moines  rapids,  wbicb 

is  being  accomplisbed. 

ost  of  this  kind  of  sounding,  compared  witb  tbe  old  metbod 

jy  means  of  a  skiff*,  is  very  small.    A  sounding  party,  con* 

)  boatmen,  one  sounder,  two  observers  of  tbeodolites,  tbree 

d  a  pilot  and  skiff',  cost  $26  50  per  day.     Tbe  cost  of  a 

rty,  of  tbe  same  size  as  the  party  engaged  in  taking  the 

ngs,  including  charter  of  steamer  and  all  otber  uicidental 

lounted  to  $71  60  per  day. 

named  party  could  with  accuracy  take  from  500  to  600 
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soiiiulinga  during  the  day,  at  a  cost  of  about  five  cents  for  eacli  sounding 
taken,  vvliile  by  my  method  8,000  to  10,000  soundings  were  tiiken  in  the 
same  length  of  time,  at  a  cost  of  less  than  one  cent  per  sounding. 

It  will  be  seen  that  the  cost,  comparing  the  old  and  new  method,  gives 
my  plan  an  advantage  of  five  to  one,  while,  as  regards  rapidity,  the 
proportion  would  be  as  16  to  1  in  favor  of  the  method  used. 


NEW  SYSTEM  PER  DAY. 

Steamer,  including  men  and 

coal $20  00 

One  pilot 5  00 

Two  observers  of  theadoe 

lites 10  00 

One  observer  of  compass . .  2  50 

Eight  sounders 18  40 

Twelve  recorders 15  70 

Tot4il 71  GO 


OLD  SYSTEM  PER  DAY. 

One  skiff $0  50 

One  pilot 5  00 

Two  observers  of  theodolites.  10  00 

Two  boatmen 4  GO 

One  sounder 2  30 

Three  recorders 3  90 

Total 26  30 


Another  great  superiority  of  the  method  adopted  is  the  con-ectness 
with  which  these  soundings  were  obtained;  the  whole  apparatus  moved 
slowly  and  steadily,  and  permitted  accurate  observations  by  the  instru- 
ments on  shore  to  be  taken.  In  nearly  all  the  observations  taken,  the 
cross-hair  were  exactly  covering  the  jack-staff  on  the  steamer.  Finally, 
as  regards  cost,  time,  and  reliability,  this  method  must  recommend  itseif. 
It  has  been  thoroughly  tested  on  the  liock  Island  rapids,  and,  in  my  esti- 
mation, should  be  employed  where  any  large  number  of  soundings  ai-e 
to  be  taken. 

After  having  finished  the  field-work  of  the  survey,  I  was  charged  with 
tlie  plotting  and  mapping  of  the  same.  The  meanderings  of  tlie  river 
w^ere  calculated  in  reference  to  latitude  and  departure,  and  the  triangii- 
Lition  c()ni[)nted.  The  bearings  of  theodolites  were  all  calculated  to 
minutes.  It  seemed  prudent  to  do  this,  as  the  entire  work  was  observe<l 
acicurately  to  minutes.  The  use  of  the  best  minute  protractor  would 
have  led  to  errors  and  mistakes,  owing  to  the  large  number  of  soundings 
taken,  and  more  especially  on  account  of  the  large  scale,  and  consequently 
large  sheets  of  paper  which  I  was  compelled  to  use.  The  longest  lever 
arm  of  an  8-inch  protractor  would  have  been  too  short  and  inaccunite 
to  execute  this  work.  1  therefore  proceeded  to  calculate  each  point  of 
theodolite  bearing  in  reference  to  the  base  line  by  abscissas  and  ortlinates. 
To  make  this  calculation  simple  and  comprehensive,  I  converted  the 
formula 

a:  6  =  sin  a :  sin  B ; 

,      a  sin  B      „  ,         a  sin  B 
b=:—. ,  or  6=  -. — - — -_-  . 

sin  a  sui  (j'  +  B)  ' 

.  I       n             a  sin  B  sin  y 
therefore  x  =  -. — =^ 

8m(^  +  B) 

thereforey=^^^^^^^,^ 
^       (smr  +  B) 

that  is,  log.  x  =  \og.  a+  log.  sin  B  +  log.  sin  ^  +  compl.  log.  sin  (;'  +  B) 
log.  y  =  h)g.  a  +  log.  sin  B  -f  log.  cos.  r  +  compl.  log.  sin  {r  +B)  into  the 
following  scheme  lor  calculation: 


dated  in  this  way  G,5()0  points  by  means  of  the  ahseissas  and 
L  I  am  deeplj^  indebted  to  Mr.  0.  J.  Pauli,  assistant  eno:ineer, 
?alou8  manner  in  which  he  aided  and  assisted  me  duiing  this 
I  for  the  prompt  and  faithful  manner  in  vvliicli  he  ha«  always 
hI  the  numerous  and  varied  duties  wliich  have  fallen  U)  his  lot. 
[)nth  and  twenty-ftv^e  days,  we  together  succeeded  in  finishing 
Hlious  and  tiresome  work.  After  carefully  and  minutely  pre- 
iis  work  came  the  mai)ping  and  plotting  of  the  same, 
mean  time  all  the  soundings  taken  were  reduced  to  low  w^ater 
nid  the  observations  of  tbe  theodolites,  also  compass  bearings 
ths  of  base  lines,  were  inserted  on  the  sheets.  The  low  water 
as  tiiken  as  the  st^mdard,  and  the  height  of  water  on  each  chain 
:o  this  standard  without  trouble. 

now  eju^y  to  plot  these  soundings  on  paper,  and  as  it  was  con- 
>e.st  for  the  sounding  sheets  of  the  different  chains  to  read  in 
't,  a  scale  of  12  inches  to  1,000  feet,  or  03.36  inches  to  a  mile, 
pteiL  First,  the  station  of  the  steamer,  as  observed  by  the 
PS,  was  laid  down  by  abscissa  and  ordinate;  tlien,  at  this  point, 
ng  was  plotted  as  indicated  by  compass  for  the  line  of  skiffs, 
lis  line  were  then  plotted  the  intervals  as  they  existed  between 
luler  at  each  of  these  points.  The  depth  of  water  was  inserted 
ted  by  sounding  book ;  after  all  these  sounded  points  were  plot- 
line  was  drawn,  whi('li  line  connected  all  soundings  indicating 
four  feet  of  water.  In  this  manner  horizontal  curves  were  i)ro- 
hicb  gave  to  the  eye  an  exact  view  of  the  bottom  of  the  river. 
Ii  of  the  improvement  was  set  at  four  feet  below  low  water  of 
itimates  and  jdans  for  enlarging  the  channel  to  200  feet  were 
?  easilv  and  accuratelv  obtained. 

T  great  iwlvantage  wliich  here  exists  is,  that  each  and  every 
the  map  in  reference  to  the  base  line,  can  be  accurately  dis- 
igain  by  simply  putting  .the  instruments  on  the  base  line  and 
the  skiff' uutil  the  two  bearings  of  the  instruments  strike  the 
he  same,  as  in  the  sketch,  (see  Fig.  8.)  Suppose  it  necessary  to 
he  rock  marke<l  A,  B,  0,  these  [loints  could  be  laid  out  accu- 
aforesaid.     It  is  only  necessary  to  calculate  the  angles  in  the 
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lines  were  shaded  in  blue,  and  give  a  perfect  picture  of  the  bottom  of 
the  river  at  the  depth  of  four  feet  below  the  low-water  mark  of  1804, 
(see  Fig.  9.)  As  all  the  intended  improvements  were  laid  down  on  these 
last-named  maps,  they  were  called  "working  maps;"  and  those  maps  ou 
which  the  figures  were  only  written  down  from  the  sounding  books  were 
called  "  sounding  maps."  In  this  manner  there  were  idotted,  between  the 
1st  of  February  and  the  loth  of  May,  1868,  the  following  list  of  maps: 

For  Lower  chain,  one  sounding  map  and  one  working  map,  4x3  each. 

For  Moline  chain,  one  sounding  map  and  one  working  map,  4x4  each. 

For  Duck  Creek  chain,  one  sounding  map  and  one  w-orking  map, 5x4 
each. 

For  Campbell's  chain,  one  sounding  map  and  one  working  map,  5x4 
each. 

For  Sycamore  chain,  one  sounding  map  and  one  working  map,  4x4 
each. 

For  Smith's  chain,  one  sounding  map  and  one  worldng  map,  4x3 
each. 

For  different  patches,  two  sounding  maps  and  one  w^orking  map,  3x  IJ 
each. 

In  addition  to  this  work  two  profiles  were  made,  one  pertaining  to  the 
Iowa  shore  and  one  to  the  Illinois  shore,  on  which,  at  every  station,  the 
levels  for  high  and  low  water  are  given.  The  horizontal  scale  in  these 
profiles  are  7,200'=12  inches,  and  the  vertical  scale  48'=12  inches.  The 
entire  survey  extending  from  Davenport  to  Le  Claire  is  to  be  plotted  as 
a  general  map,  on  a  scale  of  two  inches  to  1,000  feet,  or  10.50  inches  to 
a  mile.  The  observations  of  water  gauges  were  also  plotted,  and  by  the 
curves  thus  obtained,  the  difference  between  the  highest  and  lowest 
water,  or  rather  the  extreme  range  of  the  same,  during  the  year  from 
]\Iay  1867  to  May  1868,  was  shown,  as  seen  by  the  following  table : 

At  West  Davenport 11.1 

At  the  bridge  at  Davenport,  Lower  chain 12.1 

At  Gilberttown  or  Moline  chain 10.0 

At  Duck  Creek  chain 9.6 

At  Valley  City  or  Campbell's  chain 9.2 

At  Station  53,  or  Sycamore  chain 8.7 

At  Station  55,  or  Smith's  chain 8.9 

At  Le  Claire. 8.4 

The  highest  stage  of  the  water  in  the  year  1867,  at  the  gauge  attached 
to  the  railroad  bridge  at  Davenport,  and  reading  zero  point  equal  to  low 
water  of  1864,  w  as,  June  27,  +  14.4,  and  the  lowest  stage  of  wat^r  in  the 
same  year  was,  December  1,  -f  2.3.  In  the  spring  of  1868,  at  Duck  Creek 
chain,  one  day's  additional  soundings  were  taken  for  the  purpose  of  con- 
uecting  the  excjivated  part  of  the  work  in  the  copper  dam  and  deep 
water,  and  recently  the  current  aud  vekKnty  were  accurately  observe<l 
at  Sycamore  and  Campbell's  chains.  To  ixccomplish  this  the  base  lines 
used  for  sounding  were  occupied  by  two  theodolites,  and  a  float  sub- 
merged to  the  surface  of  the  water  sent  floating  down  stream;  aud  ac- 
curate observations  of  the  same  taken  every  nunute,  to  prevent  mistakes 
as  to  time.  A  timekeeper  was  stationed  between  the  standpoints  of  theo- 
dolites, w^ho  at  15  seconds  before  the  expiration  of  a  full  minute  caused 
a  signal  of  attention  to  be  given ;  at  this  signal  the  observer  clami>ed  his 
instnmient,  and  with  the  tangent  screw  follow^ed  closely  the  small  flag- 
staff in  the  float,  until  at  the  full  minute,  when  another  signal  was  given 
by  the  timekeeper  and  the  bearings  were  simultaneously  taken  at  each 
instrument.    At  Sycamore  16-inch  lines  were  taken  at  intervals  of  from 
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100  to  150  feet,  and  11  of  the  same  were  taken  at  CampbelPs  ehain. 
The  velocity,  that  is  to  say,  the  surface  velocity,  at  Sycamore  chain  varies 
somewhat  on  the  chain  itself.  The  greatest  velocity  is  380  feet  per 
minute,  or  6.20  per  second;  and  the  smallest  220  feet  per  minute,  or  3.40 
X>er  second. 

In  that  portion  of  the  river  between  the  chain  and  the  Iowa  shore  the 
greatest  velocity  is  300  feet  per  minute,  or  6  feet  per  second,  and  the 
smallest  is  180  feet  per  minute,  or  3  feet  per  second. 

At  Campbell's  chain,  the  greatest  velocity  is  200  feet  per  minute,  or 
3.33  per  second,  and  the  smallest  velocity  is  90  feet  per  minute,  or  1.5  per 
second. 

Between  Campbell's  chain  and  the  Iowa  shore,  the  greatest  velocity 
is  180  feet  per  minute,  or  3.0  per  second,  and  the  smallest  is  70  feet  per 
minute,  or  11  per  second. 

The  current  and  velocity  on  the  other  chains  will  be  observed  during 
the  coming  month.  I  would  in  conclusion  add  the  following  items:  The 
river  survey  extends  from  Davenport  to  the  town  of  Le  Claire,  a  distance 
of  14  miles;  28  miles  of  level  were  run  between  the  above-named  places. 
The  surface  of  the  different  chains  which  were  sounded  this  year  con- 
tains 16,300,000  or  nearly  0.6  square  miles. 

Respectfully  submitted. 

E.  F.  HOFFMAITN, 
Lieutenant  35th  Infantry  United  States  Army. 

Brevet  Major  Chas.  J.  Allen, 

Captain  Corps  Engineers. 

[Sketches  accompanying  report  of  E.  F,  Hoffmann,  lieutenant  35th 
United  States  infantry,  pertaining  to  the  improvement  of  the  Rock 
Island  rapids,  Fig.  1  to  Fig  11.] 


HO. 


Absiraet  of  contracts  made  on  account  of  the  improvement  of  the  Rock  Island  rapids  of  the 

Mississippi  river. 


No.  ;   Name  of  contractor. 


Chai.  G.  CaM  &■  Co 


Rciidencc. 


Fulton,  N.  Y. 


Date  of  con* 
tract. 


Jane  28, 1867. 


Nature  of  contract. 


For  removing  tiie  rock — 

At  Smith's  chain 

At  Sycamore  chain 

At  Crab  Inland 

At  St.  LfOnis  chain 

At  Campbell 'tchfdn... 

From  Campbell's  chain  to  Dnck  Creek 

chain 

At  Dnck  Creek  chain 

At  Moline  chain 

At  Lower  chain 


wa 


$H  00 
13  00 
13  00 
13  00 
15  00 

13  00 
10  00 
10  00 
10  00 


J.  H.  WILSON, 
Lieut.  Col.  35th  Infa/ntryj  BvH  Maj.  Qen.  U.  S.  A, 

Unitbd  States  Engineer  Office, 

Keokuk,  lowoj  August  18,  1868. 

28  w— Part  U 
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H  10. 

Ahsti'aet  of  proposals  received  at  the  United  Sicctes  etiffineer^s  offi^x  at 
Davenportj  loica,  June  10^  1868, /or  the  improvement  of  the  Back  Island 
rapids  of  the  Mississippi  river. 


o 


Names  of  bidden. 


Reynolds,  Saulpaugh  &. 
Co. 


(  Charlc 
<F.D.^ 
(  EUiot 


Charles  G.  Case 

Van  Wagenen 
Harroim 


I 

men..  > 


Residence. 


Rock  Island,  III. 


Fnlton,     Oswego 
county,  N.  Y. 


hm 

S^ 

Conditions. 

8^ 

•=►» 

PUi 

Agreeable  to  the 

%\2  50 

terms  of  adver- 

tisement. 

Agreeable  to  the 

11  50 

terms  of  adver- 

tisement. 

S 
(4 


I  certify  that  the  above  abstract  is  correct. 

J.  H.  WILSON, 
Lieut  Col,  35th  Infantry^  Bvt.  Maj.j  Oen,  U,  8.  A, 

United  States  Engineer  Office, 

Keokukj  lowa^  August  18,  1868* 


H.  11. 

Duck  Creek  Chain,  E.  I.  Rapids, 

July  15,  1868. 

Dear  Sir  :  Your  favor  of  the  14th  received  last  eveniug,  I  shall  be 
glad  to  give  any  information  in  my  power  which  you  may  ask  concern- 
ing "power  of  engines,"  chiseling  operations,  &c.;  but  your  request  for 
reply  by  return  mail  gives  me  a  short  time  to  prepare  a  report  of  the 
kind  in  engines  of  chisel  boats  (single)  each  12  horse-power ;  about  two- 
thirds  of  tlieir  capacity  does  the  work. 

Engines  of  dredge  (double)  each  12  horse-power ;  two-thirds  of  their 
capacity  used  in  rock  excavation  and  four-fifths  in  puddling  for  coflfer- 
dams.  Engine  used  for  pumping  coffer-dam  at  Duck  Creek  chain,  8 
horse-power  and  not  enough,  when  worked  to  its  utmost  capacity.  En- 
gines of  steamer  Le  Claire,  when  worked  at  the  greatest  pressure 
allowed  by  license,  20  horse-power  each.  Engines  of  steamer  Pearl  at 
a  moderate  pressure  30  horse-power  each. 

The  first  attempt  (that  I  ever  heard  of)  at  cutting  or  breaking  rock 
under  water  by  means  of  chisels  was  made  in  the  summer  of  1855,  at 
'*  Brown's  Patch"  on  the  lower  rapids,  by  Msgor  I.  G.  Floyd,  United  States 
agent,  and  he  did  claim  to  be  the  originator  of  the  idea.  The  chisel  used 
consisted  of  a  stick  of  oak  timber  twelve  feet  long,  about  one  foot  square* 
with  bars  of  railroad  iron  let  into  the  sides  to  increase  the  weight  ana 
form  "ribands"  to  work  in  the  uprights  of  the  boat  to  keep  the  chisel 
rigid  in  a  vertical  position.  This  timber  was  shod  with  a  conical  socket 
of  wrought  iron  weighing  about  300  pounds,  having  a  pyramidal  point 
of  steel.    The  manner  of  operating  was  similar  to  an  ordinary  pile- 


feet  loDg,  ten  inches  in  diameter,  with  a  pyramidal  steel  point, 
it  3,300  pounds.  The  upper  end  worked  loosely  in  a  "  head"  from 
L  the  chisel  was  suspended.  This  was  to  allow  the  chisel  to  glance 
ut  injuring  the  boat.  This  '^head''  was  made  of  a  combination 
ite  iron,  steel  and  rubber  springs — "Osgood's  patent" — and  that 

only  part  of  the  machinery  that  I  ever  heard  of  being  patented, 
h  I  hear  that  Mr.  Osgood  claims  a  patent  on  the  chisels  used  here, 
Dthing  of  his  manufacture  here  ha«  "patent"  marked  on  it. 
:he  fall  of  1858  these  boats  were  brought  out  in  charge  of  Andrew 
>  esq.,  who  may  be  said  to  have  made  the  idea  of  chiseling  suc- 
d.  Two  months  of  breaking  down  and  repairing  brought  about 
rous  alterations.  The  chisels  were  not  proportionally  constructed, 
he  concussion  on  the  rock  caused  them  to  crystallize  and  break. 
*  patent  heads"  found  to  be  too  heavy,  as  their  own  weight  in 
»  would  cause  them  to  fly  in  pieces.  Chisels  were  lengthened  to 
t  and  weight  increased  to  4,400  pounds;  "heads"  made  of  blocks 
t  wood  bolted  together ;  the  points  of  the  chisels  were  also  altered 
redge  shape.  After  this  their  work  began  to  show,  and  more  rock 
aken  out  in  the  month  of  December  than  had  ever  been  taken  out 
rhole  season  by  other  methods.  1859,  boats  worked  from  20th  of 
till  23d  December^  except  one  month  during  June  freshet.  Did 
work  at  Lower  chain.  1860,  worked  from  6th  of  April  till  last  of 
^r,  then  stopped;  the  appropriation  of  $200,000  being. exhausted. 
1861,  were  sold  to  contractors  on  canal  around  the  falls  of  the 

worked  during  low  water  season  of  1861  and  1862.  The  upper 
5  of  rock  (20  inches)  was  removed,  but  the  next  course  being  nine 
lick  it  was  found  impossible  to  break,  and  their  use  was  abandoned. 
>f  them  was  sold  to  the  Kanawha  Eiver  Improvement  Company,  but 
used,  as  the  work  was  suspended.  Have  worked  in  sandstone, 
esian  and  gray  limestone,  flint,  conglomerate  and  granite  boulders, 
•d  free  stratified  rock  of  any  kind  can  be  worked  to  advantage, 
(at  Duck  creek)  is  the  most  difficult  of  any  that  I  have  ever  seen 
id  and  pay  expenses.  Giving  chisels  that  are  properly  constructed 
d  stratifled  rock  not  over  three  feet  in  thickness,  there  is  no  diffi- 
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make  it  as  complete  as  I  should  have  liked.  All  that  I  have  said  effOc 
cerning  chisels  I  am  an  eye-witness  to,  having  seen  the  whote  of » 
Have  never  heard  of  chisels  being  employed  at  any  other  places,  exo^ 
to  remove  a  large  rock  at  the  steamboat  landing  at  Albany,  IJew  YonS 
•  ••••• 

Very  respectfully,  your  obedient  servant, 

H.  S.  BROWK. 

Mtyor  Charles  J.  Allen, 

U,  8.  EngineerSj  Davenport^  Iowa. 


H  12. 

Duck  Creek,  Iowa,  Jvly  16, 1868. 

Sir  :  In  accordance  with  your  instructions  of  the  23d  ultimo,  thefti 
lowing  report  of  the  operations  upon  Bock  Island  rapids,  daring  tin 
portion  of  the  past  year  that  I  have  been  connected  with  the  work^l 
respectfully  submitted. 

My  connection  with  this  work  commenced  in  the  early  part  of  Octobi 
last.  At  that  time,  the  contractors,  Messrs.  C.  G.  Case  '&  Co.,  were  nal 
ing  preparations  for  the  removal  of  the  obstructions  at  Duck  Creek  chah 
A  coflfer^am,  about  400  feet  long  and  200  feet  wide,  had  been  ooi 
structed,  embracing  the  heaviest  part  of  the  cutting.  Irregular  patcta 
requiring  more  or  less  cutting,  extended  for  some  800  feet  above,  «■ 
1,400  to  1,800  feet  below  the  dam.  These  it  was  proposed  to  reducel 
means  of  chisel  boats,  two  of  which  had  just  been  put  in  operatioat 
the  work  above  the  dam.  These  chisel-boats  consist  of  flat-bottoai 
barges,  provided  with  a  steam-engine  and  maohinery  similar  to  ^i 
a  pile-oriver,  for  raising  and  dropping  a  steel-pointed  wrought-ironshtl 
cadled  a  chisel.  The  boat  is  about  60  feet  long.  The  chisel,  vitt  J 
guides  and  accessory  framework,  is  placed  at  one  end  of  the  boat  fl 
other  is  provided  with  a  "  speed,"  similar  to  those  of  a  dredge.  Neiffl! 
chisel  is  a  windlass,  connected  by  ropes  with  anchors  to  5ie  right  •> 
left,  for  swinging  this  end  of  the  boat ;  the  other  end  being  kept  li 
tionary  by  means  of  the  "speed."  The  manner  of  operating  the  boi^ 
as  follows :  The  depth  of  the  proposed  cutting  below  the  surface  rf* 
water — which  depth  varies  from  day  to  day — ^is  ascertained,  and  a  mrt 
made  on  the  chisel-guide,  with  which  the  head  of  the  chisel  coinM 
when  the  cut  is  deep  enough.  The  boat  is  swung,  by  means  of  the^ 
lass,  till  some  point  of  the  bottom  is  reached  requiring  cutting,  whfl 
succession  of  blows  is  struck  till  the  chisel  reaches  the  required  defi 
While  the  chisel  is  being  raised  for  the  next  blow,  the  boat  is  8^ii>l 
proper  distance  andthecutting  proceeds;  the  faeeor  heading  beingsd^ 
an  arc  of  a  circle  of  about  60  feet  radius.  The  boats  are  usually  pW 
with  the  chisel  down  stream^  and  swing  through  an  are  of  abonll 
degrees.  When  one  furrow  is  complet-ed,  the  boat  is  moved  a  suitJ 
distance  up  stream  by  means  of  a  kedge-anchor,  covering  in  its  progB 
a  strip  of  ground  about  60  feet  wide.  After  the  chisels  have  compW 
their  work,  the  rock  is  removed  by  dredge. 

Considerable  difficulty  and  delay  arose  at  first,  from  the  fact  thai 
chisels  had  been  made  too  heavy  for  the  machinery  provided  for  W4 
ing  them.    It  was  necessary  to  have  their  weight  reduced  from  al] 
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mds  to  about  5,800  pounds,  by  turning  off  the  outside  in  a  lathe. 
lua]  hardness  of  the  rock  at  this  point  was  also  a  source  of  con- 
delay,  it  being  necessary  to  send  the  chisels  to  Chicago  to 
m  sharpened. 

ogress,  on  the  whole,  wa«  such  as  to  demonstrate  the  practica- 
his  method  for  shallow  cuttings.    About  622  cubic  yards  of  rock 
oved  by  the  chisels  and  dredge  during  the  fall. 
3ompanying  sketch  repi'esents  the  coflfer-dam  made  use  of  by 
0.    [For  diagram  see  original.] 

a,  are  wall  pieces,  6  by  8  inch  timber,  about  16  feet  long.  The 
scieu^ed  as  shown  at  e,  and  united  to  each  other,  and  to  the  cor- 
g  timbers  on  the  opposite  side  of  the  dam,  by  tie-rods  fe,  fe,  of 
one-half  by  one  and  one-half  inch.  A  similar  rod  also  passes 
he  middle  of  each  pair  of  timbers.  The  ends  of  these  rods  are 
y  pins  and  collars.  Flaf  iron  is  used  instead  of  round,  for  the 
it  the  holes  for  securing  the  ends  are  made  with  greater  facility, 
being  placed  with  the  flat  side  vertical,  there  is  less  danger  oi 
>U8  cavity  being  formed  underneath  the  rod,  by  reason  of  the 
packing  of  the  filling,  in  which  the  water  might  find  its  way 
he  dam.  e,  e,  planking  of  dam,  two  inches  thick ;  d,  dy  sink- 
,  employed  in  sinking  the  Ipwer  wall  pieces  to  their  places, 
de  of  constructing  the  dam  is  as  follows :  Timber  cribs  are 
loaded  with  stone,  some  30  feet  apart  in  the  clear,  in  a  line 
i  to  the  current,  and  somewhat  above  the  head  of  the  proposed 
nding  several  yards  past  it  on  either  side.  Strong  timbers  are 
one  crib  to  another  on  the  up-stream  sides,  which  stand  to  an 
bout  45  degrees.  A  covering  of  planks  is  laid  along  the  whole 
the  crib- work,  with  one  end  resting  upon  the  timbers  and  the 
n  the  bottom,  forming  a  continuous  obstruction  to  the  flow  of 
,  and  a  large  extent  of  comparatively  still  water  on  the  down- 
le.  Timber  work  for  the  comer  of  the  dam  is  framed  and  sunk 
per  place,  with  two  pairs  of  lower  wall  timbers  attached  by 
tie-rods  to  the  frame  work,  secured  to  each  other  by  the  middle 
be  outer  ends  floating  freely.  Bafts  are  moved  on  each  side  oi 
)f  the  cofferdam,  leaving  sufficient  space  between  them  for 
An  additional  pair  of  lower  wall  timbers  is  then  attached  to 
ng  ends  of  those  already  in,  and  secured  to  one  another  as 
L  pair  of  upper  timbers,  which  come  above  the  surface  of  the 
3  then  attached  to  the  fixed  part  of  the  dam.  The  sinking 
dj  are  spiked  to  the  pair  of  lower  timbers  next  the  fixed  pai^ 
0,  at  right  angles  to  the  length,  and  projecting  some  15  inches 
m.  This  pair  of  timbers  is  now  sunk  till  the  ends  of  the  sink- 
rest  on  the  bottom.  The  upper  timbers  are  raised  a  few  inches 
surface  of  the  water  and  spiked  to  the  sinking  plank.  These 
weighted,  so  as  to  keep  the  timbers  in  place.  The  side  planks, 
I  are  sharpened  at  the  lower  extremity,  are  then  driven  into 
;act  with  the  bottom,  and  spiked  to  the  upper  wall  timbers, 
is  then  ready  for  the  filling. 

rk  of  excavating  the  rock  in  the  space  inclosed  by  the  coffer- 
commenced  about  the  20th  of  October,  and  completed  about 
B  of  December,  1867 ;  the  total  quantity  removed  being  5,184 
is.  Blasting  with  gunpowder  was  the  only  means  emi)loyed 
ing  the  rock. 

rable  loss  was  experienced  by  the  contractors  at  the  breaking 
ce  in  the  spring.    They  had  left  their  boats  in  the  fall,  moored 
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to  the  lower  end  of  the  coffer-dam,  which  they  expected  would  offer  an 
effectual  barrier  to  the  ice.  At  the  breaking  up  of  the  ice,  however,  the 
water  rose  so  as  to  entirely  submerge  the  coffer-dam,  sweeping  away  all 
their  boats  except  the  dredge,  which  was  removed  to  a  safe  x>osition. 
Most  of  the  boats  were  recovered,  but  all  in  a  more  or  less  damaged  con- 
dition. As  soon  as  the  water  became  low  enough,  the  chisel  boats  suid 
dredge  resumed  work  at  Duck  creek  chain,  removing,  up  to  the  30th  of 
June,  1,092  cubic  yards,  making  6,898  cubic  yards  thus  far  removed  from 
this  chain. 

The  contractors  commenced  work  upon  the  Moline  chain  as  soon  as  it 
became  apparent  that  there  was  no  great  reason  t/O  apprehend  a  June 
freshet,  and  had  on  the  30th  ultimo  finished  their  breakwater  and  made 
a  beginning  upon  the  coffer-dam. 

Very  respectfully,  your  obedient  servant, 

JOSEPH  P.  FRIZBLL, 

Civil  Engineer  Assistant 
Brevet  Major  Chas.  J.  Allen, 

Captain  Corps  of  Engineers^  Davenport^  loica. 


Report  upon  the  survey  of  the  Illinois  river. 

United  States  Engineer  Office, 

Dave7iportj  lowa^  December  17,  1867. 

General  :  Having  been  designated  by  direction  of  the  Secretary  of 
War,  through  engineer  orders  dated  Washington,  May  8,  1867,  as  a 
board  "  to  conduct  surveys  and  examinations,  and  to  prepare  plans  and 
estimates  for  a  system  of  naWgation  by  way  of  the  Illinois  river,  between 
the  Mississippi  and  Lake  Michigan,  adapted  to  military,  naval,  and  com- 
mercial purposes,  in  accordance  with  the  act  of  March  2,  1867,''  we 
have  the  honor  to  submit  the  following  report : 

In  carrying  out  the  instructions  of  the  engineer  department,  we  have 
steadily  kept  in  view  the  following  considerations : 

1.  The  selection  of  the  best  route  for  the  purposes  proposed. 

2.  The  capacity  which  should  be  given  to  the  improvement  so  as  to 
adapt  it  most  fully  to  the  requirements  indicated  in  the  orders  of  the 
War  Department. 

3.  The  accomjilishment  of  the  object  with  the  least  possible  cost  con- 
sistent with  the  magnitude  and  permanency  of  the  improvement,  and  in 
such  order  as  to  secure  the  greatest  advantage  to  the  commerce  and 
navigation  of  the  country. 

A  detailed  report  of  the  results  of  the  resurvey  of  the  Illinois  river 
during  the  latter  part  of  1866,  under  the  direction  of  Brevet  Msyor  Gen- 
eral J.  H.  Wilson,  was  made  on  the  17th  of  February,  1867,  but  as  his 
operations  were  confined  to  that  part  of  the  river  below  La  Salle,  it  was 
thought  nec/cssary  to  continue  the  surveys  to  Lake  Michigan  by  all  the 
possible  routes,  before  absolutely  fixing  the  details  of  the  plan  of  im- 
provement. Accordingly,  at  as  early  a  date  as  the  season  would  per- 
mit, we  organized,  under  the  general  authority  heretofore  cited,  three 
surveying  parties  under  the  immediate  supervision  of  Civil  Engineer 
Assistant  James  Worrall,  for  the  purpose  of  making  a  thorough  and 
exhaustive  examination  of  the  entire  region  lying  between  the  southern 


1  of  Uie  lower  illmois.  To  t  lie  tliird  party,  whicli  was  organized 
LBpist,  under  the  control  of  Civil  Engineer  Assistants  L.  L,  Nich- 
B.  E,  McMath,  was  assigned  the  duty  of  making  a  careful  hydro- 
rarvey  of  the  bed  of  the  Illinois  river  from  La  Salle  to  Grafton 
Hississippi,  paying  particular  attention  to  the  location,  cause, 
r,  aud  extent  of  the  different  sand  bars  and  obstructions  to 
in  during  low  water,  also  to  gauging  the  river  and  its  different 
?s,  and  making  examinations  of  the  various  points  likely  to  be 
18  sites  for  locks  and  dams.  Each  of  these  parties  finished  its 
IS  by  the  first  of  December,  having  been  favored  by  fine  weather 
ttremely  dry  season.  For  the  details  of  their  work  the  depart- 
espectfully  referred  to  the  rei>ort  of  Civil  Engiueer  Assistant 
herewith  submitted. 

■  the  summer  we  made  a  personal  examination  of  the  country 
■nded  in  the  survey,  and  have  fully  investigated  all  point^i  of 
onnected  with  the.  proposed  system  of  navigation,  and  by  the 
le  extensive  and  careful  surveys  made  under  qur  direction, 
with  the  survey  of  last  year  made  under  the  direction  of  (len- 
on,  that  of  Mr.  J.  B.  Preston  made  in  1857,  and  fortunately  for 
ligations,  the  large  mass  of  facts  bearing  upon  the  questions 
which  had  been  accumulated  during  the  last  30  years  by  Mr. 
jding,  chief  engineer  of  the  Illinois  and  Michigan  canal,  we 
t  that  all  the  necessary  information  has  been  obtaiiie<l  upon 
base  a  definite  plan  of  improvement,  to  make  a  tiual  and  eco- 
ocation  of  the  general  line  of  works,  and  to  estimate  tbeir  cost 
fgree  of  aceuracj-  not  Iiitberto  attainable. 

ireful  examination  of  the  report  and  profllea  of  this  year's  sur- 
1  the  map  herewith  submitted,  it  will  be  seen  that  the  location 
tsent  canal  from  Bridgeport  to  the  valley  of  the  Des  Plaines 
J  advantageously  or  economically  changed ;  that  it  is  the  best, 
.  md  most  direct  route  which  can  be  found,  there  having  been 
D  enough  work  already  done  in  this  line  to  counterbalance  the 
ut  not  superior  advantages  of  the  slightly  lower  but  more  tor- 
ite  by  the  way  of  Mod  lake ;  that  the  Calumet  river  and  Saga- 
ietc  route,  along  what  is  known  as  the  Calumet  feeder,  would 

lal,  i1i>b1  inotv>  t)ia.n  AiHifr  nf  t.lif  ntliAriS.  hfinir  1i^ricrf>r  aur\    end. 
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of  the  country  reqilire,  the  govemineut  must  follow  the  general  line  of 
the  Illinois  and  Michigan  canal  and  the  Illinois  river.  When  it  is  con- 
sidered that  the  summit  of  the  Fox  and  Wisconsin  river  line  is  315  feet, 
and  that  of  the  Lake  Winnebago  and  Rock  river  is  285  feet  above  tiie 
level  of  Lake  Michigan,  it  will  be  seen  that  the  line  recommended  by 
us  is  the  only  feasible  route  for  deep-water  communication  betw^n  the 
great  lakes  and  the  Mississippi  river,  equally  adapted  to  military,  naval, 
pu«  commercial  purposes. 

PLAN  OF  IMPE0VE3IENT. 

We  have  therefore  to  respectfully  recommend  that  the  improvement 
in  question  shall  be  made  by  widening  and  deepening  the  present  canal 
from  Bridgeport  to  the  head  of  Lake  Joliet,  with  the  exception  of  a 
section  of  11 J  miles  between  Summit  and  "the  Sag,"  where  it  wiU 
be  cheaper  to  excavate  an  independent  canal.  From  Lake  Joliet  to 
Mai'seilles  the  line  should  follow  the  bed  of  the  river,  the  necessary 
depth  being  secured  by  a  system  of  locks  and  dams.  At  Marseilles  it 
will  be  necessary  to  construct  a  piece  of  indei)endent  canal  in  order  to 
pass  the  Grand  Eapids  of  the  Illinois — sti*iking  the  river  again  at  or 
above  Ottawa,  as  may  be  found  most  economical.  From  the  latter  point 
to  the  mouth  of  the  river,  the  necessary  navigation  should  be  secured 
by  a  system  of  dams  and  locks.  It  is  also  recommended  that  all  the 
canal  on  this  line  shall  have  a  tvidth  of  not  less  than  160  feet,  and  a  navi- 
gable depth  of  six  feet,  corresponding  to  the  lowest  known  level  of  the 
water  in  Lake  Michigan,  an  average  depth  of  between  seven  and  eight 
feet ;  that  the  present  summit  shall  be  cift  down  so  as  to  secure  this 
depth  in  the  •canal  from  the  inexhaustible  reservoir  of  Lake  Michigan. 
The  locks  in  this  improvement,  in  order  to  admit  of  their  fullest  use  by 
naval  and  commercial  vessels,  should  be  356  feet  long  between  the 
gates,  75  feet  wide  in  the  chamber,  and  give  a  minimum  draught  of 
seven  feet.  The  slack  water  of  the  Illinois  should  be  made  so  as  to 
secure  a  navigable  depth  of  seven  feet  at  the  lowest  known  stages  of 
water.  The  whole  to  be  constructed  in  a  durable  and  substantial  man- 
ner, without  display  or  ornament,  but  with  the  single  object  in  view  of 
securing  the  greatest  amount  of  utility  at  the  least  practicable  cost. 

GENEBAIi  CONSIDERATION  OF  THE  PROPOSED  XMPROYEMENT. 

No  fact  can  be  better  established  than  that  the  system  of  navigation 
between  the  Mississippi  and  Lake  Michigan,  by  way  of  the  Illinois  river, 
should  be  adapted  to  the  steamboats  and  barges  employed  in  the  navi- 
gation of  the  Mississippi  and  its  principal  tributaries,  and  not  to  ocean 
and  lake  vessels,  except  such  as  are  required  for  the  diefence  of  our  lake 
commerce  and  cities.  In  other  words,  the  produce  of  the  west,  on  its 
way  to  eastern  markets,  must  be  transferred  to  a  different  class  of  ves- 
sels as  soon  as  it  reaches  the  lakes ;  and  hence,  in  determining  the 
dimensions  of  the  canal,  it  will  be  amply  sufficient  for  all  practicable 
purposes  to  arrange  it  for  the  navigation  of  the  largest  class  of  river 
steamboats.  '^  It  will  be  remembered  that  the  western  steamboats  are 
built  with  overhanging  guards,  so  that  a  boat  75  feet  wide  over  sdl  will 
not  usually  exceed  45  feet  in  the  hull.  Assuming  this  as  a  maximum 
width  of  hull,  with  a  depth  of  six  and  a  half  feet,  the  theoretical  width 
of  the  water  surface  in  which  the  boat  could  move  as  in  an  indefinite 


uidoccopy  the  river,  ratber  than  eularge  the  canal  to  the  requi- 
imeDgiona. 

)  canal,  from  a  point  eight  miles  southwest  of  Chicago,  follows  the 
of  the  Des  Plaiues,  a  tributary  of  the  Illinois,  uutil  it  forms  a 
90  with  the  Kankakee  river,  some  50  miles  southwest  of  Chicago, 
which  the  river  is  known  upon  the  map  as  the  Illinois,  The  lat- 
De  wonld  have  been  most  appropriat*  for  tlie  Kankakee  above 
Mot,  as  it  is  the  main  river,  and  Des  Plaiues,  in  low  water,  cou- 
«  ft  comparatively  Insignificant  quantity  to  its  volume. 
Kaukakee  supplies  water  sufiieient  to  make  a  good  slack-water 
tiou;  the  Des  Flaines  of  itself  does  not,  and  although  the  direc- 
the  former  van  such  that  it  was  not  probable  that  a  favorable 
tian  with  Lake  Michigan  could  be  mode  through  its  channel,  yet 
deemed  advisable  to  determine  that  fact  beyond  cavil.  We, 
re,  caused  a  survey  of  the  river  to  be  made  from  its  mouth  to 
e  east  line  of  the  State  of  Illinois,  where  it  has  but  little  current 
uos  by  numerous  crooked  channels  a  large  extent  of  counti? 
he  Kankakee  marshes,  but  embracing  much  valuable  land,  por* 
vbich  are  well  timbered.  These  surveys  and  examinations,  as  the 
Buying  report  will  show,  have  been  highly  satisfactory,  and  fur- 
nuch  useful  information.  The  question  of  a  connection  through 
innel  with  Lake  Michigan,  for  an  improvement  of  large  capacity, 
n  definitely  settled: 

ere  is  too  great  an  elevation  (100  feet  where  the  line  was  run) 
the  Kankakee  and  the  Calumet  rivers,  through  which  the  con- 
could  be  most  cheaply  made,  if  made  at  all 
i  Kankakee  river,  which  at  the  State  line  is  40  feet  above  Lake 
o,  would  not  afford  sufficient  water  to  supply  a  canal  and  lock- 
I  ways  for  a  maximum  business. 

i  distance  would  be  50  miles  greater  than  by  the  Illinois  and 
D  canal,  if  the  connection  were  made  with  the  lake  at  the  month 
lalumet,  which  is  the  best  point  south  of  Chicago. 
B  believed  to  be  impossible  to  construct  a  good  and  safe  harbor 
lonth  of  the  Calumet,  available  at  all  times,  and  no  other  should 
ted  aa  the  termiuus  of  the  proposed  improvement. 
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the  canal  and  railroads  to  this  portion  of  the  river,  and  the  numerons 
dams  and  large  amount  of  lockage  necessary  to  improve  it,  render  it 
entirely  improbable  that  tolls  enough  could  be  collected  to  pay  the  cost 
of  superintendence  and  repairs,  to  say  nothing  of  the  cost  of  constmc- 
tion. 

For  particulars  in  regard  to  the  character  of  the  river  and  expense  of 
its  improvement,  reference  may  be  had  to  the  accompanying  report  of 
Colonel  Worrall. 

For  a  canal  and  river  improvement  of  a  capacity  sufficient  to  pass 
such  gunboats  a«  required,  and  river  steamers  of  800  and  1,000  tons 
burden,  from  the  Mississippi  to  Lake  Michigan,  no  other  route,  in  our 
judgment,  can  be  compared  with  that  by  the  Illinois  river,  and  the  Illi- 
nois and  Michigan  canal.  It  follows  the  course  of  what  was  unquestion- 
ably once  the  great  outlet  of  the  lakes  towards  the  Gulf  of  Mexico,  and 
through  which  only  is  it  now  practicable  to  again  turn  their  waters  in 
that  direction.  On  all  other  routes  proposed  there  is  a  considerable  ascent 
from  the  lake  to  the  summit,  involving  the  necessity  of  an  additional 
amount  of  lockage  and  of  providing  a  supply  of  water  from  sources 
much  less  reliable  than  that  inexhaustible  reservoir,  Lake  Michigan. 

The  Des  Plaines  river  rises  in  the  State  of  Wisconsin  and  runs  nearly 
due  south,  parallel  with  the  lake  shore,  and  generally  not  more  than 
eight  or  ten  miles  from  it,  until  it  reaches  a  point  about  13  miles  in  a 
southwest  direction  from  the  mouth  of  Chicago  river.  Here  is  a  slight 
depression,  a  mile  or  more  in  width,  extending  across. from  the  Des 
Plaines  to  the  south  branch  of  Chicago  river,  through  which  a  part  of 
the  waters  of  the  former  river,  in  time  of  floods,  flow  into  the  lake.  In 
this  depre.ssion  is  what  was  once  known  as  Portage  lake,  (so  designated 
on  the  old  maps  of  the  country,)  but  now  better  known  as  Mud  lake, 
a  succession  of  shallow  ponds  on  the  same  level  connected  with  each 
other  and  with  the  Des  Plaines  river,  and  extending  about  six  miles 
towards  Chicago  river.  This  was  the  portage  or  carrying  place  between 
the  waters  of  the  lakes  and  the  Mississippi  made  memorable  by  the 
early  French  voyageurs^  and  so  well  known  to  fur  traders.  But  Portage 
or  Mud  lake  has  ceased  to  exist,  the  shallow  ponds  ha\ing  been  drain^, 
and  the  impassable  swamps  rendered  valuable  land. 

There  can  be  no  doubt  that  through  this  depression  there  was  once 
an  outlet  from  the  lakes  to  the  Mississippi,  which  was  closed  by  the  reces- 
sion of  the  waters  of  the  lakes.  Even  now  at  the  present  stage  of  Lake 
Michigan  its  surface  is  only  between  eight  and  nine  feet  below  this  sum- 
mit. The  Des  Plaines  river,  from  the  depression  described,  changes  its 
course  and  runs  in  nearly  a  southwest  direction  until  it  forms  a  junction 
with  the  Kankakee.  The  river  itself,  except  in  floods,  is  very  shallow, 
being  often  reduced  in  dry  seasons  to  a  mere  brook,  discharging  less 
than  1,000  cubic  feet  of  water  per  minute.  But  the  valley  averages  a 
mile  wide,  and  is  terminated  on  both  sides  by  well-marked  terraces 
which  become  higher  and  higher  as  they  approach  the  Illinois.  Evi- 
dence at  every  step  presents  itself  that  the  water,  when  this  was  the 
great  outlet  of  the  lakes,  extended  from  bluflf  to  bluff. 

The  Illinois  and  Michigan  canal,  from  the  commencement  of  the 
through  cut,  at  a  point  on  the  south  branch  five  and  a  half  miles  above 
the  mouth  of  Chicago  river,  is  constructed  for  the  distance  of  eight 
miles  on  a  tangent  line  to  summit,  where  it  reaches  the  vaUey  of  the 
Des  Plaines,  down  which  it  flows  to  the  mouth  of  this  stream,  and 
thence  down  the  valley  of  the  Illinois  (which  in  this  part  of  its  course 
averages  about  one  and  a  half  mile  wide)  to  La  Salle,  its  western  ter- 
minus. 
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We  are  fully  satisfied,  from  a  thorough  examination  and  survey  of  the 
canal  and  the  country  contiguous,  that  for  the  most  of  the  distance  from 
Chicago  river  to  the  vicinity  of  Joliet,  it  will  be  expedient  to  follow  the 
present  line  of  canal,  enlarging  and  deepening  it  (when  deepening  is 
required)  to  the  requisite  capacity.  By  far  the  most  expensive  part  of 
the  whole  contemplated  improvement  will  be  between  Chicago  and  Lock- 
port,  where  the  first  lock  was  located  on  the  plan  of  the  canal  adopted 
by  the  canal  commissioners  of  the  State  of  Illinois  in  1836.  A  part  of 
the  work  was  executed  upon  this  "deep  cut  plan,^  which  was  to  cut 
down  the  summit  level  and  draw  the  supply  of  water  directly  from  Lake 
Michigan. 

The  canal  upon  that  plan  would  have  been  throughout  not  less  than 
60  feet  wide  at  surface,  36  feet  on  the  bottom  in  earth,  and  48  feet  in 
rock  excavation,  and  six  feet  deep  at  the  lowest  stage  of  Lake  Michigan, 
(the  extreme  periodical  fluctuations  of  which  are  about  four  feet.)  The 
capacity  of  the  canal  was  not  diminished  by  the  change  of  plan  in  1845 
from  the  deep  to  the  shallow  cut.  The  only  change  was  upon  the  summit 
division  where  the  level  was  raised  from  eight  to  ten  feet  above  the  bot- 
tom of  the  proposed  deep  cut,  and  water  supplied  from  the  Des  Plaines 
river,  the  Calumet  feeder,  and  by  the  pumping  works  at  Bridgeport. 

The  length  of  the  canal  from  its  commencement  at  Chicago  to  its  ter- 
minus at  La  Salle  is  precisely  the  same  as  upon  the  original  plan,  96^ 
miles. 

The  excavations  which  have  been  made  in  constructing  the  present 
canal  on  the  raised  level,  and  those  which  were  formerly  made  whilst 
the  work  was  in  progress  on  the  '*  deep  cut''  plan,  have  determined  with 
considerable  certainty  the  character  of  the  most  of  the  material  to 
be  excavated.  The  first  eight  miles,  except  two  or  three  feet  upon  the 
sorface,  consists  almost  entirely  of  indurated  clay,  exceedingly  hard,  but 
which  is  now  being  successfully  excavated  by  steam  dredges ;  a  few 
veins  of  quicksand,  of  no  great  thickness  or  extent,  have  been  found  on 
this  part  of  the  line,  and  it  is  not  believed  that  they  will  cause  any 
serious  embarrassment  in  the  construction  of  the  enlarged  canal.  The 
excavation  of  this  part  of  the  canal  from  the  original  surface  will  vary 
from  13  to  19  feet. 

At  eight  miles  from  Chicago  the  canal  enters  the  valley  of  the  Des 
Plaines  river,  and  the  character  of  the  excavation  becomes  much  more 
difficult.  For  the  next  11 J  miles  a  large  part  of  the  material  to  be  exca- 
vated consists  of  cemented  clay  and  gravel,  or  hard  clay,  in  which  a  large 
quantity  of  boulders  are  embedded.  Much  of  this  work,  and  probably 
the  most  of  it,  can  be  excavated  with  powerful  steam  dredges,  but  the 
operation  will  necessarily  be  slow  and  expensive. 

There  are  in  places  considerable  quantities  of  rock  ^stratified  limestone) 
that  will  vary  in  depth  above  bottom  from  two  or  tnree  to  eight  or  ten 
feet.  This,  however,  will  be  a  comparatively  small  part  of  the  whole 
excavation.  The  depth  from  the  original  surface  will  generally  vary 
from  17  to  19  feet.  We  are  of  the  opinion  that  it  will  be  found  expedient 
in  constructing  a  canal  of  so  large  capacity  as  the  one  proposed,  in  a 
material  of  such  exceedingly  difficult  character,  to  make  it  entirely  out- 
side of  the  present  line,  so  that  the  whole  work  may  be  prosecuted  in  the 
most  advantageous  manner  at  all  seasons  of  the  year  without  interfering 
with  the  navigation  of  the  canal. 

Should  the  line  be  changed  as  we  suggest,  it  should  be  located  par- 
allel with  the  present  canal,  and  for  the  most  of  the  distance  so  near  to 
it  as  to  leave  only  room  for  the  deposit  of  the  material  excavated.    The 
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facilities  for  construction  would  be  much  greater  on  the  new  than  the 
present  line,  and  although  the  quantity  of  excavation  would  be  consider- 
ably increased,  the  aggregate  cost  probably  would  not.  On  the  present 
line  the  construction  of  the  walls  to  protect  the  banks,  and  the  excava- 
tions of  stratiiied  rock  and  such  other  material  as  cannot  be  excavated 
by  steam  dredges,  must  be  prosecuted  wholly  during  the  suspension  of 
canal  navigation,  but  on  the  new  line  the  work  could  progress  steadily 
to  completion.  ,     . 

At  the  distance  of  about  18^  miles  from  the  commencement  of  the 
canal  at  Chicago  river,  a  bed  of  stratified  limestone  extending  entirely 
across  the  valley  (though  not  rising  above  the  general  surface)  presente 
itself  and  continues  to  the  running  out  of  the  lake  level  near  Lockport 
This  rock,  where  it  has  not  been  disturbed  by  the  excavation  of  the 
present  .canal,  is  covered  with  a  slight  alluvial  deposit,  generally  one  or 
two  feet  in  depth,  but  in  some  places  even  less.  From  the  commence- 
ment of  this  rock  excavation,  a  mile  below  the  mouth  of  the  Oakunet 
feeder  to  Summit  lock  No.  2,  below  which  the  eanal  was  completed  on 
the  *'deep  cuf  plan,  the  levels  on  the  natural  surface  of  the  rock  range 
from  11  to  18  feet.  This  distance  is  7 J  miles,  and  only  235,000  cubic 
yards  of  rock  remain  to  be  excavated  to  •  complete  the  canal  on  the 
original  plan,  nearly  1,000,000  yards  having  been  already  excavated. 

Our  estimate  for  the  summit  division  (from  Chicago  to  the  running 
out  of  the  lake  level  at  Lockport)  are  intended  to  make  the  bottom  of 
our  supposed  enlarged  canal  conform  to  that  of  the  present  cimal  where 
it  is  excavated  to  the  depth  required  upon  the  original  "deep  cuf^  plan. 
That  plan  was  intended  to  give  a  depth  of  six  feet  at  the  commeuce- 
ment  of  the  through  cut  below  the  very  lowest  stage  of  Lake  Michigan, 
and  this  stage  has  occurred  but  once  ih  the  last  31  years,  and  then  only 
for  a  very  brief  period.  At  an  average  low  stage  of  the  lake  there 
would  be  a  depth  of  not  less  than  7  feet,  and  at  present,  a  medium  stage, 
8  feet.  The  highest  stage  which  has  occurred  in  the  last  31  years  woSd 
have  given  a  depth  of  10  feet.  It  was  intended  to  give  a  declivity  on 
the  bottom  of  the  canal,  upon  the  original  plan,  of  ten-hundredths  of  a 
foot  per  mile,  or  two  and  nine-tenths  feet  for  the  whole  summit  division. 
Our  levels  show  some  five  inches  less,  but  we  deem  the  declivity  quite 
sufficient,  and  in  our  estimates  have  included  the  cost  of  making  the 
lock  and  the  embankments  at  the  lower  end  of  the  summit  level  high 
enough  to  diminish  the  current,  if  necessary,  by  diminishing  the  dechv- 
ity  at  surface,  and  increasing  the  depth,  of  course,  on  the  lower  portion 
of  the  level. 

From  Chicago  to  Lockport,  where  the  first  lock  below  the  lake  level  is 
located,  we  have  already  stated  that  for  the  most  of  the  distance  the 
larger  canal  proposed  should  embrace  the  present  canal.  Where  the 
line  is  changed  it  will  be  mainly  with  a  view  to  increase  facilities  in  con- 
struction, and  not  because  any  particular  advantage  can  be  obtained  in 
the  nature  of  the  ground.  The  difficulties  of  construction  would  origin- 
ally have  been  substantially  the  same  on  each. 

For  half  the  distance  between  Lockport  and  Joliet,  no  advantages  can 
be  gained  by  any  deviation  from  the  present  line,  but  some  expense  may 
be  saved  by  a  different  adjustment  of  lockage  on  the  enlarged  canal. 

Below  this  point  three  different  lines  were  surveyed  to  the  head  of 
Lake  Joliet,  an  expansion  of  the  Des  Plaines  river,  two  miles  below  the 
city  of  Joliet. 

The  Jirst  of  these  lines  follows  the  present  canal  through  Joliet,  and 
the  pools  formed  by  the  two  dams  across  the  Des  Plaines  now  in  use 
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would  be  occupied  by  the  proposed  improvement.  These  dams  are  built 
of  stone  upou  a  rock  foundation,  and,  having  stood  more  than  20  years 
without  injury,  may  be  regarded  as  sufficiently  i)ermanent.  It  will 
require  considerable  rock  excavation  under  water  to  form  a  channel  of 
sufficient  width  for  the  proposed  improvement,  and  there  will  be  con- 
siderable difficulty  in  obtaining  the  necesstu^y  room  at  and  near  the  two 
dams  without  iiy ury  to  the  improved  property,  or  that  which  is  regarded 
as  very  vahiable.  A  short  distance  below  the  lower  dam  the  line  for  the 
proposed  improvement  would  leave  the  present  canal  and  be  made  as 
direct  to  the  head  of  Lake  Joliet  as  practicable. 

The  second  line  leaves  the  present  canal  near  the  State  penitentiary 
and  passes  through  the  eastern  point  of  the  city  in  a  depression  known 
as  the  slough,  crossing  Hickory  creek  20  chains  above  its  mouth,  thence 
following  near  the  foot  of  the  bluff  on  the  east  side  of  the  valley  to  the 
head  of  the  lake. 

The  third  line  follows  the  foot  of  the  bluff  on  the  east  side  of  the  val- 
ley, keeping  entirely  out  of  the  limits  of  the  city  to  the  head  of  the  lake. 

The  relative  advantages  and  disadvantages  of  these  three  respective 
lines  are  fully  set  forth  in  Colonel  Worrall's  accompanying  report,  and 
whichever  be  adopted,  the  work  can  be  so  constructed  as  to  render  it 
permanent  and  free  from  any  dangerous  contingencies.  From  the  head 
of  Lake  Joliet  to  La  Salle  no  part  of  the  present  canal  can  be  made 
available  if  the  Des  Plaines  and  Illinois  rivers  be  occupied  by  any  por- 
tion of  the  improvement.  Having  once  locked  down  to  the  level  of  the 
river  the  canal  will  be  at  a  greater  elevation  than  the  proposed  improve- 
ment, and  cannot  therefore  form  a  part  of  it,  or  diminish  its  cost. 

The  question  of  enlarging  the  canal  to  the  requisite  capacity  (say  160 
feet  wide)  throughout  its  entire  length,  has  been  thoroughly  investi- 
gated by  us,  and  all  the  arguments  in  favor  of  such  enlargement,  as  com- 
pared with  a  river  improvement  running  parallel  with  it,  duly  con- 
sidered. 

1.  The  present  canal,  for  a  canal  of  its  capacity,  is  well  located,  but 
at  two  or  three  points,  as  at  the  Kankakee  bluffs  near  the  junction  of 
the  E^ankakee  and  Des  Plaines  rivers,  and  at  the  Bockwell  bluff,  a  short 
distance  above  La  Salle,  the  canal  could  not  be  enlarged  to  160  feet  in 
width,  except  at  great  cost,  nor  without  rendering  the  work  very  inse- 

.cnre  when  completed. 

2.  The  construction  of  numerous  bridges,  culverts,  waste  weirs, 
ditches,  &c.,  and  three  or  four  expensive  aqueducts,  and  the  expense  of 
repairs  and  renewals  for  all  time  to  come,  would  be  a  most  serious 
objection. 

3.  The  construction  of  vertical  or  slope  walls  through  all  earth  work 
for  the  protection  of  the  banks,  and  lining  a  portion  of  the  canal  where 
the  excavation  will  be  in  coarse  gravel,  would  be  exx>ensive  and  require 
more  or  less  annual  repairs. 

4.  The  navigation  of  a  canal  160  feet  wide  and  7  feet  deep  with  large 
steamboats  would  be  vastly  inferior  to  that  of  a  river  from  three  to  five 
times  as  wide  and  generally  of  greater  depth. 

5.  On  the  other  hand,  the  enlarged  canal  would  not  be  subjected  to 
any  considerable  danger  from  gorges  of  ice,  which  are  sometimes  form- 
idable in  the  Illinois  river,  and  which  must  be  strongly  guarded  against 
in  the  construction  of  the  locks  and  dams  for  the  river  improvement. 

6.  The  enlargement  of  the  canal  would  more  directly  benefit  certain 
fixed  interests,  as  warehouses,  &c.,  built  with  reference  to  the  business 
of  the  present  canal,  than  the  river  improvement. 
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After  comparing  carefdlly  the  advantages  and  disadvantages  ^  ^^ 
two  modes  of  improvement,  we  have  no  hesitation  in  recommendi^-*».^ 
river  route  from  the  head  of  Lake  Joliet  to  the  mouth  of  the  river  ^^^*^ 
only  sucli  short  reaches  of  canal  at  the  difterent  locks  as  may  be  :f^^^^ 
necessary. 

From  Marseilles  to  Ottawa,  where  the  fall  in  the  Illinois  river  i^    J^J^ 
rapid,  including  what  was  formerly  known  as  the  "  Grand  Rapids  ^^^  ^^ 
Illinois,"  it  will  doubtless  be  best  to  construct  an  independent  cam.^^  ^^ 
lower  levels  than  the  present  canal,  and  this  canal  may  be  brought  T^^'t 
into  the  river  at  a  point  two  miles  below  Marseilles  or  at  the  mow^  ^ 
Fox  river,  depending  in  some  degree  upon  the  local  mauufaetuJ^I 
interests,  which  should  be  accomm^ated  so  far  as  can  be  done  wil/i^'L 
materially  adding  to  the  cost  of  the  work  or  marring  its  efficiency  f^ 
purposes  of  navigation. 

SLACK  V7ATER.— ARGUMENTS  IN  FAVOR  OF  RIVER  IMPROVEMEKTS. 

In  adopting  the  river  improvement  below  Lake  Joliet  instead  o^ 
enlarging  the  canal,  we  have  been  governed  by  the  following  reasons: 

1.  It  is  the  cheapest  improvement  in  its  original  construction  andcaa 
be  made  in  the  shortest  time,  and  without  interfering  in  any  respect 
with  the  use  of  the  present  canal  during  the  construction. 

2.  The  pools  of  the  dams  being  broker  and  deeper  than  the  canal, 
the  navigation  will  be  easier,  and  steamers  with  many  barges  in  tow  can 
pass  each  other  much  more  rapidly. 

3.  If  it  be  desired  hereafter  to  make  the  improvement  of  greats 
capacity,  it  can  be  done  at  a  very  small  cost,  by  simply  raising  the  height 
of  the  dams. 

4.  As  all  the  water  drawn  from  Lake  Michigan  and  received  into  the 
Des  Plaiues  and  Illinois  rivers  from  tributary  streams  will  contribute 
to  their  channels  for  navigation,  none  of  it  being  lost  by  filtration,  the 
full  depth  requisite  can  be  more  certainly  maintained  than  in  a  canal 

5.  The  works  necessary  to  make  the  improvement,  consisting  mainly 
of  locks  and  dams,  if  constructed  in  a  permanent  manner  in  suitable 
locations,  (as  they  should  be  if  constructed  at  all,)  the  expense  of  super- 
intendence and  annual  repairs  will  be  less  than  required  for  an  indepen-. 
dent  canal,  and  to  those  acquainted  with  the  expenses  and  difficulties  of? 
maintaining  canals,  this  will  be  recognized  as  a  consideration  of  greats 
importance. 

It  has  been  asserted  that  it  is  unnecessary  to  provide  for  a  navigable^ 
depth  of  seven  feet  in  the  Illinois  river  when  the  Mississippi  river  itselfi 
below  the  mouth  of  the  Illinois  has  at  times  a  less  depth  than  this.  We^ 
have  ftdly  considered  this  objection,  urged  mainly  against  the  improved 
ment  by  locks  and  dams,  and  for  the  following  reasons  think  it  should^ 
be  disregarded : 

1.  There  is  usually  but  a  short  period  during  the  season  of  navigation 
when  there  is  not  a  depth  of  water  of  six  or  seven  feet  in  the  Missis- 
sippi below  the  mouth  of  the  Illinois,  and  frequently  the  Mississippi; 
being  high  from  melting  snows  about  its  source,  or  that  of  the  Missoun, 
affords  good  navigation  for  the  largest  boats  when  the  Illinois  is  scared^ 
na^^gable  at  all. 

2.  We  entertain  no  doubt  that  the  depth  of  water  in  the  Mississippi 
from  the  mouth  of  the  Illinois  to  that  of  the  Ohio  can  be  materi^ 
increased  during  the  dry  season  by  a  judicious  system  of  improvement 
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The  interests  of  commerce  and  navigation  now  require  and  mnst  neces- 
sarily compel  the  commencement  of  such  an  improvement  before  lapse 
of  many  years. 

3.  It  is  manifestly  necessary  to  secure  a  depth  of  at  least  seven  feet, 
which  shall  be  always  available,  if  this  artificial  navigation  should  ever 
be  required  for  "  military  and  naval  purposes,''  and  we  deem  it  sound 
policy  to  secure  this  depth  of  water  for  commercial  purposes  if  it  can 
be  done  without  a  disproportionate  increase  of  cost.  It  is  a  well-known 
fact  that  vessels  of  every  class  are  propelled  at  much  greater  speed  and 
economy  in  deep  than  is  possible  in  shallow  water. 

4.  The  depth  of  seven  feet  through  three  hundred  and  twenty-two 
miles  of  navigation,  traversing  one  of  the  most  productive  countries  in 
the  world,  can  be  secured  beyond  any  contingency  by  the  plan  proposed, 
at  a  cost  only  slightly,  if  any,  in  excess  of  what  it  must  cost  to  make 
an  open  channel  navigation  only  four  feet  deep. 

When  it  is  considered  that  it  is  by  no  means  certain  that  the  latter  is 
practicable  at  any  cost,  and  that  the  former  would  be  at  least  three 
times  as  valuable  for  all  purposes,  there  remains  but  little  room  to 
doubt  which  plan  should  be  adopted. 

From  the  reports  and  profiles  herewith  it  will  be  seen  that  this  sys- 
tem of  improvement  will  submerge  but  little  if  any  valuable  land.  The 
height  of  the  bottom  lands  above  low  water  in  the  river,  except  such  as 
are  now  low  and  marshy  and  inundated  by  a  slight  rise  of  water,  is  gen- 
erally not  less  than  from  10  to  15  feet,  and  in  many  places  from  18  to  20 
feet.  The  maximum  height  to  which  the  water  at  the  lowest  stage  will 
be  raised  by  the  highest  dam  will  be  only  six  or  seven  feet  at  the  dam, 
and  this  will  gradually  diminish  from  the  lower  to  the  upper  end  of  the 
pool,  where  it  will  be  raised  only  two  or  three  feet.  All  such  lands, 
therefore,  as  would  be  overflowed  by  the  construction  of  the  dams 
would  be  overflowed  now  by  a  slight  rise  of  the  river,  and  cannot  con- 
sequently be  considered  veiy  valuable.  From  extensive  observation 
and  inquiry  we  are  of  the  opinion  that  the  influence  of  these  dams  upon 
the  health  of  the  country  lying  immediately  along  the  river  will  be  ben- 
eficial rather  than  injurious. 

Amongst  the  many  improvements  to  which  our  attention  has  been 
called  in  relation  to  the  question  of  health,  we  refer  confidently  to  the 
Monongahela  and  other  slack- water  improvements  in  Pennsylvania,  the 
Muskingum,  in  Ohio,  the  Green  and  Barren  rivers,  in  Kentucky,  the 
artificial  canal  reservoirs  in  New  York,  Ohio  and  Indiana,  and  to  the 
Bideau  canal  and  Grand  river  slack- water  improvements  in  Canada. 

By  referring  to  the  report  of  civil  engineer  assistants  Ulffers  & 
McMath,  it  will  be  seen  that  most  of  the  sand-bars  in  the  Illinois  river 
are  due  to  local  causes,  and  are  undergoing  but  little  change.  Reason- 
ing from  cause  to  effect,  we  should  not  expect  these  sand-bars  to  be 
materially  increased  by  the  change  which  would  be  made  in  the  bed  of 
the  river  by  the  proposed  improvement,  but  to  the  contrary,  as  the  level 
of  the  water  is  raised  by  the  dams,  the  tendency  will  l)e  to  cause  all 
affluent  streams  carrying  sediment  to  deposit  it  in  the  dead  water  within 
their  own  mouths,  before  they  reach  the  main  river.  Where  the  afflu- 
ents enter  the  river  without  flowing  for  any  distance  through  the  bot- 
tom lands,  the  sediment  which  they  would  otherwise  bring  into  the 
pools  may  be  almost  entirely  cut  off  by  small  dams  a  short  distance 
above  their  mouths.  Such  dams  should  be  built,  no  matter  what  plan 
of  improvement  may  be  ultimately  adopted. 

The  dams  for  raising  the  river  levels  when  constructed  will  be  no 
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more  likely  to  produce  deposit  in  the  pools  above  them  than  the  bars 
and  shoals  at  present  in  the  deeper  portions  of  the  river  above  them, 
and  experience  has  already  demonsti-ated  that  no  obstructions  need  be 
anticipated  from  this  cause. 

Extensive  obstructions  of  slack-water  improvements  elsewhere  have 
confirmed  our  previous  convictions  that  there  is  no  danger  of  any  mate- 
rial damage  or  expense  from  deposit  in  the  pools  of  the  dams.  We 
entertain  no  doubt  that  these  dams  can  be  so  constructed  as  to  be  in 
little  or  no  danger  from  ice  or  floods  and  of  such  materials  as  to  last 
many  years. 

There  are  now  dams  of  various  heights,  built  upon  various  plans, 
which  have  been  standing  for  the  last  15  or  20  years  ^and  some  even 
longer)  in  Pennsylvania,  Ohio,  Indiana,  Kentucky,  ana  several  oth^ 
States,  and  in  the  Canadas,  many  of  which  have  required  but  small 
repairs  and  bid  fair  to  last  for  years  to  come.  It  is  believed  that  the 
dams  which  it  is  proposed  to  build  across  the  Illinois  river  can  be  made 
quite  as  secure  as  any  of  these,  notwithstanding  the  defective  nature  of 
the  foundations,  as  it  is  not  proposed  to  raise  the  highest  more  than 
seven  feet  from  low-water  mark. 

There  is  probably  no  river  in  the  United  States  of  a  length  equal  to 
the  Illinois  from  La  Salle  to  its  mouth  (222  miles)  which  would  have  its 
width  and  current  so  little  affected  by  a  succession  of  dams  which  would 
deepen  the  water  for  the  whole  distance,  as  this  river.  The  aggregate 
fall  is  only  28.62  feet,  or  an  average  of  about  1 J  inch  i)er  mUe.  The 
river  is  in  fact  a  Tiatural  canal^  but  the  depth  of  water  is  not  quite  suffi- 
cient for  a  good  navigation  without  checking  the  current  by  placing  bar- 
riers across  it.  These  barriers  or  dams  wifi  not  make  dead  water  any- 
where in  the  channel  of  the  river,  but  merely  diminish  the  velocity  of 
the  current,  and  that  to  such  a  moderate  extent  as  to  be  hardly  i>eroep- 
tible  to  the  casual  observer. 

The  water  in  the  Illinois  river  at  La  Salle  at  the  time  of  the  highest 
flood  which  has  ever  occurred 'since  the  settlement  of  the  country  (Feb- 
ruary, 1832)  was  about  28  feet  above  low-water  mark.  In  all  the  great 
floods  since  that  period  the  water  has  covered  the  bottoms  from  bluff  to 
bluff,  making  the  river,  say,  from  a  mile  to  a  mile  and  a  half  in  width, 
which  at  such  times  has  a  strong  current.  It  is  obvious,  then,  that  dams 
which  would  raise  the  water  at  the  lowest  stage  but  six  or  seven  feet 
would  have  no  perceptible  effect  in  time  of  floods.  The  width  ana 
velocity  being  both  increased  to  such  an  extent  in  high  water,  the  quan- 
tity of  water  in  the  river  at  a  low  stage  would  be  but  a  small  fraction 
of  the  whole  volume  in  time  of  floods. 

From  our  own  observations  of  the  effect  of  dams  across  other  rivers, 
and  the  opinions  of  practical  engineers  and  others  who  have  closely 
observed  these  effects,  we  believe  that  a  dam  across  the  Illinois  river 
raised  six  or  seven  feet  above  low  water  would  have  no  sensible  effect 
on  the  siu-face  of  the  water  when  it  was  six  or  seven  feet  above  the 
comb  of  the  dam,  and  that  steamboats  fully  laden  could  then  pass  over 
the  dams  without  difficulty. 

The  volume  of  water  in  the  Illinois  river  will  at  all  times  be  sufficient 
to  keep  the  dams  so  covered  as,  in  a  great  measure,  to  prevent  decay, 
and  if  constructed  in  a  faithful  manner  upon  the  plan  indicated,  we 
believe  that  they  will  be  very  durable. 

The  character  of  the  river  bed  and  banks  at  the  different  points  where 
the  dams  will  be  located  will  be  similar,  and  consequently  the  only  vari- 
ation in  the  plans  will  be  in  the  length  and  height    For  further  delaife 


laiaae  la  so  oroau  tnai  tne  current  tiirongii  ic  in  orainary  Bmges 
>i  is  almoBt  iniperceptibte.  Tbi»  will  not  be  the  case  with  the 
■nerally,  even  after  tlie  constrnction  of  the  dams.  The  current 
w  but  slightly  retarded,  and  the  thickne»H  of  the  ice  bat  little 
■d,  and  consequently  it  would  be  broken  up,  and  the  channel  open 
£Htion  but  little,  if  any,  later  than  heietofoie. 

OTHER  PLANS  CONSIDERED. 

bjections  which  have  been  urged  against  a  slack-water  iraprove- 
tbe  Illinois  ri^er  from  La  iSalle  to  its  mouth  by  some  persona 
apprehend  the  effects  which  would  result  from  such  improvement, 
luced  many  of  the  best  engineers  in  the  country  to  investigate 
"ct  and  devise  diiforeut  x)lans.  Those  which  have  been  most  gen- 
Ivocated  are : 
dredging  and  wing-dams. 

drawing  a  sufficient  supply  of  water  from  Lake  Michigan  to  give 
isite  depth  in  the  Illinois  river. 

tvigation  of  the  river  may  doubtless  be  much  improved  by  the 
hod,  but  it  is  doubtful  whether  any  amount  of  expenditure  upon 
would  give  an  available  depth  for  navigiUiou  of  more  tliau  tour 
Etreme  low  water  in  a  channel  160  t^et  wide.  Even  the  increase 
pply  which  would  be  given  by  deepening  the  Illinois  and  Miclii- 
1  on  the  sammit  division  upon  the  plan  now  in  progress,  would 
depth  enough  fur  canal  boats  passing  through  the  canal  in  its 
unimproved  condition.  Such  an  improvement,  if  it  could  be 
mauent,  (of  which  we  have  great  doubt,)  would  certainly  fail  to 
I  "military,  naval,  and  commereial  purposes"  designed  to  be 
ly  the  construction  of  the  improvement,  and  we  therefore  sub- 
itimate  of  its  cost.  The  estinmte  given  by  Mr.  8.  T.  Abert,  civU 
,  in  his  report  to  General  Wilson,  dated  February  15,  18(i7,  is 
not  far  from  the  truth.  The  aqiount  is  $1,5:!8,4S0. 
in  of  supplying  sufficient  water  from  Lake  Michigan  to  make  a 
>n  of  the  Illinois  river  suitable  for  the  largest  class  of  steam- 
tbont  the  intervention  of  dams  and  locks,  has  received  consid- 
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Ist.  Channel,  160  feet  wide ;  fall  per  mile,  1.11  foot ;  velocity,  2.43 
miles  per  hour. 

2d.  Channel,  200  feet  wide;  fall  per  mile,  0:69  foot;  velocity,  1.93 
mile  per  hour. 

3d.  Channel,  350  feet  wide;  fall  per  mile,  0.22  foot;  velocity,  1.104 
mile  per  hour. 

It  would  appear,  then,  to  obtain  the  requisite  supply  of  water  from  the 
lake,  without  excavating  a  wider  channel  than  we  have  recommended, 
that  it  would  have  to  be  about  30  feet  deeper  opposite  to  the  present 
lock  No.  1  than  at  present,  or  10  feet  deeper  than  the  bed  of  the  Des  Plaines 
river,  opposite  the  town  of  Lockport.  It  would  increase  the  depth  of  exca- 
vation for  the  first  10  miles  above  this  point  an  average  of  25  feet ;  and 
although  the  average  depth  below  the  bottom  upon  the  plan  we  propose 
would,  of  course,  be  much  less  through  the  earth  excavation,  the  diffi- 
culty of  executing  the  work  would  be  increased  in  a  much  greater  pro- 
portion than  the  depth.  By  diminishing  the  declivity,  and  therefore  the 
depth,  as  suggested  for  channels  "second"  and  "third,''  the  width  of  the 
canal  would  be  so  gi^eatly  increased  that  there  would  be  no  great  differ- 
ence in  the  cost  which,  upon  either  plan,  would  exceed  by  more  than 
$20,000,000  the  cost  of  the  improvement  which  we  recommend.  And  the 
only  object  to  be  gained  by  this  large  additional  expenditure  would  be 
the  saving,  at  most,  of  four  or  five  additional  dams  and  locks  on  the  Illi- 
nois river. 

As  the  current  would  be  very  considerably  accelerated,  the  value  of 
the  improvement  for  navigation  would  be  diminished  rather  than 
increased.  Through  a  channel  of  the  dimensions  which  we  recommend, 
all  the  water  can  be  drawn  from  Lake  Michigan  necessary  for  na^igation, 
for  cleansing  Chicago  river  effectually,  and  sufficient  for  an  immense 
manufacturing  power. 

NAVAL  AND  MILITARY  CONSIDERATIONS  IN  FAVOR  OF  THE   IMPROVE- 
MENT. 

In  considering  the  importance  of  this  system  of  improvement  in  its 
military,  naval,  and  commercial  aspects,  we  resi)ectfuUy  invite  attention 
to  the  following  extracts : 

The  recent  confederation  of  the  British  American  provinces  shows  the  anxiety  felt  by 
the  English  government  in  their  behalf,  and  must  be  regarded  as  a  movement  in  hos- 
tility to  the  people  and  institutions  of  the  United  St<ates.  While  it  does  not  actuaUy 
increase  the  aggregate  British  strength  on  our  northern  frontier,  nor  in  any  way  en- 
croach upon  our  territorial  rights,  it  consolidates  the  policy  in  regard  to  canals,  as'weU 
as  other  matters,  and  i-enders  available  the  entire  force  of  those  provinces  in  any  diffi- 
culty which  may  arise  between  England  and  the  United  States.  The  En  gbsh  are 
already  able,  by  means  of  a  system 'of  internal  canals,  to  pass  gun-boat<8  of  nine  feet 
draught  into  Lake  Erie  and  Ontario,  and  are  contemplating  a  new  canal  which  wiU 
enable  them  to  reach  Huron  without  coining  in  reach  of  American  territory  at  any 
point.  The  canals  already  finished  were  constructed  avowedly  for  military  as  well  ia 
commercial  purposes,  and  in  case  of  war  will  enable  the  English  to  drive  our  commerce 
from  the  lakes  and  destroy  or  lay  under  contribution  nearly  every  import^ant  city  on 
our  northern  frontier.  But,  in  addition,  they  can  inflict  upon  us  a  still  moro  \'ital  injury, 
when  they  have  gotten  possession  of  the  lakes,  by  severing  the  main  line  of  our  com- 
munication with  the  east  for  heavy  products. 

Now  that  the  act  of  confederation  has  become  a  law,  the  Canadians  themselves  will 
be  able,  and  in  fact  compelled,  to  adopt  a  fixed  policy  in  reference  to  the  extension  of 
their  internal  canal  system,  as  much  for  offence  in  the  possible  contingency  of  a  war 
with  us  as  for  the  purpose  of  establishing  close  and  safe  communication  with  the 
remoter  portions  of  their  territory  bordering  ujjon  the  upper  lakes.  In  view  of  what 
the  provinces  have  done  in  their  separate  capacity,  it  is  fair  to  assume  that  they  will 
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ie  neglectful  of  their  opportunities  as  a  united  nation,  but  will  at  the  earliest  pos- 
I  date  set  earnestly  to  work  to  enlarc^e,  extend,  and  perfect  their  means  of  reiiching 
nt«mal  seas  upon  our  northern  borders. 

e  are  debarred  by  treaty  stipulations  from  increasing  our  naval  force  upon  the 
»,  until  after  six  months'  notice  hjis  been  given.  This  may  bo  well  enough,  since  it 
8  us  the  expense  of  building  costly  vessels  and  maintaining  them  in  commission 
Q  they  are  not  actually  required-  But  as  we  have  no  comnmnication  between  the 
s  and  the  sea-coast  suitable  for  vessels  of  war,  we  cannot  expect  to  meet  the  enemy 
I  an^'thing  like  terms  of  equality  when  the  emergency  aiises.  It  will  not  do  to 
ind  u|>on  permanent  defences  for  the  purpose  of  bailing  the  entrance  to  the  lakes^ 
mfortunately  they  cannot  be  so  situated  nor  so  constructed  as  to  completely  sub- 
a  the  object  in  view. 

lere  are  but  two  ways  in  which  we  can  thoroughly  protect  our  own  northern  fron- 
in  times  of  war,  and  relieve  onrselves  of  a  contiimous  menace  in  times  of  peace< 
government  must  either  c<mne<!t  the  lakes  and  the  Mississippi  river  by  a  canal  of 
iient  capacity  to  accommodate  gun-boats  suitable  for  service  on  the  lakes,  or  pre- 
for  the  annexation  or  conquest  of  Canada.  As  a  military  measure,  the  coustruo- 
of  a  canal  will  be  eflective,  and  fortunately  for  the  country  this  can  be  done  at  an 
nse  which  must  be  regarded  as  insignificant  when  comjiared  with  the  objects  to 
>tained.  But  ^eat  as  are  the  military  reasons  which  favor  the  establislmient  of 
nboat  na\igation  between  the  lakes  and  the  Mississippi,  they  are  vastly  tran- 
le<i  by  those  of  a  commercial  and  political  character.  The  lakes,  the  St.  Lawrence 
•,  and  the  New  York  canals  are  the  natural  outlet  for  the  lake  cities  and  a  great 
on  of  our  northwestern  territory,  as  much  as  the  Mississippi  river  is  the  outlet  for 
erritory  contiguous  U^  it.  Since  the  construction  of  the  St.  Lawrence  and  New 
:  canals,  the  commerce  of  the  northwestern  and  western  States  has  gradually  been 
ing  its  way  to  the  eastern  seaboard  rather  than  the  southern.  Indeed,  the  north- 
ier  of  our  States,  even  as  far  west  as  the  Missouri,  owe  their  prosperity,  if  not  their 
ence,  to  the  development  of  water  communication  with  the  east.  Railroads  have 
ted  a  i>oteut  influence  in  populating  these  States,  but  their  extraordinary  develop- 
b  in  wealth  and  industry  is  mainly  due  to  the  constructicm  of  the  Canadian  and 

York  canals,  by  which,  njj  to  the  present  time,  they  have  been  able  to  send  their 
Ins  proilucts  directly  and  cheaply  to  market.  This  accounts  satisfactorily  for  the 
ri<»r  wealth  of  the  country  bordering  directly  upon  the  lakes,  and  for  the  marvel- 
growth  of  the  cities  which  have  sprung  into  existence  along  our  northern  borders 
in  the  last  40  years.  But  owing  to  various  restrictions,  and  to  the  influence  of 
dn  commercial  laws,  it  has  been  found  improlitable  jmd  inconvenient  of  late  to  use 
St.  Lawrence  canal,  while  the  New  York  canals  are  already  overtaxed,  and  the 
)n  west  of  Chicago  is  almost  entirely  unprovided  with  canal  facilities  worthy  of 
lame.  So  that  a  great  part  of  the  pe<q>le  of  Illinois,  Iowa,  Wisconsin,  Minnesota, 
Missouri,  are  compelled  to  send  their  surplus  products  to  market  by  rail  or  perilous 
•  navigation,  and  at  an  expense  in  money  or  time  which  leaves  them  scarcely  a 
J  of  their  value  to  pay  for  the  cost  of  production. 

lese  States  have  now  reached  a  stage  in  their  development  when  cheap  and  direct 
nunication  with  the  markets  of  the  world  has  become  an  absolute  commercial 
mity,  and  unless  the  amjdest  provision  is  nuide  by  our  own  government  for  such 
nunication^  and  a  policy  adopte<l  by  Canada  which  shall  give  us  all  the  a<lvan- 
3  of  unrestricted  trade  ujmn  their  rivers  and  canals,  our  commerce  and  agriculture 
be  crippled  before  the  expiration  of  another  decade  to  sucli  an  extent  as  to  demand 
mly  the  enlargement  of  the  Illinois  and  Michigan  canal,  the  bnprovement  of  the 
ois  river,  and  the  constm(;tion  of  the  Rock  River  and  Green  Bay  canal,  but  the 
lute  conquest  or  annexation  of  the  entire  dominion  of  Canada. 

the  people  of  our  race  nothing  is  more  inexorable  than  a  commercial  necessity, 
-gnment  is  so  potent  as  that  based  upon  physical  fact,  and  no  ethics  so  rapidly 
rstood  as  those  which  relate  to  the  national  welfare, 
hen  our  people  have  been  brought  to  thoroughly  understand  this  necessity,  the 

which  underlie  it,  and  the  manner  in  which  it  affects  their  mati'rial  well-being, 

will  not  be  over-nice  in  regard  to  the  territorial  rights  of  tbose  who  bar  the  door 

e  eastern  market,  but  will  demand  the  extension  ot  our  borders  so  tbat  their  com- 

e  may  find  its  way  unvexed  to  the  sea  by  the  St.  Lawrence,  as  it  now  does  by  the 

issippi. 

has  lieen  tndy  said,  it  should  be  a  settled  principle  of  American  legislation  to 

arage,  in  every  possible  way,  facilities  for  intercommunication,  to  rejiress  in  the 

effectual  way  anything  that  might  possibly  act  as  a  restraint, 
tperience  shows  us  that  travel  and  transportation  increase  as  their  cost  dimin- 
.    Whatever,  therefore,  operates  as  a  tax  on  locomotion  is  inconsistent  with  the 
est  principles  of  state  policy. 

tien  the  railway  system  was  first  being  developed  in  England,  measures  were 
i  to  give  to  the  government  an  effectual  and  thorough  control  over  it.    Already  in 
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that  country  it  is  agitated  to  consummate  those  measures  by  the  8t4it>e  assuming  the  pro- 
I)rietorH]iip  of  the  roads,  equalizing  their  rates  of  charge,  and  reducing  those  rates  to  a 
minimum. 

There  can  be  no  doubt  that  such  a  consummation  would  produce  verj'  powerful  social 
effects. 

In  Ameiica  transportntion  at  the  lowest  powiibJe  cost  assumes  the  attitude  of  an  affair  of  the 
highest  slate  necessity. 

By  increasing  the  facilities  for  the  transportation  of  manufactured  goods  and  the 
staple  products,  we  must  inevitably  increase  the  necessity  for  raxud  comuiunication 
between  all  sections. 

By  constructing  canals  and  improying  river  navigation,  we  necessarily  increase  the 
demand  for  railroads. 

ORDER  IN  WHICH  THE  UMPROVEiyiENT  SHOULD  BE  MADE. 

Heaving  fiilly  considered  the  arguments  for  and  against  the  plan  of 
improvement  recommended  herein,  the  question  naturally  presents  itvself 
in  this  part  of  our  report,  what  part  of  the  improvement  should  be  first 
commenced!  In  view  of  the  fact  that  there  is  already  an  excellent  line 
of  canal  navigation  ending  at  La  Salle,  which  can  be  used  in  its  present 
condition,  we  are  of  opinion  that  the  Illinois  from  La  Salle  to  its  mouth 
should  be  first  improved. 

The  liberal  appropriation  of  lands  by  the  United  States,  in  1827,  to 
aid  the  State  of  Illinois  in  the  construction  of  the  canal  from  Lake  Mich- 
igan to  La  Salle,  and  the  subsequent  expenditures  of  the  State  to  accom- 
plish the  object,  amounting  to  no  less  than  $6,500,000,  were  based  upon 
the  supposition  that  the  Illinois,  below  La  Salle,  was  a  good  navigable 
river,  and  this  large  expenditure  for  the  construction  of  the  present 
canal  would  secure  a  good  and  cheap  navigation  between  Lake  Michigan 
and  the  Mi3sissii)pi.  Such  is  not  the  fact.  There  has  been  scarcely  a 
season  since  the  canal  was  completed,  20  years  ago,  when  there  has  not 
been  a  serious  interruption  to  navigation,  for  a  greater  or  less  i>eriod, 
from  low  water  in  the  river,  and  as  the  country  has  improved,  so  that 
the  surface  water  which  formerly  drained  more  slowly  and  continuously 
into  our  rivers  has  ceased  to  aftbrd  any  considerable  supply  in  summer, 
the  evil  has  been  becoming  worse.  The  past  season  the  navigation 
between  La  Salle  and  Peoria  was  almost  suspended  from  the  last  of  June 
to  the  close  of  navigation,  and  below  this  it  was  but  little  better.  In 
fact,  navigation  was  virtually  suspended  on  the  river  for  all  i)ractical 
purposes  for  about  five  months. 

This  uncertainty  of  river  navigation  has  so  seriously  operated  against 
the  canal  as  to  materially  diminish  its  usefulness  and  revenues.  In  fact, 
instead  of  being  a  connecting  link  in  oui*  extensive  chain  of  navigation, 
as  it  was  designed  to  be,  has  become  little  more  than  a  local  work,  accom- 
modating the  limited  country  along  its  borders. 

The  improvement  of  the  Illinois  river  below  La  Salle,  which  we  earn- 
estly recommend  at  the  earliest  practicable  period,  would  make  a  i)er- 
fectly  reliable  navigation  from  Lake  Michigan  to  the  Mississippi,  and 
whilst  it  would  give  a  first  class  navigation,  equal  at  least  to  that  of  the 
lower  Mississippi,  for  an  extent  of  more  than  220  miles,  it  would  make 
even  the  present  canal  an  important  channel  of  commerce,  though  not 
equal  in  capacity  to  what  is  desired.  This  improvement  is  estimated  to 
cost  $1,953,600,  and  no  improvement  contemplated  within  our  knowledge 
w^ould  accomplish  equal  results  at  anything  like  such  an  expenditure. 
We  recommend  an  appropriation  to  the  amount  above  stated. 
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CANAL  CONNECTING  ROCK  AND  ILLINOIS  RIVERS. 

Tlie  importance  of  the  improvement  which  we  have  surveyed  and  esti- 
mated is  greatly  enhanced  by  tlie  fact  that  surveys  have  demonstrated 
the  entire  practicability  of  a  canal  from  the  Illinois  river,  at  or  near  the 
mouth  of  the  Bureau,  to  the  Mississippi,  at  or  near  Rock  Island.  The 
length  of  the  canal  would  be  about  04  miles,  and  it  would  be  supplied 
with  water  by  a  navigable  feeder  38  miles  in  length  from  Rock  river,  at 
Dixon. 

For  a  canal  60  feet  wide  and  six  feet  deep,  the  cost^  together  with  that 
of  the  feeder,  has  been  estimated  at  $4,600,000,  and  it  would  not  proba- 
bly exceed  that  sum,  whilst  it  would  secure  a  cheap  and  direct  naviga- 
tion to  the  lakes,  and  a  choice  of  markets  to  all  the  country  drained  by 
the  upper  Mississippi  and  its  tributaries. 

For  estimating  the  cost  of  the  proposed  improvement,  it  may  appro- 
priately be  divided  as  follows: 


V 


1.  From  Chicago  to  the  first  lock  at  Lockport,  includ- 
ing what  is  known  as  the  Summit  division  of  the 

canal,  29  miles $11, 249, 173  98 

2.  From  lock  No.  1,  at  Lockport,  to  lock  No.  8,  at  the 

head  of  Lake  Joliet,  in  Des  Plaines  river,  7  miles. . .        2, 095, 546  53 

3.  From  lock  No.  8  to  Marseilles,  all  in  river  except 

short  ciinals  at  locks  and  dams,  40  miles 1, 296, 806  77 

4.  From  Marseilles  to  Ottawa,  6  miles 938, 380  75 

5.  From  Ottawa  to  La  Salle,  all  in  river  except  short 

canal  at  dam,  17  miles 683, 734  53 

6.  From  La  Salle  to  mouth  of  river,  223  miles 1, 954, 600  00 

Total 18, 217, 242  56 


A  condensed  history  of  the  present  Illinois  and  Michigan  canal, 
together  with  many  interesting  facts  in  regard  to  the  country  through 
which  the  enlarged  system  of  navigation  will  ijass,  are  more  fully  set 
forth  in  the  appendix,  and  sub  reports  herewith  submitted.  For  a  state- 
ment of  the  commerce  and  navigation  to  be  benefited  by  this  improve- 
ment, and  a  description  of  the  Canadian  and  New  York  canals,  we  call 
the  attention  of  the  department  to  the  report  of  General  Wilson,  dated 
Febniary  17,  1867. 

Detailed  maps  on  a  large  scale,  together  with  descriptive  memoirs  of 
the  surveys  by  Engineer  Assistants  Ulfters,  Keefer,  and  McMath,  will 
be  submitted  as  soon  as  they  can  be  prepared. 

Very  respectfully,  your  obedient  servants, 

JA8.  H.  WILSON, 
Lieut.  Col.  35th  Infantry^  Brevet  Major  General  U.  S.  A. 

WM.  GOODING, 
United  States  Ciml  Engineer. 

Brevet  Major  General  A.  A.  Humphreys, 

Headquarters  Corps  of  Engineers^  Washington  City^  D.  C. 
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Appendix  A. 

Very  soon  after  Illinois  became  a  State,  steps  were  taken  to  secure  the 
construction  of  a  canal  "between  the  navigable  watera  of  the  Illinois 
river  and  Lake  Michigan,''  and  as  early  a«  1822  Congress  authorized 
the  State  "to  survey  and  mark  through  the  public  lands  of  the  United 
States  the  route  of  the  canal  connecting  the  Illinois  river  with  the  south- 
ern bend  of  Lake  Michigan ;"  and  90  feet  of  land  on  each  side  of  said 
canal  was  reserved  from  sale  for  canal  purposes.  This  reserve  was  doubt- 
less made  mainly  for  the  puri)Ose  of  future  enlargement,  as  it  was  not  to 
be  supposed  that  the  State,  in  its  infancy,  would  make  an  improvement 
of  sufficient  capacity  to  meet  the  wants  of  the  country  when  its  resources 
should  be  developed. 

A  board  of  commissioners  was  appointed  and  instructed  to  have  the 
route  of  the  canal  surveyed  and  the  cost  of  the  work  estimated,  and 
report  the  same  to  the  legislature.  In  1825,  five  plans  and  estimates 
were  submitted  by  the  commissioners,  the  estimates  varying  from 
$639,000  to  $716,000. 

In  1827  Congress  granted  to  the  State  of  Illinois  every  alternate  sec- 
tion of  land  lying  within  five  miles  of  the  contemplated  canal  on  each 
side,  the  grant  amounting  to  about  284,000  acres. 

In  1842  an  additional  grant  of  lands,  amounting  to  5,760  acre^  was 
made  in  lieu  of  lands  sold  by  the  United  States  within  the  limits  of  the 
original  grant  before  the  location  of  the  State  had  been  approved. 

In  1854  an  additional  grant  of  lands  for  the  same  object  was  made  by 
Congress,  consisting  of  over  32,000  acres,  it  having  been  determined  that 
the  State  was  entitled  to  more  lands  by  this  amount  than  were  selected 
under  the  act  of  1827. 

It  will  be  thus  seen  that  Congress  has,  by  successive  acts,  through  a 
long  series  of  years,  recognized  the  importance  of  the  Illinois  and  Michi- 
gan canal. 

In  1829  a  new  board  of  canal  commissioners  was  authorized  by  the 
State  legislature  to  commence  the  construction  of  the  canal,  and  to  dis- 
pose of  the  lands  granted  by  Congress  to  pro\ide  means  to  carry  on  the 
work.  In  1830  surveys  were  made  by  a  party  of  engineers  acting  under 
the  orders  of  the  War  Department.  Their  investigations,  however,  were 
mostly  confined  to  the  practicability  of  the  canal,  supply  of  w^ater,  &c. 

In  1833  other  surveys  and  estimates  were  made  under  the  authority  of 
the  State,  and  the  engineers  estimated  the  cost  of  construction  of  a  canal, 
40  feet  wide  and  four  feet  deep,  at  $4,043,000. 

It  was  not,  howev^er,  until  1836  that  efficient  measures  for  the  prose- 
cution of  the  work  were  adopted.  A  new  board  of  canal  commissioners 
was  then  organized,  with  authority  to  construct  the  canal,  Mr.  William 
Gooding  appointed  engineer,  an  accuate  survey  made,  and  estimates 
furnished  by  him  of  the  probable  cost  of  a  canal  60  feet  wide  at  surtace, 
36  feet  at  bottom  in  earth  excavation,  and  48  feet  in  rock,  and  six  feet 
deep. 

The  estimate  of  the  entire  cost  of  such  a  canal  was  $8,654,000.  Por- 
tions of  the  work  were  put  under  contract  in  June  of  that  year,  and  fair 
progress  wa«  made  on  the  whole  line  until  1841,  when,  for  the  want  of 
adequate  means  on  the  part  of  the  State,  the  work  was  gradually  sus- 
pended until  March,  1843,  when  all  operations  ceased. 

In  February,  1843,  the  law  under  which  the  canal  was  completed  by 
the  board  of  trustees,  known  as  the  "trust  law,^  was  passed,  and  the 
canal  finished  and  brought  into  use  in  the  spring  of  1848.  It  was  not, 
however,  until  July,  1845,  that  any  work  was  done  under  that  law. 
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The  capacity  of  the  canal,  as  completed  by  the  canal  tmstees,  is  the 
same  as  that  upon  which  it  was  commenced  in  1836,  but  the  plan  of  the 
summit  division  was  changed,  to  bring  the  cost  within  the  means  pro- 
vided for  its  completion.  The  original  plan  was  to  cut  down  the  summit 
between  Lake  Michigan  and  Lockport,  and  draw  through  this  "  deep 
cut^  a  supply  of  water  from  the  lake  sufficient  for  canal  purposes.  In- 
stead of  tins  the  present  canal  was  finished  for  about  26  J  miles  on  a  level 
averaging  nine  feet  above  the  original  bottom,  and  water  supplied  for 
the  summit  by  the  Calumet  feeder,  16J  miles  long,  and  by  pumping 
works  at  Bridgeport,  which,  the  present  excessively  dry  season,  have 
furnished  the  main  supply  from  Chicago  to  Channahon,  some  45  miles. 

The  abandonment  of  the  original  plan  of  the  "deep  cut"  also  involved 
the  necessity  of  constructing  the  Kankakee  feeder,  which  is  received  into 
the  canal  just  above  the  junction  of  the  Kankakee  and  Des  Plaines  river. 

The  amount  of  money  expended  in  the  construction  of  the  jiresent 
canal,  its  feeders,  and  appendages,  is  as  follows: 

By  canal  commissioners,  (from  1836  to  1843) $4,979,903  74 

By  canal  trustees,  (from  1845  to  1848J 1,429,606  21 

Total 6,409,509  96 


I 
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SURVEY  OF  ILLINOIS  RIVER. 
Tabular  e$timate  to  accompany  the  report  of  the  iurteff  of  the  tUinms 

lASTERN  DIVISION— BRIDGEPORT  TO  LOCKPORT. 


lARTH. 

ROCK. 

Mile. 

Under- 
water ex- 
cavation. 

1 

Amount 

Common 
excavation. 

■ 

Amoont. 

Under 
water. 

• 

2 

Amoont 

ltt-39th 

Cub.  yd$. 
647,000 

$0  55 

$355,850 

Cnb.  fd». 
10, 967, 778 

$0  50 

$5,483,889  00 

Cub.  yds. 
240,  UUO 

$3  16 

$518,400  00 

MIDDLE  DIVUI09— LOCKPORT  TO  UTICA. 


30th 

140,311 
145,777 
168,889 

30 
30 
30 

42,111  30 
43,733  10 
50,666  70 

3lBt 

38d 

11,851 
78,000 
65.000 

1  75 
1  75 
1  75 

20,739  25 

33d 

136,500  00 

34th 

10,000 

30 

3.000  00 

113,750  00 

35th 

...........   ..• 

36th 

52,731 
158,194 

25 
25 

13, 189  75 

37ih 

39,548  50 

38tb-41it 

42d 

43d-53d 

54tb 

55th-61st 

62d 

A 

63d-75th 

76th 

151,467 
28f,35J 
115, 175 
148. 861 
176,232 
158.011 
32,300 

25 
25 
25 
25 
25 
25 
25 

37,866  75 
70,337  75 
28.793  75 
37,215  25 
44.058  00 
39. 502  75 
8, 075  00 

77th 

78th 

79th 

80th 

8lBl 

82d.. 

83d-9lBt 

92d 

89,316 
125,001 

70, 446 
109,108 

25 
25 
25 

25 

22,329  00 
31,250  25 
17,611  50 
27,277  00 

93d 

94th 

»5th 

WESTERN  DIVISION— UTICA  TO  THE  MOUTH  OF  ILLINOIS  RTVKR. 


96th-122d 

123d 

•••••. 

124th-186th.. 

187th  

l88th-246kh  . . 

247th 

848th-275th . . 

376th 

277th-317th.. 

318th  

219th-332d . . . 

I 
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SURVEY  OF  ILLINOIS  RIVER. 
filter  imprmfemcnt  made  during  the  sumnur  and  autumn  of  1867. 

SASTERir  DIYISIOy^BRIDaKPORT  TO  LOCKPORT. 


ROCK. 

STRUCTURES. 

PROTEC- 
TION   OF 
RIPRAP. 

Common  exca- 

6 

£ 

Amount. 

Road  bridges. 

Dams. 

Ijocka. 

Amoimt. 

vation. 

No. 
5 

Amount. 

No. 

— : — 

Amount. 

No. 

Amount. 

Cubic  ytrd^ 
2, 440, 319 

$1  20 

•2.928,393  80 

$75,000  00 

$400,000  00 

MIDDLE  DIVISION— LOCKPORT  TO  UTICA. 


10,000 

1  30 

13,000  00 

1 

2 

3^4 

$150,000  00 
150.  (JOO  00 
300,100  00 

I 
1 

1 

15,000  00 
15,000  00 
15,000  00 

5 

175,  COO  00 

171  772 

1  30 
1  20 

223,303  60 
99, 555  60 

82,963 

... 

6 

7&8 

....... 

140,  OOI  00 
280,000  00 

3 

$49,900  00 

9 

151,666  66 

4 

104,000  00 

10 

206.800  00 

5 

.W.OOOOO 

11 

143, 480  OO 

« 

10.000  00 

20,000  00 

20.000  00 

m 

12 
13 

190.000  00 
160,000  00 

20.000  00 

20.000  00 

20.000  00 

14 

161,000  00 

15,000  00 

7 

100,000  00 

20.000  00 

20.000  00 

15 
16 

170, 666  66 

150, 000  00 

20,000  00 

20,000  00 

WESTERN  DIVISION— UTICA  TO  THE  MOUTH  OF  ILUNOIS  RIVER. 


8 

80,000  00 

17 

240, 000  00 

9 

58,500  00 

18 

240,000  00 

10 

61,500  00 

19 

235.000  00 

11 

90,000  00 

20 

240. 000  00 

12 

195,000  00 

21 

330.000  00 

468 
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SURVEY  OF  ILLINOIS  RIVER. 

Tabular  statement  to  accompany  tJie  report  of  tJie  survey,  &c, — Continued. 


Miles. 

Miscellaneous. 

Amount 

Total. 

1-29 

EASTERN  DIVISION-BRIDGEPORT  TO  LOCKPORT. 

1, 500, 000  cubic  yards  of  spoil  bank,  at  20  cents . . 
Inlet  and  pivot  bridge 

♦•300,000  00 
60,000  00 
10, 000  00 
75,000  00 
20,000  00 

Spills,  culverts,  and  recess  pools 

ReflTulatine  weir ^ 

Grubbing^  and  clearing^ 

Total 

$10,226,521  80 

MIDDLE  DIVISION— LOCKPORT  TO  UTICA. 

30 

205,111  30 

197,733  10 
371  405  95 

31 

Weir,  &c 

4,000  00 

32 

33 

136,500  00 

34 

Gaard>lock 

140,000  00 

7,500  00 

25,000  00 

9,000  00 

1 ,  500  cubic  yards  of  vertical  wall,  at  ii5 

\         454,250  00 

35 

5, 000  cubic  yards  of  vertical  wall,  at  S5 

i 

36 

15, 000  cubic  yards  of  embankment,  at  60  cents.. 

5         272,303  60 

267,738  35 
319,548  50 

200,900  00 

409, 120  00 

201  480  00 

37 

38-41 
42 

No  local  expenditure. 

43-53 
54 

No  local  expenditure. 

Short  canal 

98, 320  00 

55-61 
62 

No  local  expenditure. 

63-76 
76 

No  local  expenditure. 

47,866  75 

90,.-«7  75 

48,793  75 

247.215  25 

224  058  00 

77 

78 

79 

80 

81 

59, 502  75 
184  075  00 

82 

83-91 
92 

No  local  expenditure. 

142, 329  00 

93 

. 

94 
95 

20,000  cubic  yards  of  embankment,  at  30  cents.. 
Total 

6,000  00 
16,200  00 

21.3,611  50 
213,477  00 

4,558,607  80 

ILLINOIS  RIVER. 

No  local  expenditure. 

96-122 
123 

320,000  00 
298,500  00 
302,500  00 
330,000  00 
525,000  00 

124-136 
137 

No  local  expenditure. 

138-246 
247 

No  local  expenditure. 

248-275 
276 

No  local  expenditure. 

•i77-3l7 

No  local  expenditure. 

319-ac2 

No  local  expenditure. 

Total 

1,776,000  00 

\ 
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RECAPITULATION — ^EASTERN  DIVISION. 

Bridgeport  (Chicago)  to  Lockport;  29  miles $10,226,521  80 

Middle  division— Lockport  to  Utica,  66  miles 4,558,607  80 

Western  division — Utica  to  mouth  of  Illinois  river,  227 

miles 1,776,000  00 

Ten  per  cent,  additional  for  contingencies 1,656,112  96 

Total 18,217,242  56 


Style  of  navigation:  Eastern  division — independent  canal,  29  miles. 
Middle  division — ^independent  canal,  18  miles;  slackwater,  48  miles.  West- 
em  division — slackwater,  227  miles.  Total  miles  of  independent  canal, 
47 }  total  miles  of  slackwater,  275 ;  total  miles  of  improvement,  322. 


H14. 

Lockport,  Illinois,  Becemher^  1867. 

Gentlemen:  Having  been  intrusted  by  you  with  the  surveys  in 
detail,  to  the  conduct  of  which  you  were  appointed  by  the  engineer 
department  of  the  United  States,  under  the  order  of  the  Secretary  of 
War,  bearing  date  May  8, 1867,  being  "  surveys  and  examinations,'^  and 
the  preparation  of  "  plans  and  estimates  for  a  system  of  navigation  by 
way  of  the  Illinois  river,  between  the  Mississippi,  and  Lake  Michigan, 
adapted  to  military,  naval,  and  commercial  purposes,  in  accordance 
with  the  act  of  March  2, 1867,"  I  have  the  honor  to  report  as  follows  : 

On  the  19th  of  June  last,  1  placed  a  party  of  engineers  on  the  south 
branch  of  the  Chicago  river  at  Bridgeport,  a  suburb  of  Chicago,  which 
party  continued  in  the  field  until  late  in  November,  having  entered  the 
valley  of  the  river  Des  Plaines  at  a  point  seven  miles  from  the  place 
of  beginning,  and  followed  the  valley  of  that  river,  and  the  Illinois 
river  to  the  foot  of  Grand  island,  in  the  last  mentioned  stream. 

On  about  July  1st  I  placed  another  partj'  in  the  field,  which,  having 
carefully  examined  the  head  of  Lake  Michigan,  and  the  waters  and 
water-sheds  surrounding  it  on  the  southwest,  traversed  instrumen tally  the 
valley  of  the  Kankakee  from  Momence  to  its  junction  with  the  Illinois, 
and  surveyed,  as  high  up  as  Aurora,  the  valley  of  the  Fox  river,  a  tribu- 
tary of  the  Illinois,  finished  their  labors  by  a  careful  survey  of  the 
valley  of  the  Illinois  from  the  foot  of  Grand  island,  before  mentioned, 
to  the  river  IViississippi. 

The  country  embraced  in  this  survey  has  been  examined  before  by 
various  authorities,  but  so  large  an  amount  of  information  has  never 
been  heretofore  obtained  under  one  surveillance. 

It  is  believed  that  the  location  of  the  great  work  contemplated  by 
these  examinations  has  been  finally  ascertained. 

If  the  left  bank,  or  western  bank,  of  Lake  Michigan  be  examined 
from  its  head  to  its  confluence  with  the  upper  great  lakes,  the  lowest 
depression  in  that  bank  will  be  found  southwest  from  Chicago,  at  a 
distance  of  about  17  miles  from  the  city,  or  rather  from  its  Bridgeport 
suburb,  and  forming  the  opening,  through  which  the  river  Des  Plaines, 
one  of  the  constituent  branches  of  the  Illinois,  finds  its  way  to  its  junc- 
tion with  that  stream. 

This  depression  is  in  elevation  scarcely  more  than  ten  feet  above 


4C0  REPORT  OF  THE  SECRETARY  OF  WAR, 

the  average  surface  of  Lake  Michigan,  and  the  pass  formed  by  it  is  not 
more  than  a  quarter  of  a  mile  in  width.  The  ground  immediately  rises, 
both  north  and  south  of  it,  and  very  soon  attains  an  of  elevation  100 
feet,  rising  with  the  distance  measured  from  the  axis  line  of  the  opening. 

Singularly  enough,  this  place  is  called  the  "  Sag,^  an  expressive  defini- 
tion of  it«  character,  although  the  name  is  derived  from  Saugenash,  an 
Indian  chief,  who  distinguished  himself  in  this  region  in  the  times  gone 
by — such  at  least  being  one  of  the  early  traditions  of  the  country. 

It  is  tliis  feature  in  the  physical  geogmphy  of  the  country  that  gave 
Chicago  its  importance  amongst  the  aborigines,  and  attracted  the  early 
whites  to  the  same  point.  It  is  this  which  gives  Chicago  iti^  permanent 
importance.  This  little  "  sag  "  is  the  gate  to  the  back  country  through 
which  the  Indians  in  the  old  time  used  to  {>ortage  their  bark  canoes, 
through  which  the  white  man  will  float  his  ships  of  a  thousand  tons. 
The  excavation  necessary  to  produce  this  la»t  result  is  nowhere  greater 
on  the  average  than  18  or  19  feet  in  depth  between  Chicago  and  the  val- 
ley of  the  Des  Plaines,  a  short  distance  above  Lockport,  where  the  lake 
level  runs  out;  and  such  an  excavation  places  Lake  Michigan  as  a 
reservoir  at  the  command  of  the  engineer. 

I  am  aware  that  the  term  "  sag"  is  apj)lied  to  the  country  east  of  this 
gateway,  and  to  the  stream  now  doing  duty  as  the  Calumet  feeder.  I 
apply  it  to  the  narrow  pass  in  the  valley  of  the  Des  Plaines,  a  little  east 
of  Lemont,  which  can  be  approached  from  Lake  Michigan  by  two  routes, 
one  occupied  now  by  the  Illinois  and  Michigan  canal,  the  other  by  the 
Calumet  feeder  from  Blue  island. 

The  Calumet  feeder  route  was  examined  and  sounded  under  my  direc- 
tion during  the  progress  of  this  survey,  and  the  necessity  for  rock 
excavation  developed  by  those  soundings  to  an  extent  sufficient  to 
preclude  the  selection  of  that  route  for  the  enlarged  canal.  An  addi- 
tional obje<;tion  is  found  in  the  exceedingly  crooked  approach  to  Blue 
Island  from  the  lake  by  the  way  of  the  Calumet  river,  and  there  exists 
no  lake  harbor  of  capacity  and  safety  at  all  commensurate  with  the 
objects  before  us  at  or  near  Calumet,  the  mouth  of  the  Calumet  river. 

Of  the  three  gi*eat  lines  of  navigation  that  can  be  brought  into  prac- 
tical use  connecting  the  Mississippi  with  Lake  Michigan,  the  line  by  the 
Illinois,  namely,  the  line  by  the  liock  river,  and  the  line  by  the  Wisconsin 
river,  the  first  of  these,  the  work  before  us,  possesses  the  prominent 
advantage  that  there  is  no  ascending  lockage  between  the  lake  and  the 
Mississippi  waters,  whilst  hundreds  of  feet  of  such  lockage  is  required 
for  both  the  other  lines;  and  when  it  is  simply  stated,  in  addition,  that 
this  great  work,  commencing  at  the  head  of  Lake  Michigan,  ends  nearly 
opposite  the  mouth  of  the  Missouri,  thereby  comi>leting  a  system  of 
inland  navigation  thousands  of  miles  in  extent — when  it  is  stated 
further,  that  at  one  end  of  this  work  stands  the  city  of  Chicago,  and  at 
the  other  the  city  of  St.  Louis,  and  that  between  these  termini  lie 
"immeasurably  spread"  plains  equaling  in  fertility  any  that  the  sun 
elsewhere  shines  upon — surely  it  is  not  necessary  to  say  more  to  infer 
its  importance  for  "military,  naval,  and  commercial"  purposes,  espe- 
cially when  it  is  finally  stated,  as  it  now  is  with  entire  confidence,  that  a 
work  can  be  constructed  "on  this  line"  over  which  the  largest  commer- 
cial, military,  and  naval  vessels  now  using  the  upper  Mississippi  can 
freely  pass  to  the  harbor  of  Chicago. 

In  the  present  state  of  ship  architecture  it  would  appear  to  be  impos- 
sible to  make  the  navigations  of  the  lakes  and  the  Mississippi  homoge- 
neous. Seven  feet  depth  is  the  greatest  minimum  that  the  up|)er 
Mississippi  ever  can  furnish,  and  large  vessels  of  such  light  draught 
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cannot  navigate  safely  the  gre^t  lakes  or  the  ocean,  except  the  naval 
vessels  of  the  monitor  class.  Should,  however,  invention  in  this  art 
ever  overcome  this  difficulty,  vessels  for  all  purposes  may  pass  indiffer- 
ently through  the  magnificent  internal  navigation  of  this  continent,  and 
through  every  navigable  sea  on  the  earth's  surface.  Until  that  period 
arrives  the  points  of  lake  connection  on  navigations  between  the  Mis- 
sissippi and  the  lakes,  like  Chicago,  for  instance,  must  remain  trans- 
shipping i)oints.  With  the  wonderful  facilities  for  unloading,  furnished 
by  the  elevators  and  kindred  inventions,  transshipment  has  ceased  to 
be  the  difficulty  or  cause  of  expense  and  retardation  that  it  was  in 
former  time. 

The  surveys  made  by  us  around  the  southwestern  branch  of  Lake 
Michigan  settled  the  question,  that  through  the  "Sag"  or  the  Lemont 
narrows  was  the  only  passage  towards  the  west  for  Lake  Michigan  waters  . 
flowing  by  gravity ;  and  this  being  once  settled,  the  remainder  of  the 
location  of  this  work  becomes  inevitable,  and  must  follow  the  valley  of 
the  Des  Plaines  to  its  mouth,  and  thence  the  valley  of  the  Illinois  to  the 
river  Mississippi. 

We  carefully  examined  the  location  of  the  Illinois  and  Michigan  canal 
from  its  northeastern  terminus  at  Bridgeport,  progressing  southwest- 
wardly  to  Lockport.  We  examined  the  sluggish  stream,  the  south 
branch  of  the  Chicago  river  or  creek,  to  its  head,  and  the  tortuous 
crooked  channel  which  it  has  made,  and  have  concluded  that  no  varia- 
tion from  the  location  of  the  Illinois  and  Michigan  canal  would  better 
the  line  of  the  proposed  navigation ;  slight  and  unimportant  variations, 
for  alignment's  sake,  may  be  made,  but  no  essential  change  is  necessary 
or  advisable. 

The  great  canal,  then,  will  form  three  grand  divisions  of  unequal 
lengths  and  cost,  the  division  lines  being  lines  of  demarcation  between 
the  styles  of  engineering  required  for  each. 

The  eastern  division  will  consist  of  a  thorough  cut  in  clay  and  rock 
about  29  miles  in  length,  the  base  of  which  will  start  at  a  point  on  the 
south  branch  of  the  Chicago  river  at  Bridgeport,  known  to  be  six  feet 
below  the  lowest  water  that  hsis  been  known  in  Lake  Michigan  for 
thirty  years,  and  from  seven  to  eight  feet  below  average  low  water,  and 
shall  fall  at  the  rate  of  one-tenth  of  a  foot  per  mile  for  a  distance  of  28 
miles.  (It  is  hardly  necessary  to  say  that  this  starting  point  is  in  lake 
nav  igation.)  The  first  17  miles  of  this  cut  will  be  in  blue  drift  clay,  the 
last  12  miles  in  limestone  rock,  lying  in  layers  nearly  level,  some  of  which 
furnish  a  very  superior  building  stone,  now  extensively  used  in  Chicago, 
and  the  deepest  average  cutting  in  either  clay  or  rock  will  not  exceed 
19  feet.  This,  although  the  shortest,  will  be  the  most  expensive  of  the 
divisions.  The  Illinois  and  Michigan  canal  was  originally  planned  to 
be  excavated  to  this  base,  but  the  plan  was  temi>orarily  abandoned  by 
the  state  of  Illinois  on  account  of  monetary  difficulties.  The  city  of 
Chicago  has  recently,  however,  resumed  the  deepening  process  at  her 
own  present  expense,  with  the  double  object  of  enlarging  the  naviga- 
tion and  of  giving  a  passage  for  the  sewage  of  the  city,  from  the 
sluggish  Chicago  river  to  the  water-courses  which  find  their  outlet  in 
the  Mississippi — apian  sanctioned  and  recommended  by  a  board  of  civil 
engineers  of  the  first  rank  in  our  country. 

The  middle  division  will  extend  66  miles  from  Lockport,  on  the  river 
Des  Plaines,  to  Utica  on  the  Illinois  river,  a  short  distance  above  La 
Salle.  This  will  be  a  mixed  navigation  composed  of  slack-water  and 
independent  canal,  the  former  prejwnderatiug.  This  division  will  be 
second  in  cost. 
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The  western  division  will  be  slack- water  exclusively,  extending  from 
Utica,  a  short  distance  above  La  Salle,  to  the  mouth  of  the  Illinois,  a  dis- 
tance of  227  miles.  This,  though  the  longest  by  far,  will  be  much  the 
least  expensive  of  the  divisions;  thus  the  whole  work,  from  lake  naviga- 
tion on  the  Chicago  river  to  river  navigation  on  the  Mississippi  at  the 
mouth  of  the  Illinois,  will  be  322  miles  in  length. 

In  explanation  of  this  proposed  system,  it  must  be  stated  that  the  loca- 
tion of  the  Illinois  and  Michigan  canal  has  been  of  great  assistance  in 
determining  it.  That  work,  in  the  thorough  cut  especially,  occupies 
ground  than  which,  in  the  county  passed  over,  no  better  could  be  chosen, 
and  as  has  been  stated  the  changes  required  for  the  new  work  are  scarcely 
worthy  of  enumeration. 

Pursuing  this  work  down  to  its  present  termination  at  La  Salle,  we 
find  that  it  consists  almost  entirely  of  independent  canals.  Were  a  single 
enlargement,  say  to  the  size  of  the  Erie  canal,  or  even  considerably 
beyond  that  capacity,  at  present  in  question,  I  should  have  no  hesitation 
in  recommending  a  close  adherence  to  the  present  line,  because  for  a  work 
of  its  size  it  is  admirably  located,  entirely  out  of  the  way  of  freshets  and 
ice  gorges,  at  the  same  time  showing  great  directness  of  alignment. 

But  in  proposing  an  enlai'gement  like  the  present,  where  all  the  exca- 
vations and  culverts,  and  aqueducts  and  bridges,  are  to  be  quadrupled 
in  size,  the  avoidance  of  expense  becomes  an  indispensable  element  in 
the  calculation.  Therefore  when  the  stream  along  which  the  work  passes 
offers  facilities  for  a  slack-water  improvement,  such  offer  cannot  well  be 
rejected,  as  a  single  work,  a  single  expenditure  at  one  point  in  this  style 
of  improvement,  creates  a  navigation  extending  sometimes  over  many 
miles,  in  which  no  expense  is  necessary  either  for  construction  or  main- 
tenance. 

The  objection  to  the  slack- water  system  here  is,  that  in  times  of  fresh- 
ets and  ice  gorges,  the  works  in  the  stream  are  exposed  to  the  forces 
brought  into  play  during  such  periods,  whilst  its  advantages,  in  calm 
times,  consists  in  presenting  wide  and  capacious  bodies  of  water  facih- 
tating  navigation  to  a  very  high  degree,  to  which  must  be  added  the 
very  important  saving  in  cost. 

The  advantage  of  the  independent  canal,  in  this  particular  case,  is  its 
immunity  from  danger  from  very  high  floods.  Its  disadvantages  are,  its 
confined  channel  and  its  far  greater  cost. 

It  might  further  be  cited  against  the  slack-water  system,  that  its  effect 
is  to  drown  out  lands  which  otherwise  might  be  cultivated  with  advan- 
tage.   It  is,  however,  a  peculiarity  of  this  river  that  no  system  of  dams 
can  be  practically  erected  in  its  valley  which  will  add  to  the  extraordi- 
nary deviation  which  the  floods  now  attain.    Dams  in  this  river  must  be 
built  with  the  expectation  that  they  will  occasionally  be  overflowed  by 
a  volume  of  water  on  the  surface  of  which  they  will  scarcely  be  of  suf- 
ficient height  to  raise  a  ripple.    Navigation  below  La  Salle  will,  every 
season,  be  found  in  a  plane  so  far  above  the  works,  that  vessels  will  pass 
over  them  as  freely  as  if  they  did  not  exist,  and  when  this  is  not  the 
case,  namely,  when  there  happens  to  be  considerable  comparative  fall  in 
the  river,  this  fall  can  be  taken  advantage  of,  so  that  damage  from  their 
refluent  water  will  be  reduced  to  the  minimum,  in  fact,  to  be  scarcely 
susceptible  of  being  demonstrated  as  caused  by  the  erection  of  the 
dams. 

The  weight  of  the  extra  cost  of  the  independent  canal  system  here  has 
no  alleviation,  except  that  it  is  an  insurance  against  floods. 

The  discrepancies  in  cost  between  the  two  systems  are  not  so  great  in 
a  small  canal  as  they  are  in  a  large  one,  one  reason  for  which  is  that  the 
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cost  of  a  dam  remains  unchanged  for  a  work  of  either  size;  and  thas  if, 
as  has  been  stated,  this  work  were  to  be  retained  at  its  present  size;  the 
independent  system  might  well  be  adhered  to.  But  where  the  works 
assume  a  magnitude  including  facilities  for  military  and  naval  purposes, 
the  additional  cost,  amounting  here  to  millions,  operates  conclusively 
against  the  independent  canal  work. 

Almost  immediately  after  leaving  Lockport,  then,  going  west,  the 
river  begins  to  offer  itself  for  consideration ;  no  less  than  three  ways  of 
passing  through  Joliet  preparatory  to  entering  the  bed  of  the  stream  are 
presented. 

The  first  of  these  is  to  adhere  to  the  old  location  until  having  passed 
Joliet.  The  canal  veers  to  the  left  and  enters  Lake  Joliet  on  the  right 
bank  of  the  stream,  between  three  and  four  miles  below  the  town. 

The  second,  just  before  the  line  reaches  a  point  opposite  the  State 
penitentiary,  turns  to  the  left,  passing  the  i)enitentiary  quarries,  and,  fol- 
lowing through  the  cultivated  lands  immediately  in  front  of  the  bluffs  or 
terraces  bounding  them  on  the  south,  crosses  Hickory  creek  by  an  aque- 
duct, and  enters  Lake  Joliet  about  two  miles  below  on  the  left  bank  of 
the  stream. 

The  third  leaves  the  present  line  almost  exactly  opposite  the  peniten- 
tiary, and  following  a  depression  to  the  left  of  the  more  thickly  populated 
l>arts  of  Joliet,  crosses  Hickory  creek,  and  joins  the  second  line  above  its 
entrance  into  Lake  Joliet. 

All  these  lines  are  practicable,  and  have  arguments  for  and  against 
them  which  need  not  be  recapitulated  here. 

The  first  line  is  here  chosen  for  estimate,  for  that  it  keeps  the  canal 
and  its  business  in  their  present  locality,  and  disturbs  values  and  pro- 
perties the  least  of  any  of  the  three. 

When  the  canal  comes  to  be  constructed  it  will  be  time  enough  to  dis- 
cuss the  various  arguments  pro  and  con  to  grow  out  of  this  subject. 

At  Lockport,  then,  and  until  Joliet  is  passed,  the  line  remains  as  it  is 
now,  except  that  it  is  to  be  enlarged.  At  Lockport  occurs  lock  No.  1, 
and  about  a  mile  below,  lock  No.  2,  then  locks  3  and  4,  which  latt^er  drops 
into  the  Des  Plaines  as  it  enters  Joliet.  Then  occurs  dam  No.  1  and 
lock  No.  5,  lift  and  guard,  which  drops  into  the  basin  of  dam  No.  2, 
built  across  the  Des  Plaines  in  the  heart  of  the  town.  Here  occui*s 
guard-lock  No.  1,  which  admits  navigation  to  a  piece  of  independent 
canal,  extending  from  this  point  to  Lake  Joliet.  Locks  6, 7,  and  8  occur 
on  this  piece  of  independent  canal.  After  passing  dam  No.  2,  the  bed 
of  the  stream  has  to  be  changed  to  the  left,  and  provision  is  made  in  the 
estimate  for  a  new  channel  in  the  rock  from  6  to  8  feet  deep,  200  feet 
wide,  and  about  half  a  mile  long.  This  plan  avoids  the  necessity  of  dis- 
turbing buildings  to  any  considerable  extent,  and  creates  a  commodious 
basin  for  the  business  of  the  town,  where,  from  the  crowded  appearance 
of  things  at  present,  there  did  not  seem  to  be  much  promise  of  such 
facility.  At  about  a  quarter  of  a  mile  west  of  the  first  road-bridge  now 
crossing  the  canal  below  Joliet  the  line  veers  to  the  left,  leaving  the 
present  canal,  and  by  a  very  direct  course  enters  Lake  Joliet  at  the  foot 
of  the  low  limestone  bluffs  which  border  the  river  at  the  head  of  Lake 
Joliet  on  the  right  bank  of  the  stream. 

Lake  Joliet  is  slightly  raised  by  the  refluent  water  of  dam  No.  3  cross- 
ing the  river  about  a  mile  below  Treat's  island.  A  short  independent 
canal  conducts  us  around  dam  No.  3  into  the  water  backed  up  by  dam 
No.  4,  which  is  to  be  constructed  on  the  Illinois  river,  a  short  distance 
below  Dresden.  A  spill  must  be  given  to  this  dam  somewhat  greater 
than  ordinary,  for  at  the  confluence  of  the  Des  Plaines  and  the  Kanka- 
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kee  there  is  a  teiulency  to  ice  gorp^es,  the  eflfects  of  which  must  be 
gaarded  against.  The  canal  around  it  must  be  located  in  such  a  way 
as  not  to  attract  currents,  for  it  is  difficult  to  build  works  which  will 
withstand  the  forces  of  an  ice  gorge  or  freshet  when  in  full  activity.  It 
is  difficult  to  predict  now  what  the  fullest  consideration  maj  eventually 
dictate  as  the  true  construction  here.  Independent  canal  is  easy  to  con- 
struct from  Joliet  to  this  point,  and  below  Dresden  might  very  safely 
enter  the  river,  but  it  would  be  very  costly.  Twelve  or  fifteen  miles 
of  excavation,  over  100  feet  wide  and  8  or  10  feet  deep,  much  of 
it  in  rock,  an  aqueduct  across  the  Du  Page,  and  bridges  and  cul- 
verts lengthened  in  proportion,  besides  much  additional  and  expen- 
sive protection  required  at  the  Channahon  bluffs,  present  a  formidable 
bill  of  expense,  w  hich,  unless  the  most  mature  investigation  of  the  prob- 
able results  of  ice  gorges  below  Dresden  should  result  in  a  well  grounded 
fear  of  frequent  destruction  of  the  riVer  works,  ought  hardly  to  be 
incurred.  I  have  concluded  to  recommend  the  slack-water,  and  have  so 
estimated  the  cost  of  the  line,  in  the  hope  that  a  careful  and  prolonged 
study  of  the  locality  and  the  regimen  of  the  lUinois  will  warrant 
eventually  the  correctness  of  this  choice. 

Entering  the  stream  again  below  the  Dresden  dam  No.  4,  we  have 
slack-water  to  a  point  about  two  miles  below  MoiTis,  where  dam  No.  5 
is  to  be  erected,  which  lets  us  dow^n  into  the  pool  of  the  Marseilles  dam, 
recently  erected  for  manufacturing  puq)oses.  This  dam  we  number  in 
our  series  dam  No.  6.  At  Marseilles  independent  canal  is  indicated  on 
account  of  the  considerable  fall  occurring  just  below  that  town,  and 
continuing  nearly  to  Ottawa,  a  portion  of  the  river  named  from  the  cir- 
cumstance, by  the  French,  "The  Grand  Rapids."  We  enter  the  river 
permanently,  however,  for  slack- water,  a  short  distance  above  Ottawa^ 
Avhere  the  refluent  w  ater  of  dam  No.  7,  to  be  constructed  at  or  near 
Starve  Kock,  forms  our  navigation  until  we  reach  Utica,  where  we  enter 
upon  the  western  division,  comprising  the  remaining  227  miles  in  length 
of  the  Illinois,  on  w^hich  there  is  found  to  be  a  fall  not  exceeding  29  feet 
This  long  stretch  is  very  well  described  in  Mr.  Abert's  report  to  Gen- 
eral Wilson  on  this  same  subject,  laid  before  Congress  last  year.  Suffice 
it  to  say  here,  that  the  Illinois  river,  from  Utica  to  its  mouth,  flows  in  a 
bed  of  alluvion,  sand,  gravel  and  clay,  irregularly  alternating. 

Through  this  bed  the  river  has  made  a  passage  for  itself,  averaging 
from  10  to  12  feet  in  depth,  in  a  plane  tangential  to  the  shoals,  and  some 
600  to  800  feet  in  width. 

This  is  the  state  of  things  presented  at  low  water,  but  in  high  water 
the  river  overflow  s  this  channel,  and  covers  the  alluvial  intervale  or  bot- 
tom land  to  the  depth  of  10  or  12  feet.  The  intervale,  in  its  turn,  is 
bounded  by  terraces  or  blufts,  in  elevation,  say,  from  60  to  100  feet  and 
more  above  low  water,  forming  a  second  valley,  which  varies  in  width 
from  a  mile  and  a  half  to  six  miles. 

This  whole  surface  during  the  high-water  periods  is  covered  with 
water  to  a  depth  of  from  4  to  10  and  12  feet. 

It  is  evident  that  with  a  fall  scarcely  exceeding  an  inch  and  a  half 
per  mile,  there  must  be  most  effective  navigation  upon  this  whole  stretch 
when  the  floods  prevail;  and  it  will  scarcely  be  believed  when  it  is 
stated  that,  notwithstanding  this  vast  aecumulation  of  water,  and  the 
very  gentle  inclined  plane  that  carries  it  away,  the  depths  are  reduced 
almost  every  season  upon  the  shoals  in  the  bed  of  the  stream,  until  they 
do  not  exceed  an  average  depth  of  20  inches,  thus  in  fact  suspending 
navigation  for  periods  varying  from  60  to  90  days,  and  extending  some- 
times, as  in  the  season  last  past,  to  a  period  of  150  days. 
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seven  feet  in  depth  upon  the  shoals  of  the  river,  with  open 
a  less  area  in  width  than  the  area  of  the  navigable  thorough 
proposed  to  be  made  from  Lake  Michigan.  The  last  of  the 
that  going  into  the  Mississippi,  to  have,  instead  of  an  open 
egular  lock. 

(t  of  these  plans  is  the  one  best  understood  by  that  portion  of 
;  conversant  with  systems  of  internal  navigation.  It  is  certain 
ration,  and  will  not  cost  more  than  $9,000  per  mile  of  naviga- 
created  by  it.  It  cannot  fail  of  the  proposed  results  if  prop- 
ructed. 

!ond,  third,  and  fourth,  though  all  of  them  cheaper  than  the 
kll  of  them  more  or  le«s  experimental. 

t  of  these  systems  is  therefore  chosen,  recommended,  and  esti- 
ihis  report ;  leaving  the  othei's  for  consideration  if  they  should 
I  worthy  of  it  in  comparison  with  the  chosen  one,  when  the 
constructing  this  great  work  shall  have  arrived. 
1  Utica,  then,  and  the  mouth  of  the  river,  being  the  western 
f  this  canal,  it  is  proposed  to  erect  five  dams,  being  dams 
No.  12  inclusive,  and  by  the  side  of  those  dams  lock  No. 
21  inclusive,  with  only  so  much  independent  canal  as  will 
navigation  around  the  abutments  of  the  dams  in  safety. 
08  will'  be  so  constructed  as  to  insure  a  minimum  depth  for 
[  of  seven  feet,  and  to  afford  facility  for  passing  them  on 
pths  of  water  until  the  freshet  shall  rise  to  a  height  in  which 
of  the  dams  themselves  will  not  impede  navigation,  and  ves- 
►ver  them  freely  and  without  grounding, 
n  navigation  at  all  stages  of  the  water  is  thus  created,  and  if 
mal  quantity  of  water  brought  in  from  the  Lake  Michigan 
feeder  be  such  as  to  supply  the  want  now  so  severely  felt  from 
n  and  infiltration  during  the  dry  months,  the  width  of  the 
^  less  than  half  as  great  as  that  of  the  feeder,  and  their  depth 
same,  whilst  the  plane  of  fall  is  almost  exactly  equal,  it  may  be 
ck-firates  need  not  be  closed  durinsr  such  Deriods.  and  thus  a 
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tioii,  this  magnificent  work  may  prove  to  be  more  easily  operated  tlian 
any  work  now  in  existence,  certainly  on  this  continent,  and  possibly  in 
the  world. 

In  coming  to  some  of  the  results  above  enumerated,  we  performed 
some  sxtensive  field  operations. 

The  Calumet  feeder  was  sounde<l  with  iron  rods  from  its  outlet  to  the 
dam  at  Blue  island.  A  regular  surv^ey  was  made  from  Blue  island  to 
Momence,  on  the  Kankakee,  and  from  Momence  to  the  junction  of  the 
Kankakee  and  the  Des  Plaines,  where  the  Illinois  river  is  formed.  A 
reconnoissance  was  made  of  the  upper  Kankakee,  from  Momence  in  a 
northerly  direction  along  the  river  well  into  the  State  of  Indiana,  say 
about  30  miles,  among  the  Kankakee  marshes,  where  boats  had  to 
be  used,  there  being  no  foot-holding  for  the  instruments. 

This  surveying  and  reconnoitering,  although  settling  the  point  forever 
that  there  is  no  practicable  outlet  from  Lake  Michigan  to  the  Mississippi 
waters,.except  the  one  chosen  and  reported  upon,  nevertheless  gave  rise 
to  suggestions  more  or  less  pregnant  and  important. 

It  is  very  certain  that  a  navigation  of  respectable  size  can  be  made 
from  this  work  at  or  near  the  mouth  of  Kankakee  to  Momence,  thus 
developing  a  rich  and  productive  section  of  the  country  for  a  distance 
of  nearly  50  miles,  and  it  is  not  at  all  certain  but  that  this  navigation 
can  be  extended  and  produced  among  those  Kankakee  marshes  for  a 
hundred  or  more  miles  further,  until,  indeed,  a  junction  can  be  effected 
with  the  Wabash  and  Erie  Canal,  thus  producing  a  smaller  canal,  but 
one  capable  of  transporting  say  a  million  or  more  tons  per  annum  to 
Lake  Erie. 

I  can  pronounce  with  great  certainty  in  favor  of  the  practicability  of 
the  work  as  far  as  Momence.  Its  possibilities  beyond  are  only  suggested, 
and  cannot  be  realized  without  a  more  careful  investigation  of  that 
interesting  region. 

A  clearing  out  and  unification  of  channels,  and  an  occasional  cut-off 
will  give  a  small  steamer  navigation  on  a  minimum  depth  of,  say,  2  feet 
for  a  hundred  miles  northward  of  Momence,  even  as  it  is.  A  judicious 
expenditure  of  say  a  quarter  of  a  million  would  no  doubt  effect  this,  and 
at  the  same  time  assist  materially  in  draining  that  noble  body  of  land; 
and  I  hint  at  the  possibility  of  a  four-foot  navigation  being  constructed 
through  that  region,  which,  as  has  been  stated,  may  be  attached  to  the 
Maumee  work,  thus  cjounecting  the  Mississippi  by  water  with  Lake  Erie, 
in  a  direction  favorable  to  cheap  transportation ;  an  immense  saving  in 
distance  being  made  as  against  the  passage  by  the  lakes  to  the  same 
point. 

The  work  from  the  mouth  of  the  Kankakee  to  Momence,  47^  miles,  can 
be  constructed  for  $950,000,  being  at  the  rate  of  $20,000  per  mile.  This 
for  a  slack-water  navigation,  with  locks  100  x  17  x  5  feet  deep,  capable 
of  passing  boats  of,  say,  125  tons.  The  fall  from  Momence  to  the  Kanka- 
kee feeder  is  105  feet,  and  a  gauge  of  the  stream  at  its  mouth  on  the  9th  of 
September,  1867,  an  extraordinarily  dry  period,  gave  27,377  cubic  feet  per 
minute,  including  the  amount  passing  through  the  feeder  to  the' Illinois 
and  Michigan  canal.  It  is  proper  to  say  here  that  the  limestone,  much 
pervaded  by  fissures,  over  which  the  Kankakee  flows  near  its  mouth,  may 
considerably  reduce  the  \isible  quantity  of  water  flowing  over  it;  that 
therefore  its  contribution  to  the  Illinois  may  be  larger  than  appears  from 
the  gauge,  and  30,000  feet  per  minute  may  fairly  be  taken  as  the  minimum 
of  the  past  season. 

The  Fox  river,  also,  which  falls  into  the  Ilbnois  from  the  right  at  Ottawa, 
was  made  a  subject  of  examination.    A  survey  of  this  river  commenced 
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at  Ottawa  and  was  carried  to  Aurora,  a  distance  of  40  miles,  measuring 
from  the  feeder  dam  at  Ottawa.  Tliis  river  it  is  entirely  practicable  to 
improve  by  slack- water  navigation  for  that  distance,  and  possibly  as  far 
as  to  its  crossing  of  the  State  line  of  Wisconsin,  a  further  stretch  of  over 
60  miles.  A  navigation  of  the  same  size  as  that  proposed  for  the 
Kankakee  locks,  100  x  17  x  5,  would  cost*  on  the  Fox  river,  at  the  rate 
of  $35,000  )>er  mile.  The  fall  from  Aurora  to  the  feeder  at  Ottawa  is 
136  feet  The  quantity  of  water  flowing  on  the  17th  of  September,  1867, 
a  period  of  great  drought,  was  31,539  cubic  feet  per  minute,  including 
what  passed  through  the  feeder  to  the  canal. 

A  most  important  branch  line  to  this  great  improvement  was  surveyed 
by  Colonel  Hudnutt,  of  Chicago,  in  1866.  He  reports  that  a  canal  can  be 
built  of  dimensions  somewhat  larger  than  the  Ulinois  and  Michigan  canal, 
from  Rock  Island  on  the  Mississippi  to  the  vicinity  of  Hennepin  on 
the  Illinois,  a  distance  of  64  miles,  with  a  navigable  feeder  from  the 
Rock  river  at  Dixon  of  38  miles  in  length,  and  that  this  work  can  be 
built  for  about  $4,500,000.  I  consider  Colonel  Hudnutt's  estimate  suffi- 
ciently high,  and  would  recommend,  if  the  branch  be  adopted,  that  the 
size  of  the  work  be  increased  so  as  to  correspond  with  that  recommended 
for  the  Rock  river  improvement,  in  General  Wilson's  report  of  1866,  the 
branch  in  question  being  also  an  important  branch  of  the  latter  work. 
The  size  recommended  by  Colonel  Hudnutt  is  for  the  locks  150  x  21  x  6, 
with  a  projwrtionate  canal  prism.    The  Rock  river  lock  is  200  x  30  x  7. 

A  final  location  of  this  work  and  economical  construction  might  decide 
that  the  enlarged  size  recommended  here  would  not  exceed  $6,000,000  in 
cost,  and  would  probably  fall  short  of  it,  and  it  would  be  a  decided  advan- 
tage to  have  this  great  branch  line  constructed  so  as  to  coincide  with  at 
least  one  of  its  parent  stems. 

Its  coincidence  with  the  Rock  river  improvement  would  raise  it  to  a 
capacity  embracing  a  very  large  proportion  of  the  boats  on  the  upper 
Mississippi,  and  to  a  register  of  at  least  500  tons. 

A  tabular  statement  of  the  estimated  cost  accompanies  this  report; 
from  this  may  be  deduced  the  following  aggregates: 

Eastern  division — Chicago  to  Lockport,  29  miles $11,249,173  98 

3liddle  division — Lockport  to  Utica,  66  miles 5,014,468  58 

Western  division — Utica  to  mouth  of  Illinois,  227  miles . .       1,953,600  00 

Total 18,217,242  56 

A  smaller  sub-division  might  be  made  as  follows: 

1.  Chicago  to  Lockport,  29  miles $11,249,173  98 

2.  Lock  No.  1  to  lock  No.  8,  (Joliet  lake,)  7  miles. 2,095,546  53 

3.  Lock  No.  8  to  Marseilles,  40  miles 1,296,806  77 

4.  Marseilles  to  Ottawa,  6  miles 938,380  75 

5.  Ottawa  to  La  SaUe,  17  mUes 683,734  53 

6.  La  SaUe  to  mouth  of  the  river,  223  miles 1^953,600  00 

Total 18,217,242  56 


These  sums  include  contingencies  for  damages,  &c. 

The  works  for  this  canal  are  proposed  to  be  plain  and  substantial 
structures,  and  material  is  attainable  for  them  along  the  line.  Such 
lumber  as  may  be  required  from  a  distance  is  constantly  passing  along 
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the  Illinois  and  Michigan  canal  and  the  Illinois  river  daring  periods  of 
navigation. 
All  of  which  is  respectfully  submitted. 

I  am,  very  respectfully,  your  obedient  servant, 

JAMES  WOREALL, 

Ciml  Engineer  Assista/nt 

Brevet  Maj.  Gen.  J.  H.  Wilson,  TJ.  S.  A.,  and 
William  Gooding,  U.  S.  C.  E., 

Board  of  Engineers. 


HA. 

Itailrodd  levee  on  west  side  of  the  Mississippi  river. 

Willett's  Point,  ]!^ew  York  Harbor, 

January  31, 1868. 

Generai.:  I  have  the  honor  to  submit  the  following  report  upon  the 
project  of  the  Memphis  and  St.  Louis  Eailroad  Company  for  building  a 
railroad  levee  from  the  mouth  of  St.  Francis  river,  via  the  bank  of  the 
Mississippi,  to  New  Madrid,  and  thence  north,  via  Big  Prairie,  to  con- 
nect with  the  Iron  Mountain  railroad,  of  Missouri.  This  project  was 
referred  to  me  by  an  indorsement  from  your  headquarters,  dated  January 
22, 1868,  and  was  received  in  full  on  January  28,  1868.  My  report  is 
based  upon  information  obtained  when  your  assistant  in  the  surveys  and 
investigations  to  determine  the  most  practicable  plan  for  securing  the 
alluvial  lands  of  the  Mississippi  from  overflow,  made  in  the  years  1857- 
1861,  and  in  your  later  examinations  and  surveys  of  the  levees  of  the 
Mississippi,  made  in  1865-'66. 

The  following  facts  and  considerations  have  an  important  bearing  upon 
any  project  for  reclaiming  the  bottom  lands  of  the  St.  Francis  river  from 
overflow. 

This  region  consists  of  a  belt  of  swamp  lands  and  low  ridges  extending 
westward  from  the  Mississippi  river  between  Cape  Girardeau  and  the 
mouth  of  St.  Francis  river.  It  is  bounded  on  the  west  by  Crowley's 
ridge  and  other  hills  high  above  overflow  which  extend  northward  from 
the  mouth  of  St  Francis  river  to  the  highlands  west  of  Cape  Girardeau. 
Thei^  is  thus  inclosed  between  the  Mississippi  and  this  range  of  hills  an 
elliptical  distance  about  200  miles  long  and  35  miles  wide.  It  contains 
6,900  square  miles,  of  which  at  least  600  square  miles  are  entirely  above 
overflow.  The  remainder  is  submerged  in  great  flood  years  to  an  average 
depth  of  about  3  feet.  This  great  ellipse  slopes  from  north  to  south  at  an 
average  rate  of  about  8  inches  to  the  mile;  and  from  east  to  west  at  an 
average  rate  of  about  6  inches  to  the  mile.  The  St.  Francis  river  washes 
the  western  hills.  Where  it  pierces  Chalk  bluffs  its  high-water  elevation 
above  the  gulf  is  280  feet ;  at  the  crossing  of  the  Memphis  and  Little 
Bock  railroad,  this  elevation  is  209  feet;  at  the  mouth  it  is  about  200 
feet.  The  corresponding  elevation  of  the  high- water  surface  of  the  Mis- 
sissippi is  at  Cairo  322  feet;  at  Columbus  310  feet,  and  at  Memphis  221 
feet.  Of  course  the  general  ^uth westward  slope  of  the  bottom  lands  in 
this  basin  would  cause  the  vicinity  of  the  St.  Francis  river  to  be  tlie 
channel  of  discharge  both  for  ordinary  downfall  and  for  Mississippi  over- 
flow throughout  the  entire  region.  IJnfortunately,  this  is  prevented  by 
ft  system  of  low  ridges,  some  entirely  and  some  nearly  above  overflow, 
which  extend,  but  not  continuously,  throughout  the  whole  basin,  pre- 
serving a  general  north  and  south  direction.    These  ridges  turn  much  of 
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overflow  back  to  the  Mississippi,  and  thus  render  the  protection  of 
country  far  more  difficult  than  that  of  the  Yazoo  basin,  which  is  quite 
ilar  in  general  features,  but  which  differs  in  this  important  respect, 
t  water  which  has  once  left  the  Mississippi  cannot  return  except 
3ugh  or  near  the  mouth  of  Yazoo  river  at  its  southern  extremity. 
>  chief  bayous  which  carry  the  overflow  back  to  the  Mississippi  from 
St.  Francis  basin  are  the  following,  viz :  James  bayou,  near  Island 
bayou  St.  John,  at  New  Meadow  ;  Walker's  bayou,  near  Island  15 ; 
1  bayou,  opposite  Island  30 ;  Wappenoky  bayou,  near  Island  40,  and 
»you  near  head  of  Island  46.  There  is  also  an  immense  discharge  in 
3ons  of  great  floods  from  the  St.  Francis  river  and  over  the  banks  on 
li  side  of  its  mouth  extending  from  Helena  to  Walnut  Bend. 
Reside  the  danger  of  overflow  from  back  water  checked  in  its  south- 
itward  flow  by  swamp  ridges,  and  even  the  danger  of  his  levees  being 
ihed  into  the  river  in  certain  localities  from  the  same  cause,  the  engi- 
r  has  to  contend  with  a  rapid  caving  of  the  banks  of  the  Mississippi 
he  fundus  of  almost  all  the  great  bends  throughout  this  distance.  It 
w  worse  here  than  in  the  lower  river.  For  instance.  Council  Bend 
caved  a  mile  and  a  half  in  40  years,  and  another  bend  in  the  same 
nity  has  caved  over  a  mile  since  it  was  surveyed  in  1821. 
he  St.  Francis  bottom  lands  are  of  inexhaustible  fertility  and  are 
able  of  yielding  a  bale  of  cotton  to  the  acre  in  the  southern  portion, 
60  bushels  of  com  to  the  acre  in  the  northern  portion.  Great  induce- 
its  are  thus  offered  to  protect  it  from  overflow  from  the  Mississippi, 
hat  can  be  kept  out,  the  natural  swamp  drains  are  amply  sufficient 
arry  off  the  rain  water.  It  is,  however,  clear  from  the  conditions  of 
problem  that  a  thorough  general  system  and  great  good  judgment 
letails  are  necessary  before  success  can  be  reasonably  expected, 
mer  attempts  have  lacked  both  of  these  essential  elements,  as  can  be 
ly  shown.  Under  the  impulse  offered  in  1850  by  the  congressional 
at  of  the  swamp  and  overflowed  lands  within  their  limits  to  the  several 
T  States  to  provide  a  fund  for  reclaiming  them,  a  vigorous  effort  was 
le,  but  it  was  based  upon  no  general  plan  or  knowledge  of  the  topog- 
liy  of  the  basin  or  of  the  laws  of  river  discharge.  A  little  levee,  aver- 
ig  about  three  feet  high,  and  of  inadequate  cross- section,  was  built 
riy  continuously  along  the  river  front  of  the  entire  St.  Francis  basin, 
losely  followed  every  bend  of  the  river,  and,  as  might  have  been 
icipated,  it  proved  to  be  a  most  inadequate  and  temporary  expedient. 
^  great  flood  of  1858  and  those  of  succeeding  years  washed  much  oi 
w^ay;  the  caving  in  of  the  bends  carried  miles  of  it  into  the  river;  and. 
ne,  in  1866,  the  levees  below  Memphis  were  virtually  destroyed,  ana 
je  above  that  city  were  in  a  very  unsatisfactory  condition.  The  prob- 
of  protection  is,  therefore,  to-day,  practically  a  new  one,  and  work 
3tofore  expended  should  be  regarded  as  nearly  useless,  except  for  local 
rests,  and  should  be  neglected  in  forming  any  general  plan  for  future 
rations.  Such  a  plan  should  be  based  on  the  following  general  con- 
ons: 

To  locate  the  levee  so  far  west  of  the  river  as  to  avoid  all  danger  of 
ing  for  at  least  50  years.  Judging  by  the  past,  it  should  therefore  be 
^ast  a  mile  and  a  half  west  of  the  fundus  of  each  and  every  bend.  It 
robable  that  in  some  places  the  natural  ridges  do  not  favor  so  great 
stance,  but  it  is  cheaper  to  ex];)end  more  money  at  the  outset,  and 
5  secure  absolute  immunity  from  overflow,  than  to  rebuild  any  large 
ion  of  the  levee  after  a  crevasse  which,  with  the  back  country  under 
ivation,  might  involve  a  loss  of  millions  of  dollars,  to  say  nothing  of 
reciating  the  value  of  lands  supposed  to  be  secure. 
The  work  should  commence  in  the  northern  part  of  the  district  and 
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extend  southward,  not  the  reverse.  By  this  plan  the  upper  portion  of  the 
bottom  lands  would  derive  immediate  benefit,  since  the  flood  waters 
would  flow  southerly  from  the  temjwrary  terminus  of  the  work,  and  would 
not  endanger  most  of  the  lands  behind  the  levee  already  constructed. 
Moreover,  if  the  levees  were  begun  in  the  southern  part  of  the  basin,  the 
overflow  returning  from  the  swamps  to  the  river  woidd  give  great  trouble 
and  might  even  endanger  their  safety.  Still  another  reason  exists  for 
this  method  of  laying  out  the  work,  viz :  that  any  gi^eat  flood  occurring 
during  the  progress  of  construction  would  furnish  a  practical  test  of  the 
sufficiency  of  the  height  adopted  for  the  top  of  the  embankment. 

3.  Close  attention  should  be  given  during  the  progress  of  the  work  to 
the  subject  of  the  rain  water  drainage  of  the  land  reclaimed.  It  will 
probably  be  necessary  to  cut  drains  through  some  of  the  swamp  ridges, 
which  now  turn  tlie  combined  rain  water  and  Mississippi  overflow  back 
to  the  river.  K  tins  matter  were  not  considered,  the  levees  might  raise 
rain  water  lakes  in  the  rainy  months,  which  would  weaken  the  embank- 
ments, and  in  the  event  of  a  flood  might  even  cause  their  destruction. 

4.  The  most  vitally  important  and  the  most  difficult  to  determine  of 
all  the  conditions  for  a  good  system  of  levees  is  that  of  their  cross-sec- 
tion. The  usual  rules  for  river  embankments  will  indicate  sufficiently 
the  thickness  and  the  slopes,  when  the  height  is  fixed.  The  determiua- 
tion  of  the  height  is  one  ot  the  most  difficult  and  complicated  problems 
oftered  to  the  hydraulic  engineer.  In  the  following  solution  of  this  prob- 
lem for  the  St.  Francis  front,  I  would  state  at  the  outset  that  it  is  based 
upon  the  local  observations  made  during  the  great  flood  of  1858,  viz: 
a  daily  measurement  of  the  discharge  of  the  river  at  Columbus  and  at 
Vicksburg;  daily  records  of  the  stand  of  the  river  at  Cairo,  Columbus, 
Memphis,  Helena,  and  several  points  below,  and  a  careful  examination 
made  in  the  following  low  water  of  the  crevasses  along  the  front  from  Cairo 
south,  including  all  the  local  information  which  could  be  obta^ined  from 
the  most  intelligent  of  the  residents,  and  from  all  other  authentic  sonnies. 
It  is  to  be  remarked  that  the  vast  number  of  breaks  in  the  levels  in  this 
district,  together  with  the  sudden  and  excessive  oscillations  in  the  sand 
of  the  river  in  this  part  of  its  course,  where  the  '*  wave  system  "  of  flood 
movement  is  in  full  force,  rendered  it  imi>ossible  to  apply  tlie  same  close 
mathematical  analysis  to  the  problem  that  was  used  for  the  lower  river. 
The  conclusions,  however,  were  not  hastily  formed,  but  were  laboriously 
deduced  from  a  mass  of  infonnation  of  undoubted  accuracy,  and  were 
subjected  to  so  many  incidental  checks  as  to  be  worthy  of  confidence  even 
where  so  great  interests  are  involved.  It  should  be  distinctly  understood, 
however,  that  the  engineer  in  charge  of  the  work  must  cause  the  most 
careful  observations  to  be  made  upon  the  river  in  order  to  determine  the 
actual  effect  of  his  labors  upon  the  floods,  and  thus  to  check  the  compu- 
tations, holding  himself  ready  to  modify  his  project,  if  necessary,  upon 
the  data  thus  obtained. 

This  is  not  the  place  to  make  any  detailed  demonstration  of  the  method 
adopted  in  deducing  the  requisite  heights  for  the  levees  in  this  part  of 
the  Mississippi  valley.  The  subject  is  fully  treated  in  the  report  of  1861. 
It  is  sufficient  to  state  that  the  water  which  leav^es  the  river  in  the 
northern  part  of  the  St.  Francis  front  below  New  Madrid  flows  past  the 
middle  of  the  district  in  the  swamps,  and  if  it  were  confined  to  the  river- 
bed by  a  system  of  levees  the  high-water  mark  would  be  materially  raised 
thereby  in  this  middbe  part  of  the  region.  In  the  southern  pai't  of  the 
bottom  lands  the  increased  height  will  be  less  from  this  cause,  but  it 
will  also  be  aft'ected  by  the  back-water  resulting  from  reclaiming  the 
swamps  below  Helena.  This  whole  subject  is  treated  in  great  detail  in 
the  report  of  1861,  and  the  following  conclusions  are  there  announced: 
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Had  the  river  been  securely  confined  to  its  cliannel  by  levees  in  1858 
that  great  flood  would  have  risen  above  its  actual  height  about  two  feet 
at  Columbus,  about  6.5  feet  at  Memphis,  and  about  four  feet  at  Uelenn. 
The  actual  height  at  Helena  wa«  lowered  about  three  feet  by  the  anoina- 
loas  influence  of  the  immense  discharge  into  the  Yazoo  bottom  in  its 
vicinit>\  So  that  if  the  entire  Mississippi  lowlands  are  to  be  reclaimed 
from  overflow  in  a  flood  like  1858— probably  the  greatest  of  which  we 
have  authentic  records — the  tops  of  the  levees  must  be  placed  three  feet 
above  the  high-water  mark  of  that  year  at  the  mouth  of  the  Ohio,  and 
thence  gradually  increase  this  height  to  seven  feet  at  Osceola,  and  retain 
this  latter  height  to  mouth  of  St.  Francis  river. 

In  1862  a  great  flood  occurred,  but,  unfortunately,  the  war  prevented 
the  preservation  of  the  exact  records  necessary  to  compare  it  with  the 
flood  of  1858.  The  following  facts  were  collected  from  trustworthy 
sources  in  18G5-'66,  and  are  believed  to  be  worthy  of  confidence :  The 
high-water  mark  of  1862  was  higher  than  that  of  1858  at  Cairo  by  1.5 
foot;  at  Memphis  by  0.6  foot;  at  head  of  Cat  island  by  0.7  foot;  at  foot 
of  Cat  island  by  0.7  foot :  at  head  of  Walnut  Bend  by  1.1  foot,  and  at 
Helena  by  1.8  foot.  These  facts  do  not  necessarily  prove  that  the  flood 
of  1862  was  greater  than  that  of  1858 — that  is,  that  the  maximum  volume 
entries  in  the  alluvial  region  in  the  former  was  greater  than  in  the  latter 
year.  Still,  when  the  estimate  was  made  so  closely  upon  the  flood  of 
1858,  prudence  would  dictate  to  those  having  charge  of  the  construction 
of  a  grand  levee  for  the  entire  St.  Francis  bottom  to  increase  the  heights 
computed  for  that  flood  by  one  foot — that  is,  to  place  the  top  of  the  levee 
four  feet  above  the  high  water  of  1858  at  the  mouth  of  the  Ohio,  and  to 
gradually  increase  this  height  to  eight  leet  at  and  below  Osceola.  I  cer- 
tainly would  propose  a  less  height  myself  as  sufficient  to  secure  the  coun- 
try from  overflow. 

These  four  main*  elements  of  any  good  plan  for  the  protection  of  the 
St.  Francis  bottom  from  the  ravages  of  floods  furnish  the  touchstone 
forjudging  of  the  project  of  the  Memphis  and  St.  Louis  liailroad  Company. 
In  its  genei'al  features  it  evidently  complies  with  them,  and  in  addition 
offers  by  branch  roads,  readily  to  be  constructed  as  needed,  the  great 
benefits  of  direct  railroad  communication  and  trans))ortation  of  crops  to 
the  markets  of  Memphis  and  St.  Louis.  By  combining  the  interests  of 
planters  and  transporters  in  the  security  of  the  levees  the  safety  of  the 
region  is  doubly  guaranteed.  By  putting  the  levee  to  a  useful  purpose 
in  addition  to  its  passive  work  of  protecting  the  country,  it  will  better 
repay  the  cost  of  construction,  and  can  be  made  secure  in  consequence. 

There  is  one  objection  which  will  be  made  by  the  proprietors  of  the 
lands  thrown  out  by  its  location,  viz :  that  abandoning  so  much  valuable 
land  to  the  river  is  both  unjust  to  them  and  an  injury  to  the  country. 
This  objection  should  have  no  weight,  because  it  is  covered  by  the  broad 
principle  that  the  interests  of  a  part  must  yield  to  the  requirements  of 
the  general  good.  In  order  to  bring  the  back  country  under  cultivatipn 
security  against  overflow  must  be  had.  This  cannot  be  obtained  where 
the  levees  are  near  caving  bends,  as  experience  has  fully  shown.  More- 
over nothing  prevents  the  inauguration  of  a  system  of  exterior  levees 
to  be  built  by  local  means,  which  being  of  less  imjiortance  might  be 
made  much  more  cheaply,  and  yet  of  sufficient  dimensions  to  aftbrd 
security  against  all  but  the  greatest  floods,  which  fortunately  are  not  of 
very  frequent  occurrence. 

It  only  remains  to  determine  how  the  project  fulfills  each  of  the  four 
conditions  in  detail. 

1.  As  to  location.  The  position  of  the  route  marked  as  adopted  on  the 
accompanying  map  is  in  general  good  for  a  levee  location,  but  at  most  of 
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the  bends  it  lies  too  near  the  river.  The  map  does  not  indicate  any  dif- 
ficulty in  curving  the  line  to  the  westward  in  these  bends,  so  a^  to  seciu* 
a  minimum  distance  of  one  and  a  half  mile.  In  my  judgment  thi8 
should  be  done. 

All  or  nearly  all  the  overflow  above  New  Madrid  is  returned  to  th« 
river  by  the  high  ridge  called  Big  Prairie,  which  extending  north  from  that 
town,  is  followed  by  the  railroad.  The  proposed  embankment  thns 
affords  protection  to  all  the  St.  Francis  bottom  except  the  northeast  sec- 
tion and  the  strip  abandoned  to  tlie  river,  say  in  all  about  1,500  squai:e 
miles.  The  area  protected  is  therefore  about  5,400  square  miles.  Allow- 
ing one-fourth  of  this  region  to  consist  of  lake^  and  cypress  swamps  too 
low  for  natural  drainage,  we  have  4,050  square  miles,  or  about  2,600,000 
acres  of  the  best  cotton  and  com  land  in  the  world  that  will  be  open  to 
safe  cultivation  by  the  proposed  railroad  embankment.  Most  of  this 
region  is  forest  land  at  present,  but  it  can  easily  be  prepared  for  cul- 
ture in  the  usual  way,  by  girdling  the  trees  and  burning  the  under- 
brush. As  upon  all  alluvial  land  of  great  fertility,  there  will  probably 
be  a  prevalence  of  bilious  and  malarial  fevers  for  a  certain  period  before 
the  country  becomes  thoroughly  reclaimed;  but  the  district  lies  north  of 
the  usual  limits  for  the  yellow  fever,  and  no  sickness  which  will  prevent 
the  cultivation  and  rapid  settlement  of  the  reclaimed  lands  need  be  appre- 
hended. 

2.  As  to  order  of  cultivation.  Motives  of  self-interest  will  doubtless 
lead  the  railroad  company  to  construct  the  northern  part  of  the  road 
first.  Unlike  an  ordinary  firm  of  levee  contractors  they  have  an  inter- 
est in  the  work  after  it  is  completed,  and  hence  will  not  exjiose  it  to  de- 
struction by  beginning  at  the  southern  end.  Moreover  the  first  object 
will  be  to  connect  St,  Louis  and  Memphis. 

3.  As  to  rain-water  drainage  in  the  reclaimed  lands,  the  same  interest 
in  the  permanency  of  the  embankment  will  compel  the  railroad  to  cat 
through  any  ridge  which  make>s  a  lake  against  it  in  the  rainy  season. 
There  is  no  doubt  that  the  natural  swamp  drains  leading  to  the  St.  Fran- 
cis river  will  carry  off  all  the  downfall  upon  the  basin,  with,  perhaps, 
some  ditching  of  ridges.  The  railroad  company  cannot  avoid  doing  this 
work  when  any  general  interest  is  concerned.  Local  drainage  of  course 
must  be  attended  to  by  local  interests. 

4.  As  to  the  height  and  cross-section  of  the  embankment.  It  appears 
from  the  accompanying  letter  of  Mr.  E.  H.  Porter,  president  of  the  com- 
pany, that  the  engineer  proposes  a  solid  embankment  having  an  average 
height  of  7.5  feet,  a  width  at  top  of  12  feet,  and  a  slope  of  five  feet  to 
one  foot ;  also  that  the  whole  part  of  the  route  liable  to  overflow  from 
the  mouth  of  the  St.  Francis  river  to  New  Madrid  is  170  miles  in  length. 
The  accompanying  tracing  of  the  railroad  map  indicates  the  location  of 
the  road  throughout  this  distance ;  but  the  only  profile  which  accoDi- 
panies  those  papers  is  that  of  the  location  from  Hopefield  opposite  Mem- 
phis to  Arkansas  and  Missouri  State  line,  a  distance  of  64.26  miles. 
Upon  this  partial  profile,  which,  it  may  be  added,  indicates  many  bridges, 
of  course  inconsistent  with  a  levee  embankment,  the  grade  seems  to  be 
fixed  by  placing  it  from  two  feet  to  four  feet  (usually  about  two  feet) 
above  the  local  high-water  marks  found  upon  the  tree«.  The  average 
height  of  the  embankment  fulfilling  this  condition  seems  from  a  hasty 
inspection  of  the  draining  to  be  about  that  indicated  above,  namely,  7.5 
feet.  In  other  words,  the  top  of  the  levee  is  placed  two  feet  above  the 
Mississippi  high  water  at  Hopefield,  Mound  City,  and  Osceola^  where 
the  line  approaches  most  nearly  to  the  river  bank,  but  at  certain  inter- 
mediate points  is  lowered  to  correspond  with  the  local  marks  on  the 
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trees ;  this  grade  seems  to  give  the  proposed  height  of  7.5  feet  to  the 
levee. 

If  this  inference  is  correct  the  company  has  underrated  the  magnitude 
of  their  undertaking  in  two  respects : 

1.  The  construction  of  the  embankment  will  raise  the  high-water 
mark  upon  it  to  the  same  level  which  it  attains  upon  the  river-bank, 
by  damming  up  the  water  between  the  river  and  the  levee.  Heretofore 
it  has  had  free  access  to  the  swamps,  and  hence  its  surface  has  had  a 
perceptible  slope  away  from  the  river.  What  this  slope  is,  dependsupon 
local  conditions,  but  for  a  location  having  an  average  distance  of  four 
miles  from  the  river,  my  experience  in  other  bottom  lands  of  the  Mis- 
sissippi would  lead  me  to  anticipate  a  dilferenq^  of  levee  at  least  two 
feet.    In  faet  the  profile  itself  seems  to  indicate  this. 

2.  The  company  have  overlooked  the  fact  that  the  construction  of 
the  embankment  will  raise  the  high  water  of  the  river  itself.  As  alrea^ly 
seen,  this  rise,  very  closely  estimated,  will  be  about  eight  feet  between 
!New  Madrid  and  the  mouth  of  the  St.  Francis.  There  is  no  doubt  what- 
ever that  this  effect  will  be  produced,  and  that  this  is  the  minimum 
amount  upon  which  it  would  be  safe  to  estimate. 

Hence,  if  I  am  correct  in  supposing  that  the  adopted  grade  is  indicated 
upon  this  profile  and  if  the  company  design  to  allow  two  feet  above 
probable  high  water  for  their  grade,  their  proposed  height  of  embank- 
ment must  be  increased  to  2  +  8=  10  feetj  that  is,  it  must  become  17.5 
feet.  I  would  not  venture  to  recommend  a  less  height.  The  levees  upon 
the  \istula  average  20  feet  in  height. 

With  respect  to  the  cross-section  my  opinion  is  that  a  width  at  top  of 
12  feet,  with  a  slope  toward  the  river  of  one  upon  three  and  a  slope 
toward  the  land  of  one  upon  two,  would  suffice;  provided  the  embank- 
ment is  well  made,  is  covered  with  Bermuda  grass,  and  is  protected 
against  the  action  of  currents  by  a  forest  growth  near  its  base,  between 
it  and  the  river.  The  distance  of  its  location  from  the  river  and  the 
short  deviation  of  extreme  high  water  in  this  part  of  the  alluvial  region 
render  these  deviations  safe.  They  would  not  be  sufficient  further  south 
for  levees  of  this  height. 

In  conclusion  I  would  say  that  in  my  judgment  this  plan  is  the  be^st; 
in  fact,  the  only  feasible  one  at  present  for  the  protection  of  this  region 
againts  river  floods  and  for  rendering  it  available  for  cultivation.  To 
reclaim  the  district  will  be  of  vast  utility  to  the  States  of  Arkansas  and 
Missouri,  and  indeed  to  the  whole  country.  It  is  to  be  regreted  that  so 
expensive  works  are  required  to  secure  this  protectionj  but  it  is  better 
to  enter  upon  the  undertaking  with  a  proper  appreciation  of  its  magni- 
tude than  to  expend  vast  sums  in  abortive  attempts,  as  has  heretofore 
been  done  in  most  levee  projects  in  the  Mississippi  valley. 

I  am,  general,  very  respectfully,  your  obedient  servant, 

HENRY  L.  ABBOT, 
Major  of  Engineer s^  Brevet  Brigadier  Qemral,   • 

Major  General  A.  A.  Humphreys, 

Chief  of  Engineers  United  States  Army. 


House  of  Representatives, 

Washington^  January  17,  1868. 

General,:  A  bill  has  been  referred  to  the  Committee  on  Freedmen's 
AflRairs  granting  aid  by  the  general  government  to  two  railroad  companies^ 
one  chartered  by  the  Arkansas  legislature,  and  the  other  by  the  Missouri 
legislature,  for  "the  construction  of  a  railroad  along  the  west  bank  of  the 
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Mississippi  river  from  the  mouth  of  the  St.  Francis  to  a  point  west  of 
Cape  Girardeau,  in  Missouri,  there  to  unite  with  the  lion  Mountain  road 
and  thus  form  a  continuous  line  of  road  to  St.  Louis.  These  companies 
propose  to  construct  the  bed  of  their  roads  of  height  and  width  to  serve 
as  a  levee. 

The  committee  are  desirous  of  obtaining  such  information  from  your 
department  bearing  upon  the  matters  involved  in  these  propositions  as 
you  can  conveniently  furnish.  They  would  like  to  be  advised  esi>ecially 
as  to  the  practicability  of  making  a  railroad  bed  along  that  route  serve  the 
purposes  of  a  levee. 

The  average  height  and  width  that  would  be  required  for  such  a  pur- 
pose; the  relative  elevation  of  the  Mississippi  and  the  St.  Francis  river; 
the  probable  quantity  of  land  that  could  be  reclaimed  in  that  way;  \U 
comparative  fertility  as  well  as  its  adaptability  for  purposes  of  cultivation 
when  reclaimed;  its  comparative  healthfulness,  &c.,  &c.  The  committee 
have  directed  me  to  address  you  upon  the  subject,  and  any  information 
relating  to  these  matters  that  you  may  be  pleased  to  furnish  the  com- 
mittee will  be  thankfully  received. 

Very  respectfully,  your  obedient  servant, 

B.  F.  LOAN, 
Of  Missouri,  a  Member  of  the  Committer, 

P.  S. — It  is  verj'  desirable  that  the  committee  should  be  furnished 
with  copies  of  your  latest  maps  compiled  from  your  surveys. 


APPENDIX  I. 

New  Orleans,  Louisiana, 

July  Ij  1868. 

General:  In  compliance  with  the  requirements  of  circular  dated 
headquarters  corps  of  engineers,  June  10,  1808,  I  have  the  honor  to 
submit  the  following  annual  report  of  progress,  &c.,  in  all  works  of  river 
and  harbor  improvements  and  surveys  in  my  charge  since  September  12, 
1867,  the  date  of  my  last  annual  report: 

SiUTey  of  pass  and  Bayou  MancMc  and  Amite  river ,  Louisiana^  icith  a  tietc 
to  determining  the  feasibility  of  establishing  first-class  steamboat  naviga- 
tion on  their  line  between  the  Mississippi  river  and  Lake  Pontchartrain. 

My  full  report  of  this  survey,  dated  January  9,  1808,  with  projects, 
estimates,  maps,  and  phins,  was  completed  and  transmitted  early  iu 
January  last,  and  is  respectfully  referred  to  for  the  information  called 
for. 

Survey  of  Galveston  harbor,  Texas,  with  a  view  of  forming  plans  for  its 

preservation  and  improvement. 

This  survey  has  been  completed,  and  my  full  report  thereof,  dated 
June  9, 1808,  already  transmitted,  with  the  documents,  charts,  and  plans 
referred  to  therein,  is  respectfully  referred  to  for  the  information  called 
for. 

Improvement  of  the  mouth  of  the  Mississippi  river. 

On  the  13th  of  September,  1807,  proposals  for  constructing  and  dehv- 
ering  the  authorized  dredge-boat,  <lesigned  for  executing  the  improve- 
ment, were  opened.  Only  two  proposals  were  presented,  of  which  the 
following  is  an  abstract: 


REPORT   OF   THE   SECRETARY   OF   WAR. 


475 


> 
p< 

CL, 
►H 
CO 
CO 

OQ 
00 


§    ^ 


PC4 
O 


CO 

1 


r 


Amount. 

1 

i  i     ' 

• 

J 

e 
s 

I 

s 

la 
O 

o 

Oeo.  F,  BetiM,  clerk  of  district 
court  for  iouthenidliitriot  of 
New  York. 

£ 

8 

61 1 

•^    hi 

c 

o 

i 
& 

o 

e 

« 
« 

« 

> 

a 

0 

e 
•a 

« 

CI 

c 

pa 

o 

'      o 

•  i 
% 

0     £ 

0^     & 

k 

.    0 

^  3 

If 

c 

c 

i? 

9 

l|8 

0 

•Sikb 

«  0  S  es 

SHf3 

»  <<        1 

•' 

Si           1 

k 

a 

•s 

-&     : 

2 

a       • 

Z 

0      ; 

0 

3 

1 

1  i 

s. 

2  1 

s 

t       J3 

1 

2    -a. 

£4J3 

• 

PS^OO 

0 

^ 

e 

0 

• 

e 

»■ 

« 

« 

•0 
2 

5 

mm0 

.0 

.?*« 

0 
• 

» 

a 

■ 

|il 

si; 

^o« 

ba*3 

'S'S  g 

l<i 

i^    h 

1 

476  BEPORT  OP  THE  SECRETARY  OF  WAR. 

These  bids  were  unacceptable,  since  they  exceeded  not  only  my  careful 
and  liberal  estimate  of  the  cost  of  building  and  delivering  the  vessel,  but 
also  the  amount  of  funds  available;  and  by  headquarter's  letter  of  Sep- 
tember 16,  1867, 1  was  directed  to  reject  both,  which  I  accordingly  did. 

By  headquarters  letter  of  the  19th  September,  1867,  I  was  authorized 
to  advertise  anew  for  proposals,  with  a  more  liberal  arrangement  of  pay- 
ments, and  a  greater  publicity  of  the  notice.  The  residt  fidly  vindicated 
the  wisdom  of  this  course.  Five  proposals  were  received,  and  were 
opened  October  12, 1867.    The  following  abstract  exhibits  them : 
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Under  authority  contained  in  headquarters  letter  of  October  14, 1867, 
I  awarded  the  contract  to  the  Atlantic  Works  of  East  Boston,  Massa- 
chusetts, after  fully  satisfying  myself  as  to  the  pecuniary  responsibility 
of  the  proprietors  and  oflRcers  of  that  establishment,  and  of  the  sureties 
offered.  The  day  following  (15th)  the  contract  and  bond  were  executed 
The  following  is  an  abstract  of  the  contract : 

Articles  of  agreement,  entered  into  this  fifteenth  day  of  October,  eighteen  hundred  and  six- 
ty-seven, (1867,)  between  Brevet  Brigadier  General  M.  D.  McAlester,  major  corps  of  en^ 
neers  United  States  army,  of  the  one  part,  and  the  Atlantic  Works,  Oliver  Edwards, 
president,  city  of  Boston,  in  the  county  of  Suffolk,  in  the  State  of  Massachusetts,  of  the 
other  part. 

This  afi:reement  witnesseth,  that  the  said  Brevet  Brigadier  General  M.  D.  McAlester,  major 
corps  of  engineers  United  States  army,  for  and  in  behalf  of  the  United  States  of  America, 
and  the  said  Atlantic  Works,  Oliver  Edwards,  president,  for  their  heirs,  executors,  and 
administrators,  hnve  mutually  agreed,  and  by  these  presents  do  mutually  covenant  and 
Hgree,  to  and  with  eadi  other,  in  the  manner  following,  namely:  That  the  said  Atlantic 
Works,  Oliver  Edwards,  prei^ident,  shall  construct  and  equip  ready  for  sea  and  for  work,  at 
Boston,  Massachusetts,  and  deliver  at  such  points  as  the  engineer  in  charge  may  direct,  in 
the  Mississippi  river,  at  or  below  New  Orleans,  a  dredge-boat  for  improving  the  mouth  of  the 

Mississippi  river,  for  the  price  of  two  hundred  and  twenty-three  thousand  dollars,  ($223,000.) 

«  ^  «  ,«  •  •  *■ 

That  the  said  Atlantic  Works,  Oliver  Edwards,  president,  shall  commence  work  on  the 
hull,  entwines,  and  machinery  on  or  before  the  twentieth  (20th)  day  of  October,  eighteen 
hundred  and  sixty-seven,  (1867,)  and  complete  the  construction  and  equipment  reMy  for 
8^ a  and  for  work  on  or  before  the  twentieth  day  of  March,  eighteen  hundred  and  sixty- 
eight,  (1888,)  and  complete  the  trials  and  trial  trip  and  the  delivery  on  or  before  the 
ttnth  (lOtli)  day  of  April,  eighteen  hundred  and  sixty -eight,  (1868.) 

That  payment  shall  be  made,  forty  per  centum  of  the  contract  price  when  the  hull  shall 
have  been  launched  and  approved,  and  the  boilers  and  the  cylinders  of  the  three  propeller 
engines  shall  have  been  completed  and  approved  ;  thirty-five  per  centum  of  the  contract 
price  wheu  the  dredge-boat  contracted  for  shall  have  been  completed  and  approved, 
reserving  twenty* five  per  centum  of  the  contract  price  until  the  dredge-boat  shall  have 
been  ilehvered  and  accepted. 

On  the  17th  of  October,  1S67, 1  assigned  First  Lieutenant  D.  W.  Payne, 
corps  of  engineers,  as  inspector  of  the  dredge  boat,  with  a  view  to  secu- 
ring a  faithful  performance  of  the  contract,  stationing  him  for  the  time 
at  tlie  place  of  construction,  with  full  instructions  for  his  guidance. 

By  headquarters  letter  of  October  23, 1867,  the  contract  was  approved. 
The  drawings  and  models  were  then  placed  in  the  hands  of  the  cod- 
tractors,  and  work  was  immeidately  begun.  At  this  juncture  some 
unforeseen  delay  occurred  on  account  of  the  difficulty  of  supplying 
working  drawings  as  rapidly  as  required,  the  contractors  having  received 
tlie  mistaken  impression  that  the  term  "  detailed  drawings"  used  in  the 
notice  for  proposals,  and  other  preliminary  information,  included  or 
implied  also  "  working  drawings.''  They,  however,  heartily  luiited  with 
me  ill  extraordinary  efforts  to  overcome  the  delay;  and  the  progress 
made,  and  the  character  of  the  materials  and  workmanship  which  have 
been  employed,  are  creditable  to  their  energy,  intelligence,  and  integ- 
rity. 

By  the  1st  of  January,  1868,  the  contractors  had  invested  in  the 
dredge-boat  $65,237  49. 

The  following  extract  of  Lieutenant  Payne's  weekly  report  of  January 
10, 1868,  exhibits  the  condition  and  progress  of  the  vessel  on  that  date : 

Up  to  date  the  work  stands  as  follows :  All  the  castings  and  forgings  for  the  valve- 
gear  are  made,  and  About  two-thirds  of  the  work  of  fitting  aud  iiuishing  them  done; 
all  the  injection,  delivery,  feed,  check,  safety-viUves,  and  valves  for  the  steam-cheats 
are  tiniMhecl. 

One  cylinder  has  been  bored  and  faced,  another  wiU  probably  be  received  in  the  shop 
this  week ;  the  piHt<m-rods,  upper  hea<l8  for  cyliniiers,  bonnets  for  steam-chests,  for- 
ward dead-wood  pipe,  and  the  stuffing-boxes  ft)r  the  i>roi>eller  shafts  and  the  cylin- 
der turned.    The  crank  shafts  aud  the  crank  pins  have  been  forged.    The  small  air 
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pnmp  has  been  boxed  and  faced;  its  bed  is  being  planed.  The  lower  cylinder-beads 
and  the  conijjosition  rings  for  the  thnist  bwiringa  have  been  bored.  TJie  bush  bear- 
ings, after  dead-wood  pii)e,  pistons  and  followers,  have  been  cast.  In  general  t^^rnis, 
about  on«'-half  of  the  work  on  the  niachinerj^  is  completed.  There  is  some  delay  in  obtain- 
ing the  lai'ge  ca^stings;  sbonld  the  two  remaining  cylinders,  the  large  air-pump,  (cast- 
ings received  11th,)  and  the  large  cx^ndenst^r,  be  brought  i-o  the  shop  within  the  next 
two  we4?k8, 1  think  the  machinery  will  be  finished  in  time.  The  boilers  are  about  two- 
thirds  finished;  I  think  I  can  state  safely  that  they  will  be  completed  by  the  1st  of 
March. 

The  hull  is  also  about  two-thirdu  finished.  The  lower-deck  beams  are  in  place ;  the 
ceiling  is  carried  up  as  high  as  these  beams ;  the  beds  for  the  engines  and  condensei  s 
are  nearly  completed,  and  11  strakes  of  planking  are  on. 

Mr.  Smith  assured  me  this  morning  that,  in  case  we  were  favored  with  ordinary  g<»od 
weather,  he  would  be  able  to  launch  the  hull  on  the  10th  of  February. 

So  far  all  the  work  has  been  performed  in  the  most  satisfactory  manner,  and  tluj 
contractors  have  evinced  a  desire  to  fulfill  their  contract  honestly.  I  have  made  careful 
iusjiections  nearly  every  day,  and  am  able  to  say  that  the  best  of  materials  have  been 
iiijed,  and  the  work  has  been  performed  in  a  workmanlike  manner. 

By  the  29th  January  the  contractors  had  invested  $94,441  22  in 
the  vessel. 

On  the  26th  March  an  application  for  an  extension  of  time  in  which  to 
complete  and  deliver  the  vessel  was  made,  by  the  following  letter, 
indorsed  by  the  inspector : 

Ati^xtic  Works,  Boston,  March  26, 1868. 

Sm:  We  most  re8i)ectftilly  solicit  an  extension  of  the  time  at  which  the  dredge-boat 
was  to  be  complet-eci  and  delivered  for  two  months.  As  you  are  aware,  we  were  delayed 
for  five  or  six  wwiks,  for  want  of  the  di'awings  in  detail,  which  were  essential,  and 
were  to  l>e  furnished  from  New  York. 

We  have  found,  also,  unusual  difficulty  in  obtaining  through  the  foundery  so  many 
large  castings.  All  are  now  in  the  machine-shop,  sjive  one  condenser.  This  will  una- 
voidably be  delayed  10  days,  in  consequence  of  an  accident  to  the  mold  during  the 
lat*!  storm,  the  water  penetrating  to  the  pit  in  which  it  was  jdaced. 

We  have  used,  we  assure  you,  all  possible  effort  to  hasten  forward  the  work,  w^hich 
we  are  confident  has  progressed  with  remarkable  rapidity,  considering  the  circum- 
stances ;  and  wo  wiU  spare  no  exertion  to  comi)lete  and  deliver  the  ship  within  the 
time,  extended  ivs  al)ove  requested. 
Yours,  most  re8i>ectfiilly, 

FRANKLIN  W.  SMITH, 

Treasurer, 
Brigadier  General  M.  D.  McAlkster, 

23  Rampart  Street^  Neve  Orleans,  La. 

Atlantic  Works,  March  27, 1868. 

Respectfully  forwarded  to  General  M.  D.  McAlester,  at  New  Orleans,  with  the  state- 
ment that  the  contract^irs  have  made  every  effbrt  to  finish  the  dredge-boat  by  the  time 
specified,  but  have  been  unavoidably  detained,  as  herein  stated. 

D.  W.  PAYNE, 
1st  Lieutenant  Corps  of  Engineers, 

Having  obtained  from  the  sureties  written  acknowldgments,  duly 
and  legally  subscribed,  that  their  liabilities  would  in  no  way  be  changed 
by  the  granting  of  an  extension,  I  took  the  following  action  on  the  appli- 
cation: 

United  States  Engineer  Office, 

Xew  Orleane,  April  6,  1868. 

Sir  :  I  have  received  your  letter  of  the  26th  ultimo  containing  an  application  on 
behalf  of  the  Atlantic  Works  for  an  extension  of  the  time  for  the  completion  of  the 
*•  construction  and  equipment  ready  for  sea  and  for  work,"  and  the  "  trials  and  trial 
trip  and  delivery  "  of  the  dredge-boat  now  constructing  by  said  Atlantic  Works,  for  the 
improvement  of  the  mouth  of  the  Mississippi  river,  under  contract  with  the  United  States. 

The  period  of  time  for  completing  the  construction  and  equipment  of  the  dredge- 
boat  ready  for  sea  and  for  work  is  specified  in  the  contract  to  be  limited  by  the  20th 
day  of  March,  1888,  and  is  hereby  extendefl  to  the  30th  day  of  April,  1868. 

The  period  for  completing  the  trials  and  trial  trip,  and  the  delivery  of  the  said 
dredge-boat,  is  spetnfied  in  the  said  contract  to  be  limited  by  the  10th  day  of  April, 
1868,  and  is  hereby  extended  to  the  20th  day  of  May,  1868. 
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The  above  extensions  are  the  utmost  that  can  be  granted  consistently  with  the  pub- 
lic interests  involved,  and  are  believed  to  fully  compensate  for  all  delays  on  the  part 
of  the  said  Atlantic  Works  due  to  causes  not  foreseen  at  the  signing  of  the  contract. 
Very  respectfully,  your  obedient  servant, 

M.  D.  McALESTER, 
Bvt  Brigadier  General^  ^*c.,  in  Churge  of  Misttiasijjpi  river j  ^, 
Mr.  Franklin  W.  Smith, 

Treasurer  Atlantic  WorkSt  Boston,  Mass. 

This  action  was  duly  reported  and  approved  at  headquarters. 

On  the  11th  of  April  the  vessel  had  reached  that  stage  of  progress 
which  by  the  terms  of  the  contract  entitled  the  contractors  to  the  first 
payment. 

On  the  27th  of  April  Lieutenant  Payne  reported  the  probability  of 
the  trials  and  trial  trip  being  delayed  till  the  15th  of  May.  As  this  cir- 
cumstance would  delay  the  delivery  of  the  vessel  beyond  the  date  con- 
templated, I  called  on  Lieutenant  Payne  for  a  special  report  upon  the 
efforts  used  by  the  contractors  during  the  period  included  by  the  exten- 
sion granted.    He  replied  as  follows,  under  date  of  May  16th,  1868 : 

Since  the  20th  of  March  the  contractors  have  made  every  effort  in  their  power  to 
coniplet>e  the  boat  at  the  earlic-st  moment.  All  the  workmen  have  been  employed  that 
could  be  used ;  more  or  less  night  work  has  been  done  since  the  middle  of  January^  but 
during  the  last  month  their  men  have  worked  nearly  every  night.  There  is  no  especial 
cause  for  the  delay — that  is  to  say,  thipy  have  not  been  very  much  detiiined  by  the 
weather,  although  it  has  been  very  bad ;  nor  has  there  been  but  one  accident.  They 
underestimated  the  time  required,  and  have  undertaken  more  work  than  their  facili- 
ties enabled  to  perform  in  the  time  specified.  Should  no  accideut-s  happen  on  the  trial 
trip,  and  everythiug  work  satisfactorily,  the  vessel  ought  to  leave  here  by  the  26th 
instant. 

The  vessel  was  completed  on  the  28th  of  May,  and  a  trial  and  Wal 
trip  were  made  on  the  29th,  the  results  of  which  are  reported  by  Lieu- 
tenant Payne  as  follows: 

Atlantic  Works, 
East  Boston,  Massachusetts ,  June  1,  1868. 

General:  I  have  the  honor  to  report  as  follows  upon  the  operations  on  board  the 
Essayons  during  the  week  ending  on  the  30th  of  May,  1868 : 

On  the  25th  30  tons  of  pig-iron  were  placed  in  the  forward  and  after  tanks ;  tjiese 
tanks  were  then  tilled  with  water,  the  bulkheads  carefuUy  examined  and  the  leaks 
marked.  In  pumping  out  the  tanks  the  circulating  pumps  were  revolved  300  times  per 
minute,  but  delivered  only  about  300  gallons  per  minute.  On  the  26th  commenced 
coaling ;  nine  men  were  employed  at  this.  By  hoisting  from  both  hatches  of  the 
schooner  two  gangs  could  have  worked.  The  leaks  in  the  bulkheads  of  the  water 
tanks  were  calked.  Paint'ers  were  painting  the  engine-rooms.  On  27th  coaling  and 
painting.    All  tlie  coal,  380  tons,  was  on  board  by  the  evening  of  the  28th. 

On  the  2^h  all  the  engines  were  worked  during  the  greater  part  of  the  day.  No 
trouble  was  found  with  anything,  except  the  circulating  pumps.  At  200  revolutions 
they  did  not  throw  sufficient  water  to  pennit  the  large  engines  to  work  faster  than  30 
revolutions.  At  this  speed,  with  30  pounds  of  steam,  the  vacuum  in  the  after  engine- 
room  varied  between  19  inches  and  21  inches;  in  the  forward  room  it  averag^  15 
inches.  The  forward  propeller  shaft  warmed  up  a  little  in  the  thrust  bearing,  but  was 
soon  cooled  off  and  gave  no  further  trouble. 

On  the  30th  at  9.j5)  a.  m.  the  Essayons  left  the  dock  to  proceed  on  the  trial  trip.  The 
weather  was  very  foggy,  and  the  pilot  not  deeming  it  prudent  to  go  out^^ide,  it  was 
decided  to  run  ujwn  a  nmd  bank  to  test  the  forward  propeller  and  the  scrapers.  The 
vessel  was  drawing  13  feet  9  inches  forward ;  the  lowest  imint  of  the  circle  deucribed  by 
the  extremities  of  the  propeller  blades  was  15  feet  9  inches  under  water,  and  the  bot- 
tom of  the  mud  keel  16  feet  9  inches. 

As  the  vessel  approached  and  entered  the  bank  the  soundings  were  as  follows,  viz: 
17  feet  6  inches,  17  feet,  16  feet  6  inches,  16  feet,  15  feet  6  inches,  15  feet,  14  feet  6  inches, 
15  feet  6  inches,  14  feet  6  inches,  14  feet  6  inches,  14  feet,  14  feet,  13  feet  6  inches,  12  feet 
6  inches,  12  feet  6  inches.  The  bottom  was  comiwsed  of  soft,  mud,  into  which  an  ordi- 
nary sounding  lead  of  eight  pounds  weight  sunk  about  one  foot  when  aUowed  to 
remain  on  it  a  few  minutes.  We  approached  the  bank  at  a  speed  of  about  five  miles 
per  hour ;  after  going  about  twice  the  length  of  the  boat  the  propeller  was  three  feet 
three  inches  in  the  mud,  and  the  mud-keel  four  feet  three  inches.    We  worked  here 
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abont  10  minntes,  the  vessel  movinjj  aliead  about  two  feet  per  second.  The  engines 
were  making  30  revolutions  at  the  start  and  kept  up  to  26  during  the  whole  time  we 
were  working.  She  backed  off  and  ran  ujjon  the  bank  again  with  the  same  results. 
Tlie after  scraper  was  then  h>wered  in  17  feet  water;  boat  was  drawmg  16  feet  4  incht'S 
aft.  The  hoisting  gear  was  slackened  so  as  to  let  the  scraper  into  the  mud  as  far  an  its 
weight  would  force  it.  When  the  8crai)er  was  loweretl  the  vessel  was  moving  forward 
at  aliout  four  miles  per  houi*,  after-engines  running;  both  engines  were  then  starte<l  at 
full  8|Kved.  The  for wai*d engine  made  44  and  the  after  35  revolutions  per  minute.  The 
scrajier  was  dragged  through  the  mud  with  great  ease;  boat  moved  at  about  six  milcjs 
lK»r  htiur.  We  then  ran  over  a  shoal  about  100  yards  wi<le,  water  17  feet  deep,  with  scraper 
down,  with  same  result.  Tlie  bt>om  that  supports  the  forward  scraper  was  broken  in  the 
moruiiig  by  the  tug  that  took  us  out  of  the  slip,  so  the  forward  scraper  waa  not  tested.  Mr. 
Allen,  president  Novelty  Works,  was  present,  and  expressed  himself  as  highly  pleased 
with  the  working  of  the  engines.  He  agreed  with  me  that  the  circulating  pumps  would 
not  answer;  said  that  Mr.  Kinzie  had  made  a  mistake  'ah  to  the  size  re(piired,  and  that 
lie  would  have  larger  ones  sent  on  at  once.  When  the  scra])er  was  tested  the  engines 
were  run  as  rapidly  as  possible  without  heating  the  air-pimips  and  condensers. 

When  the  new  circulating  pumps  are  i)ut  on  board  I  propose  to  test  both  scrapers 
with  the  engine,s  running  at  60  revolutions.  The  tluiist  from  both  screws  will  amount 
to  about  40,000  pounds.  At  4.55  p.  m.  we  ran  out  to  sea  about  live  miles  beyond  Boston 
light,  when  it  began  to  get  foggy,  Jind,  as  the  pilot  thought  it  imprudent  to  go  further, 
we  returned  to  the  city.  In  going  out  ancl  back  we  ran  about  25  miles;  the  log 
showed  a  speed  of  eight  and  a  half  knots  when  moving  fastest.  The  engines  average 
39  revolutions;  their  speed  varied  with  the  vacuum  obtained.  In  the  forward  engine 
nnmi  the  vacuum  varied  from  live  inches  to  fifteen  inches,  but  stood  at  15  inches  most 
of  the  time. 

The  temperature  of  the  hot  well  varied  from  140°  to  180^.  Vacuum  gauge  in  after- 
engine-room  vari(Kl  from  14^  to  15'^,  temperature  of  hot  well  from  10P<^  to  120°.  The 
boilers  kept  up  45  pounds  of  steam  with  doors  open. 

I  am  very  highly  pleased  with  the  workings  of  the  engines ;  all  the  journals  kept 
cool  and  the  cut-off  worked  well.  The  toes  on  the  rock  shafts  need  a  little  filing,  in 
order  that  the  valve-gear  may  work  noiselessly.  VVlien  the  new  pumps  are  on  board, 
we  will  make  another  trip  to  sea.  An  indicator  will  be  placed  on  the  engines,  and  I 
can  then  give  a  more  definite  report  regarding  them. 

I  am  satisfied  with  the  test  given  the  forward  propeller  that  it  possesses  sufficient 
strength. 

If  you  have  any  instructions  to  give  me,  with  regard  to  the  trial  of  the  machinery, 
I  would  respectfully  request  to  have  them  sent  me  by  telegraph,  as  we  will  probably 
go  out  again  in  about  10  days. 

Very  re«i)ectfullv,  your  obedient  servant, 

D.  W.  PAYKE, 
First  Lieutenant  Engineers, 

Brevet  Brigadier  M.  D.  McAlester, 

Engineer,  Xetc  Orle^ms,  Lousiana, 

The  failure  of  the  circulating  pumps  (supplying  cold  water  to  the 
condenser  and  pumping  out  water  tanks)  was  at  iii-st  inexplicable;  and 
their  replacement,  together  with  the  various  readjustments  of  valve- 
gear  and  other  maehinery,  the  necessity  for  which  was  developed 
in  the  trials,  caused  a  further  delay  of  two  weeks.  This  delay  cannot, 
I  think,  be  fairly  charged  upon  the  contractors.  The  kind  and  size  of 
pumps  (Gerecke's  patent  turbinate  rotary  x>nmp,  10-inch  size)  were 
embodied  in  the  specifications.  The  following  extract  from  Lieutenant 
Payne's  report  of  June  8th  seems  to  fix  the  blame  upon  the  maker  of 
the  pumps : 

From  the  Ist  to  the  6th  of  June  the  workmen  were  enga<^ed  in  readjusting  the  valve- 
gearing  of  the  engines  and  the  pumps.  The  Novelty  Works  sent  their  chief  draughts- 
man, Mr.  Kinzie,  to  attend  to  the  first,  and  the  maker  of  the  pumps  was  here  to  ascer- 
tain the  cause  of  their  inefficiency. 

By  the  4th  the  valve-gear  of  the  engines  was  arranged  and  worked  in  the  most  sat- 
i.Hfact«ry  manner,  but  the  pumps  could  not  bo  made  to  work ;  the  tubes  of  the  cou- 
densersand  the  jupes  leading  to  the  pumps  were  examined  to  see  if  there  was  a  stop- 
page anywhere ;  they  were  found  to  be  perfectly  clear ;  the  pumps  w^ere  then  run  at 
280  revolutions,  but  did  not  perform  any  better.  The  maker  of  the  pumps  not  being 
able  to  correct  the  difficulty,  a  set  of  1'2-inch  pumps  were  ordered  and  are  to  be  here 
by  the  10th.  It  seems  that  an  alteration  had  been  made  in  the  pattern  of  the  10-inch 
pump,  just  previous  to  the  making  of  those  sent  us,  and  it  is  supposed  that  the  altera- 
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tioii  rail  sod  their  inptTicicucy.  There  is  no  difficulty  with  the  pump  engines ;  they  work 
adniiialdy.  Both  scraiMTs  have  been  8tren<»;thened  hy  tension  rods,  as  1  informed  you 
on  thu  4th.     We  are  only  detained  from  goin*;  to  sea  by  the  pumps. 

On  the  10th  June  the  Essayons,  all  necessary  alterations  having  been 
effected,  her  final  trials  had,  and  having  been  duly  approved  by  the 
inspector,  saiknl  for  this  city. 

On  the  21st,  at  a  i)oint  MO  miles  southeast  of  Cape  Henry,  the  chief 
steam  engineer  reported  that  there  remained  machinery  oil  on  hand  for 
three  days  running  only  ;  and  one  of  the  eccentric  yokes  of  the  forward 
engines  having  been  slightly  bent  so  as  to  disable  these  engines,  the 
course  of  the  Essayons  was  changed  for  Cape  Henr}",  arriving  at  Fort 
Monroe  at  1.20  p.  ni.  on  the  24th.  CoUmel  Baylor,  of  the  ordnance 
department,  very  kindly  offered  the  use  of  the  ordnance  shop,  and 
repairs  were  at  once  proceeded  with.  The  vessel  sailed  for  this  i)ort 
from  Fort  Monroe  yesterday,  (June  30th,)  at  8.30  a.  in.,  and  will  proha- 
bly  arrive  on  the  ttth  instant,  when  she  will  be  set  to  work  as  soon  as 
practicable. 

Tlie  following  additional  information  relates  to  matters  specially 
referred  to  in  paragraphs  2  and  3  of  the  circular: 

The  following  anu)unt  can  be  profitably  expended  upon  the  work 
during  the  present  fiscal  year : 
For  providing  the  second  of  the  two  dredge-boats  authorized 

by  Congress,  joint  resolution  approved  March  29,  1807 $240, 000 

Working  expenses  and  repairs 100, 000 


;U0,  (KK) 


The  w  ork  is  located  in  the  collection  district,  and  near  the  port  of 
^ew  Orleans. 

For  the  Ifist  fiscal  year  the  amount  of  revenue  collected  at  the  i)ort  of 
New  Orleans  is  $4,403,450  23. 

For  the  amount  of  commerce  and  navigation  benefited  by  the  prose- 
cution of  this  work,  see  my  annual  reports  of  JS'ovember  14,  1800,  and 
September  12,  1807. 

STATEiVIENT  OF  CASH. 

Eeceived  during  the  fiscal  year  ending  June  30, 1808 $215, 000 

Expended  during  the  fiscal  year  ending  June  30, 1808 239, 000 

Amount  available,  June  30,  1808 33, 852 

Amount  re(piu-ed  for  year  ending  June  30,  1870 10<»,  000 


The  nature  of  the  work  is  such  as  not  to  admit  of  permanent  comple- 
tion. To  maintain  the  contemplated  channel  depth  of  20  fe4*t  in  one  of 
the  passes,  a  perpetual  annual  expenditure  of  $100,000  is  recpiiiml,  of 
which  $75,000  is  estimated  for  the  working  expenses  of  the  dredge- 
boats,  and  $25,000  for  repairs,  buoys,  &c. 

Very  respectfully,  your  obedient  servant, 

M.  1).  MoALESTER, 
Brevet  Brigadier  General ^  Major  of  Engineers, 

Brevet  Major  General  A.  A.  HirMPHREYS, 

Brigadier  General  and  Chief  of  Engineers ^ 

M'ashington,  J),  C. 
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I  1. 

Headquarters  Corps  of  Engineers, 

Washington ^  2>.  C,  March  3,  18G8. 

Sir:  I  herewith  return  the  copy  of  bill  H.  K.  No.  aO-t,  authorizing 
certain  persons  tlierein  named  "to  take  i)os.session  of  the  bar  known  as 
Pa8S{\  Loutre,  at  the  entrance  of  the  Mississijipijand  to  construct  a  canal 
without  any  expense  to  the  government,"  and  b(^g  leave  to  submit  the 
following  remarks  thereon : 

Under  the  appropriation  made  for  the  improvement  of  the  mouth  of 
the  Mississippi  river,  and  the  joint  resolution  authorizing  the  Secretary 
of  War  to  build  and  operate  two  dredge-boats  at  the  mouth  of  the  Mis- 
sissippi, a  steamer  is  now  buihling,  under  contract,  to  be  finished  ready 
for  sea  by  the  2()th  March,  and  delivered  in  the  Mississippi  river  on  the 
20th  April,  1808,  with  suitable  machiner^^  expressly  lulaptcd  to  the  deep- 
ening process.  The  ])lan  adoi)ted,  which  has  been  approved  here,  is  the 
result  of  a  very  careful  examination  by  Major  and  Brevet  Brigadier  (tcu- 
eral  McAlester,  corps  of  engineers,  of  all  i)laiis  and  means  proposed  for 
this  puriK)se  by  various, persons,  including  that  of  Messrs.  McClintock 
&  Scott,  the  grantees  in  the  present  bill.  The  steamer  is  of  such  char- 
acter that  any  additional  machinery  found  to  be  desirable  may  be  added. 
By  tlie  use  of  this  steamer  and  its  appliances  it  is  expected  to  obtain  a 
depth  of  20  feet  at  Pass  h  Loutre  in  from  30  to  40  working  days,  and 
eventually  to  obtain  a  dei)th  of  24  feet,  should  such  depth  be  desired. 

The  bar  increases  300  feet  in  length  on  the  seaward  side  every  year, 
and  whenever  the  normal  or  natural  depth  of  any  part  of  the  bar  is  in- 
creased 1)3*  machinery  or  other  extraneous  force,  the  river  begins  to  deposit 
there  and  continues  to  deposit  until  the  natural  dei)th  has  been  restored. 
For  these  reasons  the  work  of  deei)ening  must  be  continuous,  and  to 
l>ri)vide  against  injurious  delays  caused  by  accidents  to  machinery, 
and  the  necessity  of  docking  occasionally  for  overhauling  and  general 
repairs,  the  construction  of  a  second  steamer  is  essential  to  the  success 
of  tlie  i)lan.  The  second  steamer,  however,  i)rovides  an  excess  of  force 
for  one  channel,  and  by  the  addition  of  a  third  steamer  operations  can 
1h^  <*arried  on  in  the  two  chief  passes  at  the  same  time,  that  is,  in  Pass 
a  Ijoutre  and  in  the  Southwest  pass.  The  cost  of  these  three  steamers 
would  be  iff 750,000,  with  an  annual  expenditure  for  working  and  repairs 
and  maintaining  buoys  and  other  channel  marks  of  $50,000  each.  These 
steamers  would  continually  maintain  two  channels  at  a  depth  of  20feet, 
and  it  is  believed  that  a  greater  depth  can  be  secured  with  the  same 
expenditures,  that  is,  from  22  to  24  feet. 

On  the  other  hand,  the  grantees  of  the  bill  propose  to  open  one  chan- 
nel but  17  feet  deep. 

Ijet  us  test  the  economy  of  the  two  vSchemes  by  considering  each  sep- 
arately, and  under  the  supposition  that  a  choice  is  to  be  inade  between 
them. 

The  cost  of  General  McAlester's  project  for  one  channel  and  for  two 
channels  of  20  feet  depth  has  just  been  stated;  that  of  the  grantees  will 
ai^pear  from  the  following  estimate. 

During  the  last  fiscal  year  3,053  vessels,  (all  of  which  are  large,)  ^tith  a 
tonnage  of  2,200,401  tons,  cleared  from  the  port  of  New  Orleans.  (See 
last  annual  report  from  this  office,  printed  page  303.)  Allowing  only  one 
half  this  tonnage  to  use  the  channel  of  the  grantees,  we  have  (as  each 
vessel  cleared  passes  through  the  channel  twice)  2,200,000  tons  annually, 
upon  which  they  are  allowed  to  charge  50  cents  per  ton,  or  $1,145,000 


from  Fort  Monroe  yestercltiy,  (June  30th,)  iit  8.30  a.  in.,  and  wil 
bly  arri\'e  on  the  ttth  instant,  when  she  will  be  set  to  work  as 
imieticable. 

The  foHowing  additional  inforni«ation   relates  to   matters  i 
I  referred  to  in  paragraphs  2  and  3  of  the  circular : 

Tlie  followiuij:  amount  can  be  profitably  expended  upon  tl 
during  the  present  tiscal  year: 
For  i)roviding  the  second  of  the  two  dredge-boats  authorized 

by  Congress,  joint  resolution  approved  March  29,  1807 > 

Working  expenses  and  repairs 


I 


J 


The  work  is  located  in  the  collection  district,  and  near  tli( 
INew  Orleans. 

F'or  the  last  fiscal  year  the  amount  of  revenue  collected  at  th 
la^ew  Orleans  is  $4,403,4o0  23. 

F'or  the  amount  of  commerce  and  navigation  benefited  by  tl 
€ution  of  this  work,  see  my  annual  reports  of  November  14, 1 
September  12,  1807. 

STATEMENT  OF  CASH. 


Eeceived  during  the  fiscal  year  ending  June  30,  1868 
Expended  during  the  fiscal  year  ending  June  30, 1868. 

Amount  available,  June  30,  1868 

I  Amount  required  for  year  ending  June  30,  1870 


i 


The  imture  of  the  work  is  such  as  not  to  admit  of  permanent 
tion.  To  maintain  the  contemplated  channel  depth  of  20  feet  i 
the  i)asses,  a  perpetual  annual  expenditure  of  $100,000  is  req 
which  $75,000  is  estimated  for  the  working  expenses  of  the 
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Headquarters  Corps  of  Engineers, 

Washington,  2>.  C\,  March  3,  18G8. 

herewith  return  the  copy  of  bill  H.  R.  No.  594,  autlioriziug 
?rsons  therein  named  'Ho  take  posscvssion  of  the  bar  known  as 
itre,  at  the  entrance  of  the  Missis8ii)pi,  and  to  construct  a  canal 
ny  expense  to  the  government,''  and  beg  leave  to  submit  the 
remarks  thereon : 

the  appropriaticm  made  for  the  improvement  of  the  mouth  of 
sippi  river,  and  the  joint  resolution  authorizing  the  Secretary 
bnild  and  operate  two  dredge-boats  at  the  mouth  of  the  Mis- 
steamer  is  now  building,  under  contract,  to  be  finished  ready 
the  20th  March,  and  delivered  in  the  Mississippi  river  on  the 
,  1808,  with  suitable  machhiery  expressly  axhipted  to  the  deep- 
ess.  The  plan  adopted,  which  has  been  approved  here,  is  the 
very  careful  examination  by  Major  and  Brevet  Brigadier  Gen- 
ester,  coq>s  of  engineers,  of  all  plans  and  means  proposed  for 
•se  by  various, persons,  including  that  of  JMessrs.  McClintock 
le  grantees  in  the  present  bill.  The  steamer  is  of  such  char- 
any  additional  machinery  found  to  be  desirable  may  be  added. 
?  of  this  steamer  and  its  appliances  it  is  exi>ected  to  obtain  a 

0  feet  at  Pass  a  Loutre  in  from  30  to  40  working  days,  and 
to  obtain  a  dei)th  of  24  feet,  should  such  depth  be  desired. 
increases  300  feet  in  length  on  the  seaward  side  every  year, 

?ver  the  nonnal  or  natural  dei)th  of  any  part  of  the  bar  is  iu- 
machinerj'or  other  extraneous  force,  the  river  begins  to  deposit 
continues  to  deposit  until  the  natural  depth  has  been  restored, 
reasons  the  work  of  deepening  must  be  continuous,  and  to 
^inst  injurious  delays  caused  by  accidents  to  nmchiiiery, 
»cessity  of  docking  occasionally  for  overhauling  and  generjil 
e  construction  of  a  second  steamer  is  essential  to  the  success 
I.  The  second  steamer,  however,  provides  an  excess  of  force 
mnel,  and  by  the  addition  of  a  third  steamer  operations  can 
on  in  the  two  chief  pa.sses  at  the  same  time,  that  is,  in  Pass 
nd  in  the  Southwest  pass.  The  cost  of  these  three  steamers 
f 750,000,  with  an  annual  exi)enditure  for  working  and  re[)airs 
uning  buoys  and  other  channel  marks  of  $.">0,000  each.  These 
rould  continually  maintain  two  channels  at  a  depth  of  20  feet, 
)elieved  that  a  greater  de[>th  can  be  secured  with  the  same 
es,  that  is,  from  22  to  24  feet. 

•ther  hand,  the  grantees  of  the  bill  propose  to  open  one  chan- 
feet  deep. 

?8t  the  economy  of  the  two  schemes  by  considering  each  sep- 
d  under  the  supposition  that  a  choice  is  to  be  inade  between 

of  General  McAlester's  project  for  one  channel  and  for  two 
f  20  feet  depth  has  just  been  stated  5  that  of  the  grantees  will 
n  the  following  estimate, 
he  last  fiscal  year  3,953  vessels,  (all  of  which  are  large,)  with  a 

2,200,401  tons,  cleared  from  the  port  of  New  Orleans.     (See 

1  report  tiom  this  office,  j^rinted  page  303.)  Allowing  only  one 
onnage  to  use  the  channel  of  the  grantees,  we  have  (as  each 
red  passes  through  the  channel  twice)  2,290,(K)0  tons  annually, 
a  they  are  allowed  to  charge  50  cents  per  ton,  or  $1,145,000 
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for  the  annual  cost  of  one  channel  17  feet  deep.  Besides  the  present 
moment  does  not  appear  to  be  a  judicious  one  to  introduce  other  oi)era- 
tions  than  those  of  the  officers  of  the  United  States. 

The  appropriation  act  of  1856,  as  well  as  that  of  1866  and  that  of  1867, 
required  that  the  deepening  process  should  be  carried  on  by  contract. 
Now,  however,  by  the  joint  resolution  of  March,  1867,  the  Secretary  o 
War  is  authorized  to  build  and  operate  two  steamers  for  that  purpose. 
If  they  fail  to  open  a  channel  of  suitable  depth,  then  would  seem  to  be 
the  fitting  time  for  the  operations  of  Messrs.  McClintock  &  Scott. 

Pass  a  Loutre  was  selected  by  General  McAlester  for  the  commence- 
ment of  the  improvement  of  the  mouth  of  the  river  from  the  following 
couvsiderations: 

The  bar  at  the  Southwest  pass  has  a  mean  depth  of  17|  feet,  that  at 
Pass  a  Loutre  a  mean  depth  of  15J.  The  least  depth  on  the  bar  of  the 
Southwest  pass  is  13  jeet,  on  the  bar  of  Pass  il  Loutre  11  feet. 

The  velocity  of  the  cunent  and  the  extent  of  tough  clay  patches  are 
essentially  the  same  for  the  two  channels  at  the  bars,  while  the  extent 
of  Pass  a  Loutre  bar  from  20  feet  w  ater  outside  to  20  feet  water  inside 
is  materially  less  than  that  of  the  Southwest  pass  bar. 

The  a  Loutre  channel  is  less  obstructed  by  wrecks,  is  less  crooked, 
and  its  navigation  less  difficult  than  the  Southwest  pass  channels;  be- 
sides, as  the  pilot  stiitions  are  at  present  located  on  the  Southwest  pass, 
it  is  almost  exclusively  used  by  commerce,  and  operations  for  improv- 
ing the  pass  would  meet  with  very  material  obsti'uctions;  so  that  the 
absence  at  Pass  'k  Loutre  of  the  crowd  of  vessels  sometimes  obstructing 
the  Southwest  pass  constitutes  an  important  consideration  in  its  favor. 
Hence  i*ass  }\  Loutre  possesses  decided  advantages  over  the  other  pass 
for  commencing  the  imi)rovement. 

The  proposed  bill  excludes  the  officers  of  the  United  States  as  well  as 
all  other  persons  from  doing  any  work  upon  Pass  ^  Loutre  at  a  time 
when  it  is  believed  that  the  means  provided  by  the  government  will  in 
a  brief  working  period  deepen  that  pass  to  20  feet.  If,  however,  the 
parties  referred  to  in  the  proposed  bill  w^ll  undertake  to  open  a  canal 
or  channel  to  the  Gidf  for  vessels  drawing  17  feet  water  through  the 
South  pass  or  the  Southeast  pass,  instead  of  Pass  h  Loutre,  their  oi^erd- 
tions  will  not  interfere  with  those  going  on  under  the  engineer  depart- 
ment, and  that  class  of  objections  to  granting  the  privilege  they  ask  for 
will  be  obviated.  The  small  shoal  with  15  feet  water  in  the  South  pass, 
about  midway  of  its  length,  coidd  be  readily  removed,  and  the  same  may 
be  said  of  the  shoal  inside  the  bar  of  the  Southeast  pass.  The  bill  in  its 
present  shape,  however,  I  regard  as  one  that  would  emljarrass  the  opera- 
tions of  the  L^'nited  States. 

Whatever  disposition  may  be  made  of  the  proposed  bill,  I  beg  leave 
to  recommend  earnestly  that  the  appropriation  asked  for  the  next  fiscal 
year  for  the  improvement  of  the  mouth  of  the  Mississippi  may  be  granted. 

Should  the  authority  asked  for  by  Messrs.  McClintock  &  Scott  be 
granted  by  Congress,  I  would  suggest,  as  an  essential  modification  of  the 
bill  proposed,  that  nothing  in  the  bill  shall  be  so  construed  as  to  exclude 
the  officers  of  the  United  States  at  any  time  from  any  work  or  opera- 
tions deemed  necessary  by  them  for  deepening  any  or  all  the  channels 
over  the  bars  at  the  mouth  of  the  Mississippi,  and  that  the  channel  work 
of  the  grantees  shall  be  restricted  to  the  bar  at  the  mouth  of  the  pass 
that  may  be  named  in  the  bill  as  the  one  from  which  they  shall  cut  or 
excavate  a  channel  to  the  sea,  and  that  they  shall  not  be  allowed  to  cut 
or  open  a  channel  through  either  bank  of  the  pass.  This  restriction  as 
to  locality  is  necessary  to  prevent  a  mischievous  diversion  of  water  from 
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tlie  pavsses  whicli  might,  to  one  not  familiar  with  the  charaetor  of  the 
river,  ofter  an  apparently  easy  but  delusive  way  of  opening  a  new  chan- 
nel. 

I  transmit  herewith  copies  of  General  McAlester's  three  rei)oits  upon 
impro\ing  the  channels  at  the  mouth  of  the  Mississippi,  viz:  of  F('l)niary 
21, 1807,  September  12,  1867,  and  of  November  4,  18G7. 
Very  respectfully,  your  obedient  servant, 

A.  A.  HUMPHREYS, 
Brifjadier  General  of  EngineerSj  Commanding. 
Hon.  E.  M.  Stanton, 

Secretary  af  TFar. 


I  2. 

HEADQUARTERS  CORPS  OF  ENGINEERS, 

WaithitigtoHy  D.  6'.,  Maij  20,  18(38. 

Dear  Sir:  Some  exception  was  taken  yesterday  to  the  offtimat^ 
made  by  me  as  to  the  amount  of  tonnage  passing  through  the  mouth  of 
the  Mississippi  river,  upon  which  toll  would  be  collected  by  the  parties 
proposing  to  open  a  channel  there. 

The  foreign  trade  of  Kew  Orleans  has  been  very  much  less  since  the 
close  of  the  war  than  before,  but  we  must  expect  it  to  return  before  long 
to  its  former  magnitude,  and  the  coastwise  trade  to  increase. 

By  referring  to  the  report  of  the  Secretary  of  the  Treasury  upon  com- 
merce and  na\igation  for  the  fiscal  year  ending  June  30,  1851K  we  find 
that  there  cleared  from  New  Orleans  for  foreign  ports  duriu^r  that  year 
1,168  vessels,  with  a  tonnage  of  808,248  tons.  The  coastwise  trade  is 
not  stated  in  the  report,  nor  can  I  put  my  hand  upon  it  readily,  but  l>y 
referring  to  the  report  of  General  McAlester,  of  November  15,  ISOO,  ujion 
the  improvement  of  the  mouth  of  the  Mississippi,  (page  241,  ApjHMidix 
X  X  to  my  report  of  January  26, 1867,  upon  river  and  harbor  improve- 
ments,) we  find  that  1,561  American  coastwise  vessels  entered  the  port  6f 
New  Orleans  through  the  mouth  of  the  Mississippi  during  the  fiscal  year 
ending  June  30,  1866,  and  that  their  tonnage  was  892,459  tons.  The 
tonnage  from  foreign  ports  was  much  less  than  in  the  years  previous  to 
the  war.  Using  the  tonnage  from  foreign  ports  previous  to  the  war 
(1858-'59)  we  have  tonnage  from  foreign  ports  entenng  the  mouth  of  the 
Mississippi,  808,000;  coastwise  tonnage  entering  the  mouth  of  the  Mis- 
sissippi, 892,000;  total  tonnage,  1,700,000. 

The  entrances  and  clearances  being  about  equal,  we  have  a  total  of 
3,400,000  tons  passing  yearly  tlirough  the  mouth  of  the  Mississippi  river 
subject  to  tolls  under  the  proposed  bill,  for  all  the  vessels  are  large. 

Now  if  a  tonnage  duty  is  to  be  paid  by  this  commerce  to  provide  for 
the  maintenance  of  a  deep  channel,  why  should  it  not  be  paid  to  the 
United  States  rather  than  to  private  individuals? 
Verj^  respectfully,  your  obedient  servant, 

A.  A.  HUMPHREYS, 
Brigadier  General  of  Engineers^  Commanding. 

Hon.  Thomas  D.  Elliot, 

U.  S.  Houfte  of  Representatives  J  Washington  j  D.  C. 
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I  3. 

Headquarters  Corps  of  Engiis^eers, 

Washington^  D.  C,  Jannxtry  25,  1808. 

Sir  :  In  compliance  with  the  following  resolution  of  (he  Senate  of  the 
United  States  of  March  11,  18G7,  viz :  ^^RenoJved^  That  the  Secretary  of 
War  be,  and  he  is  hereby,  directed  to  detail  an  officer  of  the  engineer 
corps  of  the  army  for  the  purpose  of  surveying  Bayou  Manchac,  connect- 
ing with  the  Amite  river,  and  leading  into  Lake  Maurepas  and  Lake 
Pontchartrain,  and  report  the  cost  of  opening  said  streams  with  bayous 
to  first-class  steamboat  navigation,^  referred  to  these  headquarters  '*to 
detail  an  officer  and  for  report,"  I  beg  leave  to  transmit  herewith  a  copy 
of  the  report  of  Brevet  Brigadier  General  M.  D.  McAlester,  major  of 
engineers,  the  officer  charged  with  the  survej',  &:c. 

The  views  of  General  McAlester  are  concurred  in.    The  maps  referred 
to  in  the  repoii:  will  be  transmitted  as  soon  as  they  can  be  copied. 
Very  respectfullv,  your  obedient  servant, 

A.  A.  HUMPHREYS, 
Brigadier  General  of  Engineers^  Commanding, 

Hon.  E.  M.  Stanton, 

/Secretary  of  War. 


United  States  Enqineer  Office, 
Xeiv  Orleans  J  Louisiana^  December  30,  18G7. 

General  :  By  engineer  department  letter,  dated  Washington,  March 
12, 18f»7, 1  was  ordered,  in  addition  to  mj  other  duties,  as  soon  as  ])ractica- 
ble,  to  cause  a  survey  to  be  made  of  Bayou  Manchac,  connecting  with  the 
Amite  river,  and  leading  into  Lake  Maurepas,  and  Pass  Manchac,  con- 
necting Maurei)as  and  Lake  Pontchartrain,  and  to  submit  a  plan  and 
estimate  of  the  cost  of  opening  said  stream  and  bayous  to  first-class 
steam l:)oat  navigation ;  the  project  to  include  the  oi)ening  of  the  head  of 
Bayou  Manchac,  in  the  Mississippi  river,  and  connecting  the  na>igatiou 
of  that  river  with  the  streams  and  lakes  mentioned. 

In  x>ursuance  of  these  orders,  I  assigned  First  Lieutenant  I.  K.  Hez- 
lep,  corps  of  engineers,  to  the  duty  of  coiulucting  the  field-work  of  the 
examination  and  survey  about  the  20th  of  April  last,  (he  having  returned 
from  Fort  Morgan  on  the  completion  of  the  operations  under  his  super- 
intendence at  that  place,)  supplying  him  with  the  necessary  instructions, 
verbal  and  written,  for  the  purpose.  Copies  of  his  report  and  estimjites, 
and  tM?companying  maps,  with  x>rofiles,  sections,  &c.,  marked  A,  are 
herewith  submitted. 

The  completion  and  transmittal  of  this  report  has  been  delayed  by  the 
death  of  Lieutenant  Hezlep,  of  yellow  fever,  which  took  pla<^e  on  the 
13th  of  August  last,  and  before  the  estimate  could  be  fully  completed, 
(as  to  the  cost  of  the  locks,  flood-gates,  &c.,)  and  by  the  subsequent 
suspension  of  all  engineering  operations  under  my  charge  in  tliis  \icin- 
ity,  on  account  of  the  yellow  fever  epidemic. 

Lieutenant  Hezlep's  report  is  respectfully  referred  to  for  a  very  full 
description  of  the  features  and  peculiarities  of  the  channels  and  water- 
wa^'s  surveyed,  their  tributaries  or  branches,  the  country  adjacent,  and 
the  soil  to  be  dealt  with.  In  connection  with  the  difficulties  and  cost 
of  establishing  and  maintaining  the  proposed  continuous  channel  for 
navigation  between  the  Mississippi  river  and  Lake  Pontchartrain,  the 
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following  considenitions,  resulting  from  the  floods  to  which  the  ]\Iissis- 
sippi  is  annually  subject,  should  also  be  borne  in  mind,  viz : 

1.  The  liability  to  extensive  deposits  in  and  in  front  of  the  river 
entrance  of  the  proposed  Bayou  Manchac  canal,  incidental  to  a  shifting 
of  the  river  bed  towards  tiie  A\^st  bank,  necessitating  proportional 
excavations  as  the  floods  gi^aduallj*  subside. 

2.  Incidental  to  the  liability  of  the  river  to  shift  its  bed  towards  its 
easterly  bank,  the  tendency  of  the  waters  to  cut  away  the  river  bank 
where  the  junction  is  made,  undermining  the  flood-gates  and  locks,  and 
converting  the  canal  into  a  crevasse,  flooding  and  damaging  not  only  the 
Ciinal  and  the  proposed  channel-way  to  Lake  Maurepas,  but  the  neigh- 
boring country  and  plantations. 

3.  The  liabiiity  to  creva^sses  in  the  Mississippi  levees  above  and  below 
the  Bayou  Manchac,  causing  the  flooding  of  tiie  proposed  channel  and 
canal,  and  of  all  the  swamps  and  bottoms  between  the  reverse  slope  of 
the  river  and  Lake  Maurei)as. 

The  gi-eat  crevasse  of  18G2,  which  occurred  in  the  vicinity  of  Bayou 
jVIauchac,  and  between  it  and  Baton  Rouge,  caused  the  water  to  rise  in 
these  swamps  and  bottoms  to  a  line  two  and  one-half  miles  from  the 
river,  and  to  a  level  22  feet  above  the  normal  level  of  the  water  surface 
in  the  proposed  channel  and  canal.  (See  map  A  for  high-water  line  and 
mark  of  the  crevasse.) 

The  second  and  third  dangers  are  liable  to  be  realized  during  the  pro- 
cess of  excavations  and  construc'tions  connected  with  the  proi)osed 
Bayou  Manchac  canal  navigation,  to  the  injury  of  important  parts  of 
the  work,  and  perhaps  the  total  destruction  of  others.  The  power  of 
Mississippi  fl(X)ds  is  too  great  to  admit  of  control  to  the  extent  of  obviat- 
ing the  first  and  second  liabilities.  The  danger  resulting  froiu  the  third 
might  be  guarded  against  by  means  of  levees  on  both  sides  of  the  pro- 
posed channel-w^ay,  extending  from  near  Lake  Maurei)as  to  the  vicinity 
of  the  Mississippi  levee.  These  are  not,  however,  included  in  the  ])ro- 
jeet  and  estimates.  The  expense  entailed  by  any  flooding  of  the  exc^ava- 
tions  and  constructions  in  the  proposed  canal  during  their  i)rogress, 
though  they  might  be  very  great,  are  of  so  indefinite  a  character  as  not 
to  admit  of  estimates. 

The  dimensicms  of  the  largest  first-class  steamboats  now  employed  on 
the  Mississippi  are  as  follows:  Great  Republic,  330  feet  long,  1)5  feet 
beam,  six  to  seven  feet  draught,  loaded;  Richmond,  340  feet  long,  SG 
feet  beam,  six  to  seven  feet  draught,  loaded ;  but  as  boats  of  the  i)ecu- 
liar  construction  adapted  for  river  navigation  cannot  be  trusted  on  Lake 
Pontchar train,  much  less  on  the  Mississippi  sound,  I  have  taken  the 
steamboats  of  the  ''Morgan  line,"  plying  between  this  city  and  Mobile 
through  Lake  Pontchartrain,  Mississippi  sound,  and  Mobile  bay,  as  spe- 
cimens of  "first-class  steamboats,"  such  as  are  alluded  to  in  the  order 
directing  the  survey,  these  being  in  every  sense  first-class  steamboats, 
vrith  side  wjieels,  and  so  constructed  as  to  navigate  the  Mississippi  river, 
as  well  as  the  other  waters  named,  with  safety  and  efticiency.  The 
largest  of  these  is  the  ''Mary,"  235  feet  long,  GO  feet  beam  over  all, 
(including  the  guards  necessary  for  side  wheels,)  and  six  feet  six  inches 
draught  for  ordinary  loads.  Vessels  drawing  more  than  six  feet  six 
inches  find  difficulty  in  navigating  the  lakes  and  portions  of  the  sound. 

On  this  ba^is  I  have  assumed  the  locks  to  have  in  the  clear  250  feet 
length,  05  feet  width,  and  the  channel- way  between  the  locks  and  Lake 
Pontchartrain  to  have  a  width  at  the  bottom  of  45  yards,  the  depth  ot 
water  jit  extreme  low  water  being  seven  feet,  which  width  will  permit 
boats  to  pass  each  other  readily  at  low  speed.    The  arrangement  ot" 
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gates  for  locks  so  wide,  sufficiently  strong,  and  admitting  at  the  same 
time  of  easy  and  rapid  manipulation,  will  present  considerable  difficult), 
but  possibly  the  difficulty  may  be  overcome  by  adopting  gates  of  heavy 
construction  and  of  great  strength,  moved  by  auxiliary  machinen; 
otherwise  the  boats  might  be  reduced  in  \^idth  to  30  feet  or  35  feet  by 
substituting  screw  propellers  or  stern  wheels  for  side  wheels;  but  witti 
such  modifications  they  could  not  be  classed  as  '^  first-class  steamboats" 

PROJECT. 

Proposed  channel  from  Lake  Fontehartrain  to  Bayou  Crocodile. — Tli^ 
reverse  sloi)e  of  the  bank  of  the  Mississippi  river  at  the  locality  of  Bayoi 
Manchac  terminates  at  Bayou  Crocodile,  and  the  surface  of  the  ground 
bordering  the  proposed  channel  from  Lake  Pontchaitrain  to  the  latter 
bayou  is  essentially  level,  admitting  water  throughout  its  extent,  corre- 
sponding in  level  (during  the  absence  of  floods)  with  tide- water  in  the 
lakes.  It  is  therefore  luoposed  to  make  the  excavations  in  this  portion 
of  the  channel  necessary  to  give  it  a  depth,  at  lowest  water,  of  at  least 
seven  feet,  and  a  width  of  at  least  45  yards,  by  means  of  floating  dred^^- 
ing  machines,  similar  to  those  used  for  excavating  the  numerous  canals 
through  the  swamps  intervening  between  the  settled  portions  of  the  city 
of  New  Orleans  and  Lake  Pontchartrain.  Excavations  will  be  neces- 
sary at  the  following  named  localities  only :  the  bar  at  the  Pontchartrain 
end  of  Pass  Manchac,  the  bar  at  the  Maurepas  end  of  Pass  Manchac, 
the  bar  at  the  mouth  of  Amite  river,  cut-ott's  and  ^idenings  of  Amite 
river  at  83  difterent  points  between  its  mouth  and  New  river;  the  chan- 
nel of  Amite  river,  known  as  New  river,  (see  map,  where  this  channel  is 
also  marked  as  the  locality  of  ^'Set.  No.  2"  of  Lieutenant  Hezleirs  cross- 
sections,)  and  Bayou  Manchac  from  its  junction  with  Amite  river  to 
Bayou  Crocodile,  amounting  to  2,518,897  cubic  yards,  as  estimated  by 
Lieutenant  Hezlep.     (See  his  report.) 

Bayou  Crocodile  to  Mississippi  river, — That  part  of  the  ])roposed  chan- 
nel line  comprised  between  Bayou  Crocodile  and  the  Mississippi  river 
is  marked  by  so  much  of  old  Bayou  Manchac  as  lies  upon  the  i*everse 
slope  of  the  Mississipi)i  river  bank.  At  low  water  on  the  bayou  (during 
absence  of  floods  in  the  Amite)  depths  of  water  varying  between  0 
and  three  feet  six  inches  are  found  above  the  mouth  of  Bayou  Crocodile, 
to  a  point  1,050  yards  from  it.  Above  this  point  the  bayou  is  dry, 
excei)t  during  seasons  of  floods  in  the  Amite,  (when  the  water  backs  up 
the  bayou  a  mile  or  two  further,)  and  crevasses  in  the  Mississippi  levees 
occurring  in  the  vicinity.  (During  the  crevasse  of  LSG2  it  containeil  three 
feet  depth  of  water  at  its  head  just  outside  the  levee.)  The  bayou  is  closed 
(and  has  been,  according  to  the  reports,  since  the  time  of  General  Jack- 
son) by  a  dam  in  continuation  of  the  levee.  The  bottom  of  the  bayou 
at  its  head  is  13  feet  6  inches  above  low- water  mark  in  the  Mississippi, 
nnd  floods  in  the  latter  exceeding  that  height  would  send  water  thioagh 
the  former  channel-way  in  the  absence  of  the  dam  now  closing  it. 

It  is  evident,  therefore,  that  the  conditions  of  the  case  are  such  (see, 
iilso.  Lieutenant  Hezlep's  report)  that  the  section  of  the  proposed  chan- 
nel liere  in  question  must  be  in  all  respects  a  canal.  And  as  there  are 
no  intermediate  sources  at  higher  levels  whence  water  can  be  had  for  its 
service,  the  canal  must  have  a  single  level,  supplied  at  one  end,  corre- 
sponding to  extreme  low  water,  to  serve  for  navigation  at  such  stages  of 
water.  Furthermore,  although  lowest  water  level  in  the  Mississippi 
river — as  adopted  in  this  report  from  observations  hitherto — is  two  feet 
and  tluee-quarters  of  an  inch  higher  than  extreme  low  water  in  the  pro- 
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1  channel-way^  comprised  between  Bayou  Crocodile  and  Lake  Pont- 
:rain,  (corresponding  to  low  tide  in  the  latter,)  the  ditt'erence  between 
5vels  is  liable  at  some  time  in  the  future  to  diminish.  At  all  events, 
[)w-water  level  in  the  river  is  variable,  while  that  of  tide-water  is 
Ltially  constant.  It  will  be  judicious,  therefore,  to  pla^^  the  canal 
at  tlie  level  of  low  tide-water,  as  shown  at  Bayou  Crocodile,  estab- 
ig  the  canal  bed  at  a  level  (continuous  between  this  point  and  the 
)  seven  feet  below  the  tide-level  named.  It  should  be  noted  that 
)rdinary  tide  oscillations  felt  in  the  lakes,  averaging  about  four- 
is  of  a  foot,  ^see  Humphrey's  and  Abbot's  report,  page  106,)  are  not 
^I)tible  at  this  point,  being  overcome  by  the  wind  and  the  long  tor- 
5  channel  inten^ening.  Communicating  directly  with  this  level,  a 
is  proposed  to  be  jjlaced  in  the  main  channel  near  the  river.  As 
iver  attains  higher  levels  under  the  influence  of  floods,  other  locks 
sjKjnding  to  these  levels  must  be  brought  into  requisition.  These 
ional  locks  it  is  proposed  to  place  in  auxiliary  side  canals  commu- 
ing  with  the  main  canal  at  a  point  between  the  lowest  lock  of  the 
t  (the  one  first  named)  and  the  river.  The  total  excavation  for  these 
Is,  main  and  auxiliary,  is  estimated  at  6,840,732  cubic  yards. 
cJc», — The  maximum  oscillations  of  the  Mississippi  at  Baton  Rouge 
DonaldsonviUe  are  respectively  found  by  adding  0.5  foot  (see  table, 
170,  Humi)hrey's  and  Abbot's  report)  to  34.3  feet,  and  27  ieei^  (see 
,  page  109,  Humphrey's  and  Abbott's  report,)  and  amount  to  34.8 
!7.5  feet  respectively.  Interpolating  on  the  supposition  that  the  sur- 
planes  of  the  river  have  a  uniform  slope  between  these  two  points, 
naximum  oscillation  at  the  head  of  Bayou  Manchac  is  found  to  be 
feet.  CoiTCCting  this  result  by  information  obtained  from  intelli- 
I)erson8  residing  in  the  immediate  vicinity,  I  have  assumed,  for  the 
OSes  of  this  report,  32  feet  as  the  amount  of  the  oscillation  at  the 
r  point.  Adding  two  feet  for  ditterence  of  level  between  low  water 
e  river  and  the  canal,  there  results  34  feet  for  the  total  lift  between 
vatcr  in  the  canal  and  high  water  in  the  river.  This  lift  it  is  i)ro- 
1  to  overcome  by  four  locks  of  nine  feet  lift  each,  thus  allowing  a 
in  of  two  feet  for  floods  higher  than  hitherto  recorded.  The  lowest 
or  lock  No.  1,  is  to  be  placed  in  the  main  canal  as  above  stated.  In 
'  that  the  navigation  may  remain  uninterrupted  during  all  stages 
e  river,  the  other  three  locks  are  to  be  placed  in  three  branching 
canals,  as  illustrated  by  Fig.  3,  (see  map.)  Lock  No.  1  would  alone 
;ed  for  all  stages  of  the  river  not  more  than  nine  feet  above  tide- 
r.  The  river  rising  more  than  nine  feet  above  tide-water,  flood-gate 
(see  Fig.  3)  is  to  be  introduced,  and  lock  No.  2  brought  into  use  in 
ection  with  lock  No.  1.  When  the  flood  reaches  a  height  of  18  feet 
more,  (referred  to  tide- water,)  flood-gate  No.  2  is  to  be  placed  in 
ion,  and  loc*k  No.  3  used  in  connection  with  locks  Nos.  1  and  2.  For 
its  exceeding  27  feet,  flood-gate  No.  3  is  to  be  used,  and  all  four  of 
jcks.  Fig.  3  fully  illustrates  the  plan  proposed,  and  the  use  of  the 
1  and  flood-gates  for  all  stages  of  water.  The  still  water  backing 
the  bayou  and  cfinal  from  floods  in  the  Amite  will  not  interfere 
the  working  of  the  lock  and  flood-gate  system, 
e  interior  horizontal  dimensions  of  the  locks  will  be,  as  before 
d,  as  follows:  250  feet  long,  65  feet  wide;  their  interior  depth  will 
»  feet;  their  upper  and  lower  gates  will  be  18  feet  high.  It  is  pro- 
1  for  obvious  reasons  to  construct  the  locks  of  timber,  founding 
upon  areas  of  piles  driven  about  six  feet  apart,  measured  in  lines 
lei  and  ijerjiendicular  to  the  axis  of  the  locks, 
is  proposed  to  construct  the  locks  essentially  like  the  "  Vallette 
ng  dock, "  (a  description  of  which,  by  Lieutenant  D.  W.  Payne, 
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corps  of  engineers,  is  api)ended,)  since  the  strains  to  be  resisted  are 
essentially  the  same  in  the  two  cases.  The  principal  modifier tious 
would  consist  in  dispensing:;:  with  the  sides,  ends,  and  backheads  api)er- 
taining  to  the  dock's  hold,  bringing"  the  bottom  of  the  hold  ux)  in  con- 
tact with  the  deck  of  the  dock,  increasing  the  strength  of  all  the 
stanchions  enii)loyed  in  the  sides,  and  introducing  diagonal  braces. 

It  is  estimated  that  each  lock  foundation  (including  the  usual  acces- 
sories) will  require  13,000  piles,  each  from  20  to  35  feet  in  length;  and 
that  the  superstructure  (including  the  capping  of  the  i)iles)  will  require 
3,975,200  feet  of  timber,  board  measure. 

Fl4)0(i-gateH. — Owing  to  the  loose  and  treacherous  chaKM*ter  of  tbe 
soil  and  substrata  to  be  dealt  with,  the  establishment  of  flood-gates 
of  adequate  strength  and  stability  w  ill  be  an  engineering  problem  of 
the  gi'CHtcst  difficulty.  Three  flood-gates  at  least  will  be  required,  each 
65  feet  wide.  Flood-gate  No.  1  is  to  be  45  feet  high,  (reaching  four 
feet  above  high  water,)  and  must  be  able  to  sustain  a  head  of  water 
of  25  feet,  (deducting  nine  ii^H^  the  lift  of  lock  No.  1,  from  34  feet,  the 
total  maximum  lift. )  Gate  No.  2  must  have  a  height  of  34  feet,  and 
sustain  a  head  of  water  of  16  feet.  Flood-gate  No.  3  will  be  25  feet 
high,  and  must  resist  a  head  of  seven  feet. 

Wllate^  er  the  character  of  gates  adopted,  the  abutments  and  founda- 
tions supi)()rting  them  should  be  of  the  most  substantial  character ;  and 
as  the  treacherous  nature  of  the  substrata  renders  the  use  of  heavy 
masonry  hazardous  and  enormously  costly,  it -is  proposed  to  euq>loy 
timber  alone  (swamp  cypress)  for  this  purpose,  with  piles  for  foundations. 

It  is  proposed  to  form  flood-gate  No.  3,  and  the  lower  section  of  each 
of  the  others,  by  means  of  a  caisson,  similar  and  similarly  manipulateil 
to  the  one  used  for  closing  the  entrance  of  the  Brooklyn  navy  yard  diy 
dock,  the  vertical  sections  of  which  are  rectangular,  and  the  horizontal 
ones  two  equal  curves  joining  at  their  ends  with  their  convexities  out- 
wards ;  the  caisson  to  be  25  feet  high,  so  that  when  sunk  into  position 
the  top  shall  be  seven  feet  higher  tlmn  the  top  of  the  coiTesponding 
lock.  The  remaining  18  or  20  feet  of  gate  No.  1,  and  9  or  11  feet  of 
gate  No.  2,  it  is  proposed  to  form  by  means  of  several  open-built  beams, 
having  an  outline  con^esponding  to  the  horizontal  section  of  tlie  cais- 
sons superposed  flatwise  on  the  latter  and  on  one  another — the  caissons 
to  be  floated  and  sunk  into  position,  where  they  will  rest  on  the  foun- 
diition  at  the  bottom  of  the  canal  and  against  the  abutments.  The 
betinis  to  be  superposed  as  the  river  rises  by  means  of  derricks  or  cranes 
established  on  top  of  the  abutments,  and  placed  also  with  their  ends 
resting  against  the  abutments,  where  the  pressure  of  the  water  will 
retain  them,  their  flotation  being  neutralized  by  adequate  weights 
lilaced  on  the  uppermost  one.  The  average  number  of  piles  estimated 
for  the  flood-gates  is  300  each. 

Estimate, 

SURVEY. 

For  finally  locating  and  laying  out  the  entire  work $10, 000  00 

CLEARING  GROUNDS  READY  FOR  WORK. 

For  felling  trees  on  space  occupied  by  the  channel,  and  on 
space  20  yards  wide,  on  either  side,  900  acres,  at  $5 
per  acre 4, 500  00 

Clearing  drift-wood  out  of  Bayou  Manchac,  8  miles,  at 

$200  per  mile 1, 600  00 
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EXCAVATIONS. 

Bars  in  Lake  PontcbartraiD  and  Maurepas,  Amite  river, 
and  Bayou  Manchac,  between  Lake  Maurepas  and 
Bavou  Crocodile,  2,518,897  cubic  vards,  at  25  cents  per 
yard ^ $620,  724  25 

Canal  and  side  canals  between  Bayou  Crocodile  and 
Mississippi  river,  6,840,732  cubic  yards,  at  30  cents  per 
yard \  / 2, 052, 219  60 


LOCKS. 

For  each  lock  13,000  x>iles  purcliased,  prepared,  driven, 
and  trimmed  ready  for  the  reception  of  the  timber  of 
the  sujierstmcture,  are  estimated  to  cost  f  7  each, 
amounting  to 91, 000  00 

For  the  superstnicture,  (including  capping  of  piles  and 
g'ates,)  3,975,200  feet,  board  measure,  of  timber,  pur- 
chased,  delivered,    framed,   and  built  into  the  lock, 
(including  all  carpenter  and  joiner  work,)  is  estinmted 
to  cost  4  cents  per  foot,  amounting  to 159, 008  00 

4  locks,  at  $250,008  each 1, 000, 032  00 

FLOOD-GATES. 

For  3  flood-gates,  900  piles,  driven  and  completed,  at  $7 
each,  (#6,300;)  21,600  feet^  board  measure,  of  sheet  pil- 
ing, (plank  12  feet  long  and  4  inches  thick, )  at  4  cents 
per  foot,  ($864;)  3  caissons  containing  175,500  feet, 
board  measure,  of  timber,  carpenter,  joiner,  calker, 
iron,  and  painter's  work,  included,  at  4J  cents  per  foot, 
($7,897  50;)  grillage  complete,  260,000  feet,  board 
measure,  of  timber,  at  4  cents  per  foot,  ( $10,400 ; )  6 
abutments  complete — 2  of  them  45  feet  high,  2  of  them 
36  feet  high,  and  2  of  them  27  feet  lugh — total  height 
of  216  feet,  containing  1,101,600  feet,  board  measure, 
(facing,  backing,  and  ties,)  at  4  cents  per  foot  (844,064,) 
and  open-built  beams  complete,  forming  the  portions 
of  floodgates  Nos.  1  and  2,  superposed  on  the  caissons 
for  the  total  height  of  31  feet,  63,180  feet,  board 
measure,  at  4J  cents  per  foot,  (82,843 ; )  aggregate  cost 
ready  for  use 72, 368  60 

AUXILIARY  MACHINERY. 

Machinery  for  manipulating  and  handling  lock-gates 
and  flood-gates,  estimated 30, 000  00 

Grand  aggregate 3, 800, 444  45. 


The  above  estimates  are  very  close,  and  are  more  likely  to  prove  too 
small  than  too  great,  especially  those  relating  to  the  excavations.  The 
very  lowest  rates  at  which  ordinary  levee  embankments  can  now  be  made 
in  this  \icinity  is  33  cents  per  yard,  although  the  embankments  and 
corresponding  excavations  whence  tlie  earth  is  taken  are  in  very  near 
proximity,  and  the  soil  to  be  dealt  with  quite  dry.  31uch  of  the  proposed 
canal  exciivation  will  require  the  earth  to  be  elevated  through  considera- 


( 


492  REPORT  OF  THE  SECRETARY  OF  WAR. 

ble  heights,  and  transported  over  considerable  distance;  and  much  difiS- 
culty  will  arise  from  the  presence  of  water  in  the  lower  portions  of  the 
excavation. 

Of  all  the  channel  ways  forming  connection  or  partial  connection 
between  the  Mississippi  river  and  the  lakes  and  sound,  the  one  i>roposed 
is  lea^t  favorable,  in  all  respects,  for  extension  and  improvement  as  pro- 
I)osed.  On  account  of  the  greater  oscillations  of  the  Mississippi  river, 
and  the  greater  w  idth  of  the  reverse  slope  of  the  river  bank  at  the  point 
of  junction,  and  the  greater  length  to  be  improved,  the  cost,  both  of  its 
improvement  and  i)reser\^ation,  will  be  vastly  greater  than  many  other 
and  much  i)referable  lines  that  are  available ;  and  the  liability  to  acci- 
dents loading  to  interruptions  of  navigation,  and  even  the  destruction  of 
the  work,  far  more  imminent.  The  channel  proposed,  when  completed 
ready  for  navigation,  will  be  less  useful  and  convenient  than  many  others 
that  might  be  selected,  since  it  will  present  about  75  miles  of  intricate 
navigation  between  the  river  and  Lake  Pontchartrain,  which  cannot  be 
accomplished  at  a  speed  exceeding  five  miles  per  hour,  the  whole  time 
requiied  for  the  passage,  including  locking,  being  about  16  hours. 

A  canal  connecting  the  lake  diiectly  with  the  river,  at  almost  any  point 
between  Bonnet  Carrd  bend  and  the  city  of  New  Orleans,  would,  in  all 
respects,  be  preferable.  (See  map  marked  B.)  At  several  such  points 
the  canal  would  not  exceed  six  miles  in  length,  and  for  more  than  half 
this  length  the  depth  of  the  excavation  would  not  exceed  nine  fe^t. 

Were  it  a  question  of  merely  connecting  the  river  with  Mississippi 
sound,  and  its  branches  and  inlets,  a  canal  connecting  the  river  witli 
Lake  Borgne,  between  the  Chalmette  line  of  foi*tifications  and  English 
Turn,  (see  map  B,)  would  be  still  more  advantageous  and  feasible  in  all 
respects.  There  are  at  lea^t  two  bayous  heading  within  three  miles  of 
the  river,  and  affording  7  to  16  feet  of  water  thence  to  Lake  Borgne, 
which  latter  affords  8  to  10  feet  of  water  from  the  bars  at  the  bayou 
mouths  to  the  sound. 

As  an  example  of  these  several  preferable  connections,  I  caused  to  be 
made  a  survey  of  the  line  connecting  the  river,  at  a  point  about  midway 
between  Carrollton  and  Camp  Parapet,  with  ''the  new  canal,"  at  a  point 
near  Metairie  ridge,  (Bayou  Metairie,  see  map  marked  C,)  with  estimates 
of  the  cost  of  comi)leting  the  entire  connection  between  the  river  and  the 
lake,  according  to  the  requirements  specified,  viz:  width,  45  yards; 
depth  of  water,  seven  feet,  and  suitable  locks  and  floodgates. 

The  ditt'erence  of  level  between  high  water  in  the  river  find  low  tide 
in  the  lake  is  about  17  feet,  (see  Humphreys's  and  Abbot's  Keport,  pp. 
109,  113,  and  170,)  and  but  two  locks  and  one  flood-gate  will,  thereifore, 
be  rcipiired. 

Estimate, 

SURVEY. 

« 

Laying  out  and  marking  the  work $3,000  00 

CLEARING  GROUND. 

Clearing  trees  from  30  acres  of  ground,  at  $5  per  acre 150  00 

EXCAVATION. 

1,030,314  cubic  yards  of  excavation,  at  25  cents  per  yard. . .    257,586  00 
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LOCKS. 

Two  locks  complete,  at  $250,008  each 8500,016  00 

FLOOD-GATES. 

For  one  flood-gate  complete,  including  foundation,  abut- 
ments, and  the  caisson 19,187  16 

AUXILIARY  MACHINERY. 

Machinery  for  manipidating  locks,  gates,  and  flood-gates, 

estimated •. 6,000  00 

Total 785,930  16 


The  '^new  canaP  is  at  present  about  60  feet  wide,  and  has  six  feet  of 
water,  and  terminates  at  the  "new  basin,"  a  little  less  than  one  mile  from 
the  river.  It  is  owned  by  the  State  of  Louisiana,  (having  lately  reverted 
to  it,)  and  is  leased  to  private  parties  for  a  term  of  years,  one  of  the 
terms  of  the  lease  reqiuring  that  the  lessees  widen  jind  deepen  the  canal. 
{Some  progress  has  been  made  in  widening  it  to  100  feet,  and  deepening 
it  to  about  nine  feet.  To  remove  the  cypress  stumps  requires  the  exca- 
vation to  be  nine  feet  deep  in  the  first  instance.  After  the  removal  of 
these,  which  is  usually  done  with  Osgood's  excavator,  there  is  no  difficulty 
in  obtaining,  say,  16  feet  depth  with  the  same  machine.  All  similar 
excavations  in  the  swamps  bordering  the  lakes,  and  the  low  ground  bor- 
dering the  river,  are  made  by  this  machine. 

It  is  set  uj)  on  a  scow  which  floats  in  the  water,  with  which  the  exca- 
vations fill  as  fast  as  they  are  made^ 

Supposing  the  proposed  connection  to  be  made  at  any  i)oint  below 
Bonnet  Carr^  bend,  the  locks  and  flood-gates  could  be  entirely  dispensed 
with  by  terminating  the  canal  at  a  point,  say,  45  yards  from  the  crest  of 
the  levee  or  river  bank,  and  providing  facilities,  say,  cranes  or  platforms 
on  wheels,  worked  by  steam,  for  trausfemng  freights  rapidly  between 
boats  in  the  two  waters.  By  this  arrangement  any  boats  or  vessels  now 
on  the  river  and  the  shallow  tide-water  of  the  lakes  and  sound,  or  wiiich 
may  be  hereafter  introduced,  could  be  brought  to  the  point  of  transfer 
and  exchange  cargoes. 

The  great  cost  and  risk  attending  any  device  for  connecting  the  waters 
of  the  Mississippi  river  continuously  with  those  of  the  lakes  would  also, 
by  this  arrangement,  be  avoided. 

Very  respectfiUly,  your  obedient  servant, 

M.  D.  McALESTER, 
Brevet  Brigadier  Oeneralj  Major  of  Engineers. 

Brevet  Major  General  A.  A.  Humphreys, 

Brigadier  General  and  Chief  of  Engineers^  Washington^  D.  C. 


New  Orleans,  Louisiana^  July  31, 1867. 

Sir  :  In  compliance  with  your  letters  of  instructions  dated  New  Or- 
leans, Louisiana,  April  22  and  29  and  May  8,  I  have  the  honor  to  report 
that  I  proceeded  with  a  surveying  party  to  Bayou  Manchac  on  the  24th 
day  of  April,  and  made  an  examination  and  suney  of  that  bayou,  the 
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Amite  river,  and  of  the  bars  at  the  nioutli  of  the  Amite  river,  and  at 
the  east  and  west  ends  of  Pass  Manchac. 

The  object  of  the  survey  heiu^  to  ascertain  as  near  as  practicable  the 
amount  of  excavation  necessary  in  order  to  render  the  streams  men- 
tioned nangable  for  steamers  of  the  tirst  chiss,  (those  of  the  Morgan 
line  between  this  city  and  Molule  being'  taken  as  a  standard,)  it  was 
assumed  that  the  channel  should  be  at  least  45  yards  wide  at  the  bottom, 
with  a  depth  of  seven  feet,  the  banks  having  a  slope  of  one  on  one, 
and  the  calculations  which  follow  are  based  upon  this  assumi)tion. 

Cross-sections  of  the  bayou  were  taken  every  tifty  yards j  the  "0"  of 
vertical  measurement  being  taken  at  low  water  at  the  section,  unless 
the  channel  is  dry  at  low  water;  horizontal  measurements  in  yards, 
vertical  in  feet. 

Tlie  sections  were  arranged  in  five  sets,  each  set  of  sections  beinjj 
continuous.  Set  No.  1  extending  from  the  Mississippi  river  to  the  Amite 
river ;  set  No.  2  covering  that  portion  of  the  Amite  known  as  New  river; 
set  No.  3  the  bar  at  the  moutli  of  the  Amite  river ;  sets  Nos.  4  and  o  the 
bars  at  the  west  and  east  ends  of  Pass  ^lanchac,  respectivelj .  The  sets 
and  sections  were  luimbered  from  the  Mississippi  eastwardly. 

The  work  i)rogressed  favorably  and  was  finished  on  the  20th  of  May, 
1807.  The  water  being  high  and  the  cunent  rapid  in  the  Amite  river, 
in  conserpience  of  the  spring  flood,  some  of  the  measurements  given 
relating  to  that  river  are  necessarily  inaccurate,  but  the  errors  are  small 
and  it  is  thought  compensating. 

The  bayou  for  a  distance  of  eight  miles  from  the  Mississippi  river  (to 
Bayou  Crocodile)  is  filled  with  logs,  growing  trees,  and  undergrowth, 
and  is  dry  at  low  water  to  within  a  mile  of  this  point.  To  the  CrcKM)dile 
it  has  an  average  width  of  about  20  yards;  fiom  this  point  to  Wanl's 
creek  it  has  an  average  width  of  30  yards,  but  it  is  obstructed  by  faliiug 
and  leaning  trees,  logs,  &c.  From  Ward's  creek  to  the  Amite  it  has 
been  cleaned  out  and  is  navigated  by  [i  small  steamer,  there  being  a 
dei>tli  of  seven  feet  nearly  all  the  way  up  at  low  water. 

At  low  water  tlie  current  in  the  Manchac  is  dependent  entirely  upon 
the  winds,  high  easterly  winds  backing  the  water  up  the  Amite  causing 
it  to  flow  up  the  Manchac. 

Tlie  Manchac  has  three  tributaries,  which  carry  into  it  the  drainage 
of  a  large  portion  of  the  country  extending  from  Baton  Rouge  above 
down  to  New  river  landing  below.  Of  tliese  the  Crocodile  is  the  most 
important,  being  the  outlet  of  Spanish  lake  which  receives  all  the  drain- 
age from  Bayous  Brand  and  Paul.  It  is  at  high  water  about  25  yards 
wide  at  the  water  surface;  at  low  water  it  is  dry  for  i)art  of  its  length. 
The  next  inlet  below  is  Bayou  Fountain,  which  drains  a  large  portion  of 
the  high  land  and  of  tlie  land  between  Baton  liouge  and  the  head  of 
the  Manchac.  Along  the  river  Ward's  creek  is  the  least  stream  of  any 
importance  which  flows  into  the  Manchac,  and  it  at  low  water  discharges 
but  little  water.  None  of  these  tributaries  are  high  enough  to  supply 
reservoirs  to  feed  the  canal  proi)osed. 

At  the  Junction  of  the  Manchac  with  the  Amite  river  a  bar  has  fcmned 
some  20  yards  wide  and  extending  down  the  river  for  50  yards.  There 
are  but  three  feet  of  water  on  this  bar  when  the  river  is  at  its  lowest 
stage.  From  this  point  down  to  what  is  known  as  New  river,  and  from 
New  river  to  Lake  Maurepas,  the  Amite  river  is  generally  over  45  yards 
wide  and  from  12  to  25  feet  deep  at  low  water.  New  river  is  of  im 
average  width  of  38  yards,  and  is  very  crooked  and  deep. 

The  bayou  Manchac  and  Amite  river  are  bordered  throughout  theu" 
whole  length  by  heavy  forests,  with  the  exception  of  a  few  plantations 
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and  landings.  In  many  places  the  trees  overhang  the  bank  both  of  the 
river  and  the  bayou  so  as  to  render  navigation  difficult  and  dang:erons 
even  for  small  steamboats.  In  the  hi[i:hlands  are  found  pine,  ash,  and 
oak;  in  the  svvami)s,  cypress,  gum,  white  oak,  &c. 

The  soil  along  the  Manchac  is  a  stiff  clay,  growing  firmer  as  you  leave 
the  Mississippi  river,  the  coarser  materials  being  deposited  near  the 
Mississipjii  bank.  The  banks  of  the  Manchac  have  a  reverse  slope 
similar  to  that  of  the  Mississippi,  there  being,  however,  a  greater  fall 
in  the  same  distance.  Along  the  Mississippi  the  average  reverse  slope 
of  the  natural  bank  is  about  seven  feet  in  the  first  mile,  while  along  the 
bayou  the  average  reverse  slope  is  about  three  feet  in  the  first  hundred 
yards.  At  the  mouth  of  the  Manchac  the  soil  becomes  mixed  with 
sjind,  but  the  proportion  is  small  and  does  not  in  any  way  obstruct  the 
channel  by  forming  bars;  and,  in  fiict,  at  the  points  where  shallow  water 
could  be  exi)ectcd,  the  banks  are  in  places  from  12  to  15  feet  high,  and 
stand  almost  peipendicular. 

The  high  water  of  the  spring  backs  up  the  Manchac  so  as  to  give  in 
many  jilaces  below  Bayou  Crocodile  a  deptli  of  20  feet  and  over,  over- 
flowing a  large  portion  of  the  country  on  the  south  side;  and  falling 
rapidh^  a  very  rai)id  current  is  formed,  rendering  navigation  extremely 
difficult. 

The  sloi)e  back  from  the  Mississippi  along  the  Manchac  is  most  rapid 
for  the  first  two  miles,  when  it  becomes  more  gradual.  In  order  to  make 
the  estimate  of  the  excavation  more  accurate,  avoiding  the  error  of 
assuming  the  slope  from  the  Mississippi  to  the  Crocodile  as  uniform,  a 
line  of  levels  was  run  from  the  head  of  the  Manchac  to  its  junction 
with  the  Crocodile,  and  the  following  results  obtained : 

Difference  of  level  of  natural  bank  of  Mississippi  in  first  two  miles 
and  a  half  is  eight  feet  five  inches;  between  this  point  and  the  Croco- 
dile, (where  the  direction  of  current  at  low  water  is  dependent  entirely 
upon  the  direction  of  the  wind  and  the  rise  and  fall  of  the  Amite,)  eleven 
feet  three  inches;  making  a  totiil  of  11)  feet  eight  inches. 

Ditt'erence  of  level  between  extreme  high  ^^■^dter  in  Mississippi  of  1862 
and  extreme  low  water  in  the  bayou  at  the  Crocodile,  34  feet  and  three- 
fourths  of  an  inch.  The  extrenu^  tall  of  the  Mississippi  river  being  32 
feet  nearly,  this  gives  the  difference  of  level  between  low  water  in  the 
Mississippi  and  in  the  Manchac  at  two  feet  and  three-fourths  of  an  inch. 

As  there  is  no  body  of  water  near  the  Manchac  which  can  be  used  as 
a  reservoir  to  8upi)ly  locks  for  different  levels  in  the  canal,  it  must  be 
excavated  down  low  enough  to  give  the  re(juired  draught  of  seven  feet 
at  low  water,  which  phices  the  bottom  of  the  canal,  nine  feet  below  the 
low-water  line  of  the  Mississippi  river,  or  37  feet  seven  inches  below 
the  natund  bank  of  the  Mississippi,  at  the  crest  of  the  channel  bank. 

To  overcome  this  rise,  at  lenst  four  locks  will  be  required,  placed  in 
four  different  side  canals,  a  i)r()ject  for  which  is  appended  : 

Amount  of  excavation  required  and  the  estimate  of  the  cost  of  the  same. 

♦From  Mississip[>i  river  to  Bavou  Crocodile,  G,205,30-4    . 

cubic  yards,  at  30  cents  ]>er  yard $1,  SSS,  GIS  20 

Side  canals  for  locks,  515,338  cubic  yards,  at  30  cents 

per  yard 1G3,  601  40 

•From  Bayou  Crocodile  to  Amite  river,  1,003,520  cubic 

yards,  at  25  cents  per  yard 475, 880  00 

*  In  all  CHsefi  where  the  car.al  follows  the  existinjr  natural  channel-way  the  curvature  of 
the  latter  is  deducted  iu  estimating  the  excavation  for  the  canal. 
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New  ri'/er,  96,783  cubic  yards,  at  25  cents  per  yard $24, 195  75 

Points  of  Amite  river  404,000  cubic  yards,  at  25  cents 

per  yard 116, 000  00 

Bar  at  uioutli  of  Amite,  9,668  cubic  yards,  at  25  cents 

per  yard 2, 417  00 

Bar  at  west  end  of  Pass  Mancliac,  24,077  cubic  yards,  at 

25  cents  per  yard 6, 019  25 

Bar  at  east  end  of  Pass  Mancliac  20,849  cubic  yards,  at 

25  cents  per  yard 5, 212  25 


2, 681, 943  85 


Timber  and  lumber  for  one  loclc. 


Thirteen  thousand  piles,  20  feet  to  35  feet  long,  one  foot  in  diameter; 
3,125,200  feet  of  12-inch  by  i2-inch  timber,  board  measure  ;  600,000  3-iiicU 
X)lank  for  sheeting  and  gates ;  250,000  feet,  12-iuch  by  12-iuch  timber, 
gates. 

The  cost  of  a  project  for  oY)ening  a  canal  from  near  Camp  Parapet,  on 
the  Mississippi  river,  just  above  Carrollton,  to  the  point  near  the  Metairie 
ridge,  where  the  new  canal  crosses  it,  and  of  widening  and  deepening 
*' the  new  canaF  from  that  point  to  Lake  Pontchartrain,  is  as  follows: 

Cubic  yard*. 

For  canal  300  yards  long,  17  feet  1  inch  deep  and  24  yards 
wide,  for  locks  at  low  water : 50, 820 

For  canal  200  yards  long,  9  feet  4  inches  deep  and  24  yards 

wide,  for  lock  at  high  water 16, 874 

For  Ciinal  from  Camp  Parapet  to  foot  of  slope,  1^  miles,  45 

yards  wide  and  from  17  feet  1  inch  to  8  feet  6  inches  deep .         560, 340 

For  canal  from  foot  of  slope  to  new  canal  at  Metairie  ridge, 
45  yards  by  8.  feet  6  inches,  and  widening  and  deepening 
new  canal  thence  to  lake  Pontchartrain 402, 310 

1, 030, 344 

.1,030,344  cubic  yards  of  excavation,  at  25  cents  per  yard. . .       $257, 586 

In  opening  either  of  these  canals  an  item  of  some  importance  must  be 
considered,  the  deposit  in  the  lakes  of  the  sediment  from  the  Mississippi 
river.  This  will  be  constantly  going  on,  and  will  be  accompanied  with 
considerable  expense. 

Very  respectfully,  your  obedient  servant, 

J.  K.  HEZLEP, 
First  Lieutenant  Corps  of  Engineers, 

Brevet  Brig.  Gen.  M.  D.  McAlester, 

Major  of  Engineers. 


New  Orleans,  Louisiana, 

June  18,  1867. 

Sir  :  I  submit  herewith  a  description  of  the  Yalette  floating  dock  at 
Algiers,  the  largest  one  in  the  river.  Dimensions :  length  of  hold,  260 
feet )  length  of  outriggers,  50  feet  j  depth  of  hold,  10  feet  j  breadth  of 
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dock  at  deck  within  sides,  83  feet ;  same  at  top  91  feet  5  inches ;  width 
of  sides  between  sheathing:,  5  feet.     Draught  of  sliip  can  take  18  feet. 

The  bottom  of  the  hull  is  composed  of  outer  x^anking  three  inches 
thick  ;  floor  timber  12  by  12  inches,  two  feet  apart,  placed  athwart  ships; 
timbers  12  by  12  inches  in  juxtaposition  bolted  through  and  through, 
rimniiig  fore  and  aft ;  timbers  12  by  12  inches,  3  feet  apart  athwart  ships, 
and  inner  planking  3  inches  thick.  The  deck  is  comj)osed  of  timbers 
12  by  12  inches,  2  feet  apart  athwart  ships,  and  3  inches  deck  j)lank. 
The  sides  of  the  hokl  are  composed  of  upright  stanchions  12  by  12 
inches,  two  feet  apart,  and  planking  three  inches  thick.  The  hold  is 
divided  along  its  axis  by  a  bulkhead  42  inches  thich  ;  on  either  side  of 
this,  and  parallel  to  it,  are  two  others  one  foot  thick.  There  are  seven 
bulkheads  one  foot  thick  nuuiing  athwart  ships. 

The  hold  is  thus  divided  into  48  water-tight  compartments,  from  which 
l)ipes  lead  to  the  pumping  wells. 

The  outer  sheathing  of  the  sides  of  the  dock  is  three  inches  thick,  and 
the  stanchions  5  by  10  inches,  and  from  two  to  three  feet  apart ;  the 
inner  sheathing  is  three  inches  thick,  and  the  stanchions  are  live  to 
eight  inches,  and  from  two  to  three  feet  apiirt. 

There  are  two  outer  and  two  inner  clamps,  six  inches  by  two  feet  on 
each  side.  In  each  side  there  are  eight  water-tight  compartments  and 
four  pumping  wells. 

There  is  such  an  arrangement  of  valves  that  any  one  of  these  com- 
partments can  be  filled  or  emptied  separately.  There  are  four  discharg- 
ing and  four  receiving  valves  on  each  side.  Two  engines  of  two  feet 
stroke  and  11-inch  bores,  and  10  pumps,  20  by  20  inches,  are  employed 
in  pumping  out  the  dock. 

The  capacity  of  the  pumps  is  such  as  to  raise  a  vessel  drawing  14  feet 
of  water  in  forty  minutes.  I  was  unable  to  ascertain  the  speed  at  which 
the  engines  are  usually  run,  so  as  to  determine  the  amount  of  water  dis- 
charged |>er  second. 

The  same  length  of  time  is  required  to  sink  as  to  raise  the  dock. 

About  1,080  ix)unds  of  coal  are  used  in  raising  a  vessel  drawing  14 
feet. 

The  capacity  of  the  dock  is  about  2,500  tons,  and  it  costs  $168,000. 
Very  respectfully,  your  obedient  servant, 

I.  W.  PAYNE, 
First  Lieutenant  Engineers. 

Brevet  Brig.  Gen.  M.  D.  MoAlester, 

Major  of  Engineers* 

Sent  to  headquai-ters  engineers  with  letter  of  January  10,  18G8,  and 
three  maps  marked  A,  B,*C. 

M.  D.  McALESTER, 
Brevet  Brig,  Oen.  Major  of  Engineers. 


14. 

United  States  Engineer  Office, 

Xeic  Orleans  J  June  9,  1868, 

General  :  The  examination  and  sjirvey  of  Galveston  harbor  having 
been  completed,  I  have  the  honor  to  report  incidents,  results,  project* 
and  climates  relating  thereto,  as  follows. 

32  w— Part  II 
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Work  was  begun  under  mstructions  comniuuicated-  to  me  in  tbe  fol- 
lowing letter: 

Enginek.r  Department, 
Washington^  Match  22,  \^i. 

General:  A  recent  examination  of  the  barber  of  Galveston,  Texas,  by  the  coa>t  suryej, 
ha.s  developed  chaujres  in  that  harbor  of  a  character  so  serious  as  to  threaten  its  exi«t«nc« 
even,  if  allowed  to  cnntiniio,  and  it  seems  higfhly  important  that  steps  be  at  once  taken  to 
ascertain  whether  and  how  the  accnmuhitions  of  obstructions  can  be  stopped,  and  the  bar 
deepened  so  as  to  meet  the  demands  of  commerce. 

On  the  inner  bar,  which  is  the  part  occasioning  the  j^reatest  pre^sent  inconvenience,  anJ  to 
whicli  tlie  improvements  are  most  meded,  there  was,  in  l"^')!,  when  the  coast  survey  thoroughly 
surveyed  the  harbor,  a  depth  of  thirt^'cti  feet  at  the  shallowest  point,  which  depth  has  dimin- 
ished rapidly  in  the  last  two  years,  and  is  now  found  to  be  only  nine  and  one-half  feet,  which 
is  nearly  three  feet  less  than  on  the  outer  bar. 

Hitherto  this  liarborhas  been  tbe  best  on  our  whole  coast  from  the  Mississippi  to  the  Rio 
Grande,  and  is  the  one  from  which  is  exported  a  larj^e  proportion  of  the  productions  of  «he 
State  of  Texas.  It  is  therefore  of  tlie  highest  iujportance  to  the  commercial  interests  of  the 
nation  that  the  capacity  of  this  harbor  should  be  maintained  if  possible. 

The  recent  survey  has  developed  the  further  fact  that  Pelican  spit,  upon  which  it 
has  always  been  pro|)osed  to  locate  the  fortifications  for  the  defense  of  this  harbor,  and  when, 
just  before  the  war,  prej)arations  wero  made  for  the  commencement  of  a  fort,  is  subject  to 
considerable  chanp:es,  which  would  render  any  construction  upon  it  unadvisable  till  the 
character  ol  those  changes  has  been  more  fully  investigated. 

nefore  any  intelligent  plan  for  improvement  can  be  devised,  it  will  be  necessary  to  have 
more  detailed  information  in  regard  to  the  changes  that  have  taken  place  than  are  funa^hed 
by  the  late  examination  by  the  coast  survey  above  referred  to,  and  also  a  full  knowledj^?  of 
the  direction  and  strength  of  the  currents,  the  effects  of  waves  and  storms,  character  of  tbe 
bottom  at  various  points,  whether  sand,  mud,  &c. ;  also  the  chamcter  of  the  underlying 
strata  to  as  great  a  depth  as  practicable. 

You  will   take  measures  to  collect  all  the  information  above  indicated,  with  the  view  of 

1)rei»»iring  plans  and  estimates  of  the  uu)st  practicable  and  effective  mode  of  improving  the 
jarbor,  anu  of  erecting  suitable  breakwaters  for  its  protection. 

Tbe  expenses  of  the  examination  and  survey  will  be  paid  from  the  appropriation  for 
examinations  and  surveys  on  the  Atlantic  coast.  You  are  requested  to  present  an  estimate 
of  the  cost  of  the  survey  as  soon  as  practicable. 

A  copy  of  the  act  of  Congress  directing  the  survey,  &c.,  is  herewith  transmitted. 
Very  respectfully,  your  obedient  servant, 

A.  A.  HUMPHREYS, 
Brigadier  Gentrnl  and  Chief  of  Engineers^  Major  Generat'of  yolnhteen. 

Brevet  Brigadier  General  M.  D.  McAlesteh, 

Major  of  EiiginecrSf  New  Orleans,  La. 

Considerable  delay  occurred  in  eftbrts  to  obtain  experts  competent  to 
perform  the  work.  After  ai)plying  unsuccesstully  in  this  vicinity,  and 
to  the  several  oflicers  of  engineers  stationed  in  the  eastern,  northern 
and  western  8tates — there  being  at  the  time  a  great  demand  for  exi)ert 
surve^'ors  and  hydrographers  for  the  extensive  works  of  river  and  har- 
bor improvement,  and  railroad  and  other  civil  constructions  in  those 
regions — Mr.  J.  K.  Hilgard,  assistant  in  charge  of  the  Coast  Survey 
office,  for  the  superintendent,  on  application  from  headquarters  corps  of 
engineers,  very  kindly  ordered  the  coast  survey  party  already  at  work 
in  the  harbor  to  report  tome  for  duty,  at  the  same  time  placing  at  my  dis- 
posal the  results  which  the  party  had  already  accumulated  during  the  cur- 
rent working  season .  I  received  notice  of  this  about  the  10th  of  May,  1 S67, 
and  on  the  15th  following  ordered  Lieutenant  Stanton,  corps  of  engi- 
neers, one  of  my  assistants,  to  Galveston,  in  immediate  charge  of  the 
w^ork,  with  full  instructions.  The  coast  survey  party,  being  at  San  Luis 
Pass,  did  not  arrive  and  report  to  Lieutenant  Stanton  till  the  31st  of 
May.    Work  was  commenced  on  the  4tli  of  June. 

Receiving  notice  from  the  Coast  Survey  otfice  that  it  was  customary  to 
relieve  its  parties  on  the  coast  on  the  loth  of  July,  I,  under  Instructions 
contained  in  headquarters  letter  of  June  19,  1807,  directed  work  to  be 
suspended  on  that  datej  but  the  party  becoming  pi^eviously  thereto  crip- 
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by  sickness,  and  the  yellow  fever  becoming  epidemic  in  the  vicinity, 
itions  had  to  be  suspended  on  the  8th  of  July. 
e  yellow  fever  rajijin^  about  Galveston  bay  till  the  1st  of  •December 
A'ing,  and  the  coast  survey  party  consequently  not  reportin<i^in  this 
till  about  the  1st  of  January,  operations  in  the  field  could  not  be 
ued  till  about  theStli  of  January,  18(kS,  after  an  unavoidable  suspen- 
of  six  months.  The  lield-work  of  the  examination  and  survey  was 
deted  on  the  Dth  of  April,  18G8,  having  been  very  much  retarded 
uusually  stormy  weather. 

consecpience  of  the  caution  contained  in  headquarters  letter  of  Jan- 
20,  1808,  that  ''the  approjjriation  for  examinations  and  surveys  for 
Vtlantic  coast  was  almost  exhausted,  and  that  there  was  no  other 
iipriation  applicable  to  the  object,"  tc^^ether  with  a  desire  to  submit 
report  before  the  adjournment  of  the  present  session  of  Congress, 
•op<»  of  the  field-work  has  since  that  date  been  somewhat  curtiiileil  from 
riginal  project,  in  respect  to  curilMit  observations  and  borings.  The 
ripal  omissions  are  the  borings  on  the  site  of  the  dam  suggested 
is  San  Luis  Pass.  It  may,  however,  be  taken  for  granted  that  the 
icters  of  the  bottom  and  substrata  at  this  locality  are  essentially 
>ame  as  at  the  points  in  Galveston  bny  where  l)orings  were  made. 
cniTent  observations,  although  not  exhaustive  for  the  entire  water 
connected  with  the  inner  channel  and  bar,  comprise  those  which 
lecessary  to  determine  the  characters  of  the  currents  which  have 
lirect  effect  upon  their  depth  of  water. 

e  facts  and  conclusions  arrived  at  by  the  examination  and  survey, 
estimates  of  cost  of  various  projects  for  the  improvement  and  pres- 
:ion  of  the  innc^r  harbor  and  its  entrance,  are  very  fully  presented 
le  report  of  Lieutenant  Stanton,  hereto  appended,  and  the  charts 
ed  A,  B,  C,  D,  E,  F,  G,  and  II,  herewith  transmitted, 
ree  projects  for  accomplishing  the  desired  objects  present  them- 


s: 


^t,  that  of  increasing  the  amount  and  velocity  of  flie  water  flow- 
Jirough  Galveston  channel,  (across  the  inner  bar,)  by  deflecting 
igh  it  a  portion  of  that  which  now,  flowing  in  and  out  through 
ar  cliannel,  fills  and  emi)ties  the  reservoir  formed  by  Galveston 
md  East  bay,  by  means  of  a  system  of  jetties  resting  on  Pelican 
d  and  spit  and  intersecting  Bolivar  channel,  thus  deepening  and  pre- 
ng  the  channel  by  increasing  the  abrading  effort  of  the  ciurent, 
id,  that  of  directly  increasing  the  area  of  tlie  reservoir  which  fills 
emi)ties  through  Galveston  channel,  thus  increasing  the  abrading 
of  the  cuirent  by  that  portion  of  West  bay  which  is  to  the  west- 
of  Karonkaway  Point,  by  means  of  a  dam  closing  San  Luis  Pass. 
I,  that  of  excavating  and  preserving  the  required  channel  by  means 
achinery. 

ct  of  a  system  of  jetties  intersectinff  Boll  car  channel  from  the  shoals  of 

Pelican  island  and  spit. 

V  positions,  descriptions,  and  detailed  estimates  of  the  cost  of  these 
s,  reference  is  respectfully  made  to  chart  '*  E ''  and  Lieutenant 
:on's  report.  The  aggregate  cost  of  the  system  is  estimated  at 
0,000. 

e  kind  of  construction  adopted  for  the  purpose  of  estinuites  is  the 
economical,  consistent  with  any  assiuance  of  stability,  practicable 
e  Texas  coast,  there  being  no  stone  (luanies  in  or  near  the  Gidf 
IS.    The  concrete  blocks  are  proposed  to  be  laid  without  mortar  in 
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courses,  and  to  be  lowered  into  position  through  the  water  (which  Is 
clear)  by  means  of  cranes,  the  blocks  in  consecutive  courses  breaking 
joints.  To  diminish  the  difficulty  of  placing  the  blocks,  the  vertical 
joints  may  be  as  wide  as  six  mches.  The  first  course  is  proposed  to  be 
placed  on  the  surface  of  the  bottom  or  shoal.  The  piles  are  designed  to 
serve  as  guides  in  laying  the  concrete  blocks,  and,  in  the  absence  of 
mort^ar  in  the  joints,  to  retain  them  in  position  while  settlement  is  going 
on,  and  against  the  distuibing  ettbrts  of  storms.  The  width  of  jetty  is 
generally  t*aken  to  be  50  i)er  cent,  greater  than  the  corresponding  height; 
but  when  the  basis  is  mud,  (which  may  be  the  case  for  small  portions  of 
the  Pelican  Island  jetty,)  the  lowest  course  is  proposed  to  be  extended 
beyond  the  lines  of  piles,  and  its  edges  conne<5ted  with  the  top  of  the 
structure  by  offsets,  thus  increasing  the  base  in  order  to  obviate  too 
great  settlement.  The  jetty-heads  are  made  large  enough  to  receive 
lighthouses  if  nexicssary. 

The  upper  or  Pelican  Island  jetty  is  designed  to  cut  and  deflect  to  the 
westward  of  the  island,  and  through  the  Galveston  channel,  the  entire 
ebb  current  of  the  branch  of  Bolivar  channel  which  is  between  the 
series  of  parallel  shoals  to  the  northeastward.  At  first  thought,  this 
effect  would  seem  to  result  inevitably  and  permanently  from  the  intro- 
duction of  the  jetty,  the  line  A  B  (chart  F)  separ*ating  the  two  reser- 
voirs, being  shifted  to  the  eastward  so  that  its  extremity  ^' A'^  should 
rest  at  the  jetty  head,  while  its  intersection  with  the  west  shore  of  the 
bay  moved  northward,  thus  indirectly  increasing  the  area  of  the  reser- 
voir emptied  through  Galveston  channel. 

The  Pelican  Spit  jetty  is  designed  to  deflect  a  i)ortion  of  the  flood  cur- 
rent now  entering  through  Bolivar  channel,  and  cause  it  to  pass  through 
Galveston  channel.  Incidentally  it  would  undoubtedly  arrest  the  west- 
erly movements  of  the  spit  and  of  the  mouth  of  Galveston  channel, 
which  have  hitherto  been  in  progress,  and  render  the  spit  secure  for  for- 
tification and  other  purposes.  This  jetty  as  proposed,  however,  inter- 
sects but  a  very  small  iioition  of  the  Bolivar  channel,  it  being  deemed 
unsafe  to  carry  it  beyound  the  12-foot  curve,  on  account  of  the  rapid 
declivity  of  the  shoal  in  that  direction  and  the  great  exposure  to  heavy 
seas  coming  in  trom  the  Gulf.  Even  terminating  at  the  12-foot  cur\'e,it 
might  be  necessary  to  use  extraordinary  precautions  to  prevent  the 
underuiining  of  the  jetty-head. 

These  two  jetties,  constituting  the  system  named  in  the  first  project, 
I  do  not  approve  of.  Finally,  1  am  of  the  opinion  that  no  like  system 
designed  to  deflect  the  floods  and  ebbs  of  Bolivar  channel,  with  the  object 
of  benefiting  Galveston  channel,  can  be  judiciously  introduced,  nor 
with  a  satisfactory  prospect  of  success.  The  particular  system  dei^^ribed 
and  estimated  for  is  simply  presented  as  an  example  of  the  inadequacy 
and  enormous  cost  of  all  like  systems  for  the  improvement  in  question. 
Should  a  permanent  fortification  be  placed  on  Pelican  spit,  a  break- 
water will  doubtless  be  necessary  to  protect  the  latter,  or  the  foundations 
of  the  former,  from  encrojichments  of  the  sea.  This  will  present  no 
great  difficulties. 

The  following  considerations  are  respectfully  submitted  as  against  the 
adoption  of  the  first  project : 

1st.  The  enormous  cost,  especially  when  considered  in  connection 
with  the  extent  of  the  interests  to  be  benefited. 

2d.  Th^  ebb  currents  being  due  to  the  departure  of  the  tidal  wave 
from  the  mouth  of  the  bay,  producing  a  lower  water  level  in  the  golf 
than  in  the  bay  itself,  and  the  distance  from  the  he^  of  the  Pelican 
Island  jetty  to  the  mouth  of  Galveston  channel  (which  distance  the  water 
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muftt  pass  over  in  seeking  the  lower  level)  being  more  than  twice  as 
great  by  tbe  Galveston,  channel  as  by  the  Bolivar  channel,  it  is  my 
l>elief  that  the  current  attempted  to  be  deflected  will  take  the  latter  , 
channel  in  spite  of  the  jetty,  cutting  the  Bolivar  channel  deei)er,  or 
widening  it  by  encroacjhing  on  Bolivar  Point  sufficiently  to  compensate 
for  the  reduction  in  its  cross-section  i>roduced  by  the  jetty,  thus  defeat- 
ing the  object  of  the  latter  completely.  The  flood  currents  being  prin- 
cipally due  to  the  lower  water-level  in  the  main  reserv^oir  of  Galveston 
and  Ea.st  bays  on  the  arrival  of  th«  tidal  wave  at  the  seaward  entrance, 
and  the  Bolivnr  channel* being  the  shortest  line  between  the  two  levels, 
the  Pelican  Spit  jetty  will  likewise  utterly  fail  in  accomplishing  its 
objects,  the  flood  curi-ent  it  is  designed  to  deflect  through  Galveston 
channel  still  keeping  on  in  Bolivar  cliannel  in  spite  of  the  jetty,  exca- 
vating for  itself  a  passage  between  the  jetty-head  and  Bolivar  Point. 

3d.  Supposing  the  Pelican  island  jetty  successful  in  enlarging  the  Gal- 
veston channel  reservoir  to  the  northward,  there  is  reason  to  fear  that  if 
any  great  increase  of  current  is  thus  produced,  as  the  latter  flows  directly 
towards  the  Galveston  citv  water-front,  it  will  deflect  the  current  which 
flows  along  this  front  (and  which  results  from  the  two  currents  coming 
respectively  from  Galveston  bay  and  West  bay)  inshore,  and  thus  en- 
danger the  wharf  foundations  and  encroach  on  the  site  of  the  city. 
The  existing  concavity  of  the  shore-line  in  the  vicinity  of  the  city  is  an 
indication  that  such  an  encroachment  might  result. 

4th.  Should  the  Pelican  si)it  jetty  accomplish  the  deflection  of  a  por- 
tion of  the  Bolivar  channel  flood  current  sufficient  lO  produce  any  ma- 
terial abrading  effect  on  the  Galveston  channel  bar,  it  is  to  be  feared 
that,  in  addition  to  the  danger  of  damage  by  storms  due  to  its  exposed 
position,  the  jetty  would  be  liable  to  be  undermined  by  the  deflected 
current  itself,  esi>ecially  the  i)ortion  comprised  between  the  6-foot  and 
12-foot  curves  of  the  shoal.  Insurance  against  these  dangers  could  be 
accomplished  only  by  adding  security  to  the  foundations  at  gieat 
expense. 

Project  of  a  dam  closing  San  Luis  Pass. 

For  position  of  the  dam,  see  chart  F;  and  for  detailed  estimates  of  its 
cost,  reference  is  made  to  Lieutenant  Stanton's  report.  It  is  probable 
that  the  small  channel  north  of  Mud  island,  and  uniting  Bastrop  bay 
with  West  bay,  would  have  to  be  closed.  Xo  opportunity  was  afforded 
of  examining  this  channel,  but  it  is  thought  to  be  insigniticant,  if,  indeed, 
it  exists  now  at  all. 

The  aggregate  cost  of  this  system  of  dams  is  estinuited  at  $3150,000. 

It  is  proposed  to  caiTy  the  dams  full  four  feet  above  the  level  of  ordi- 
nary lo^v- water,  since  the  water  rises,  under  the  influence  of  certain  com- 
binations of  tides  and  winds,  three  feet  eight  inches  above  that  level. 

The  eftect  of  this  plan  would  be  to  increase  the  area  of  the  Galveston 
channel  reservoir  by  30.86  square  miles,  which,  added  to  its  present 
area  of  58.08  square  miles,  gives  a  resulting  area  of  05.54  square  miles. 
These  estimates  include  that  portion  of  the  area  of  Galveston  bay  proper 
situated  southwest  of  the  Pelican  shoals  and  the  line  A  B,  (chart  F.) 
An  increased  volume  of  water  should  thus  be  made  to  flow  through 
Galveston  channel;  the  increase  for  each  flood  and  each  ebb  amount- 
ing to  1,130,357,606  cubic  feet,  estimating  for  a  rise  and  fall  of  one 
and  one- tenth  foot,  which  is  the  mean  for  the  year. 

Of  all  plans  for  deepening  and  maintaining  the  channel  across  the 
inner  bar,  thus  accomplishing  the  i>roposed  improvement  and  preserva- 
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tioii  of  the  inner  harbor,  by  means  of  increa^sing  the  abrading  efforts  of 
the  tidal  currents,  this  is  tlio  most  legitimate  and  judicious.  1  can  fore- 
see no  injurious  effects  whicli  wouhl  be  likely  to  residt  from  its  a^loption. 
I  do  not  recommen<l  its  adoption,  liowever,  for  the  following  reasons: 

1.  The  cost  is  too  great  when  considered  in  connection  with  the 
extent  of  the  interests  to  be  served,  and  the  maximum  amount  of  bene- 
fit which  it  is  possible  for  the  harbor  to  receive  without  also  im])roving 
the  outer  bar  channels.  The  i)resent  channel  depth  across  the  outer 
bar  is  but  12  feet,  and  the  ciest  line  of  the  latter,  along  the  entire  ex- 
tent of  which  the  tidal  cuiTcnts  are  disseminated,  has  so  great  a  develo])- 
ment  that  little  if  any  increase  of  channel  d(»pth  can  be  anticipated 
across  it  from  the  increase  of  reservoir  proposed.  The  present  depth  m 
the  inner  bar  being  about  nine  feet,  the  extent  of  possible  useful  im- 
provement upon  it  is  therefore  limited  to  about  three  feet  increase  of 
channel  depth.  Had  the  outer  bar  a  channel  dei)th  of  18  or  20  feet,  the 
estimated  expenditure  might  be  more  justifiable  with  the  object  of  ac- 
complishing a  like  depth  on  the  inner  bar,  thus  placing  Galveston  on  an 
equality  with  most  first-class  harbors. 

2.  TIk^  average  ris(^  and  fall  of  the  ti<le  at  Galveston  entrance  l>eing 
but  one  and  one-tenth  foot,  and  during  the  periods  of  highest  tides  there 
being  but  one  tide  a  day,  giving  limited  current  velocities,  and  consider- 
able and  oft-i'ccurring  intervals  of  still  water  as  far  as  tidal  influences  are 
conc'crned,  a  serious  doubt  aris<»s  as  to  the  j)ossibility  of  accom]>lishmg 
the  desired  improvement  by  this  or  any  other  plan  for  increasing  ivser- 
voir  areas.  8o  weak  are  the  tidal  currents  (see  current  observations,  chait 
E,  and  dig(\st  of  the  same  in  Lieutenant  Stanton's  report)  that  an  ordinaiy 
stiff",  steadv  breeze  in  a  contrarv  direction  will  ordinarilv  neutralize  them 
entirely.  The  princii)al  changes  on  this  coast  are  sudden,  and  due  to 
violent  storms,  which  in  a  few  hours  often  obliterate  sand  shoals,  dcpo 
sit  others,  and  move  others  bodily  from  place  to  idace.  The  (U'dinary 
changes  due  to  the  tidal  currents,  and,  on  the  open  beach,  the  tair  wea- 
ther waves,  are  so  gradual  as  to  be  perceptible  oidy  by  comparing  obs<»r- 
vations  taken  at  intervals  of  several  years.  The  following  notes  are 
taken  from  a  ''Chart  of  the  coast  of  Texas  in  the  vicinity  of  Galveston,'' 
*' hydrography  under  direction  of  LV'utenants  Commanding  A.  S.  Bald- 
win, T.  A.  Craven  and  E.  J.  De  Haven,  U.  S.  N.,  assistants  United 
States  Coast  Survey,  185G:'' 

The  rise  nnd  faU  at  tho  oiitraiioo  of  OalvcHton  bay  is  usnnUy  small.  Tin*  tiiuo  aii<l 
iH'i^xbt  of  lii^li  and  low  watiT  arc  iiTt'jL^ular,  and  nmcli  inliuenced  by  tbe  dirertiou  and 
fov<H'  of  tln'  wind. 

The  average  ris«^  and  faU  from  \2  months'  hourly  observations  in  1851-T>2  was  1.1  f(iM)t. 

The  height  of  hi^h  water  above  the  jdane  of  reference — mean  low  water  at  the 
time  of  the  moon's  ;x»i*ntest  deelination,  1,:^  foot. 

The  heiLcht  of  hi;j;h  wak^r  above  the  plane  of  reference  at  the  time  of  moon's  lc;i^t 
declination,  O.H  foot. 

The  rise  of  hijji^hest  tid("  observed  aV)Ove  the  idane  of  reference,  3.8  feet. 

The  fall  of  lowest  tide  observed  l>elow  the  ])lane  of  reference,  1.8  foot. 

When  the  moon's  declination  is  zero,  or  very  small,  there  aix?  two  .small  irrep^nlar 
tides  in  2i  honrs;  bnt  as  th(^  moon's  declination  increases  noith  or  sonth,  the  ris*-  and 
fall  increasf',  and  the  two  brcome  more  and  more  nne(|nal,  until  (uie  high  and  one  low- 
water  <'an  be  recoixniyj'd  in  ^14  honrs.  This  is  the  case  for  from  three  to  four  davs  Ix-fore 
to  as  many  after  the  time  of  the  moon's  greatest  <leclination.  During  tliat  ]»eriod  the 
tide  rises  from  low  to  high  water  in  about  eight  hours,  standH  jit  its  gi-eatist  height 
from  one  to  on<^  and  one-half  hours,  tluMi  falls  about  half  .a  foot  iu  live  or  six  hours  t«> 
stand  again,  sometimes  with  a  slight  rise  for  from  two  to  four  hours,  after  which  it  falls 
regularly  to  low  water  in  eight  or  nine  hours.  Sometimes  the  water  falls  very  slowly 
for  the  nine  or  ten  hours  fidlowing  high  water,  and  then  more  nipidly  to  low  wattT. 
These  remarks  suppoHe  that  there  is  no  disturbing  action  of  the  wind. 
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Even  if  the  currents  were  sufficient  to  Justify  the  belief  that  their 
L-entration  wouhl  result  in  a  decided  increase  of  their  abradin^LT  effort, 
-e  is  no  certainty  tliat  this  effort  woidd  not  be  expended  in  widening 
channel  instead  of  deepening  it,  or  enlarging  some  new  channel  lia- 
to  be  opened  at  any  time  by  violent  storms, 
enerally  it  may  be  urged  in  objection  to  all  systems  of  dams,  Jetties 

breakwaters,  designed  to  imi)rove  or  preserve  channel  and  harbor 
ths  on  the  Texas  coast,  that  in  consecpience  ot  the  ease  with  which 
loose  materials  composing  the  coast  itself,  and  the  contiguous  shoals 

islands,  are  shifted  by  the  frequent  and  powerful  storms  which  pre- 

there,  no  certainty  of  their  accomplishing  the  results  proposed  can 
entertained.  Even  if  they  succeed  temporarily,  changes  calculated 
ender  them  useless  are  at  all  times  imminent.  Supposing  either  of 
two  projects  Just  discussed  to  have  been  executed,  and  that  a  storm 
•eries  of  storms  increastnl  the  dei)th  of  the  breach  nuide  across  Gal- 
ton  island,  near  Fort  Point,  by  the  storm  ot  last  October,  (see  Lieu- 
mt  Stanton's  report,  and  yellow  shore-line,  chart  C,)  to  G  or  8  feet, 
s  dividing  the  current  between  the  old  and  new  channels,  this  con- 
cency  would  neutralize  the  effect  of  either  system,  and  render  either 
[Iging  operations,  or  an  extension  of  the  old  system,  or  the  introduc- 
i  of  an  additional  new  svstem  of  works  necessary.     Or  the  old  chan- 

might  close  entirely,  rendering  the  Pelican  spit  Jetty  (in  case  the 
:  system  had  been  adopted)  entirely  useless,  and  the  money  S[)ent  in 
construction  a  dejid  loss.  The  erection  of  sea  walls  on  the  oi)en 
ch,  or  exi)osed  to  waves  from  the  open  sea,  having  sufficient  stability 
cMider  such  a  contingency  impossible,  I  regard  as  out  of  the  question 
liin  means  likely  to  become  available  for  such  an  object. 

)JECT   OF  EXCAVATING    OR    DREDGING    BV    MEANS   OF  MACHINERY. 

his  is  in  my  opinion  the  most  Judicious  and  efficacious  plan  possible, 
it  involves  the  least  expense. 

^  channel  SO  feet  wide  ami  12  feet  deep,  excavated  across  the  inner 
on  the  most  favoralile  line,  would  be  ample  for  the  passage  of  sail- 
vessels  singly  and  steamers  meeting  or  passing  each  other  in  it.  It 
aid  be  distinctly  marked,  a  line  of  si)ar  buoys,  at  intervals  of  say  400 
Is,  being  placed  Just  outside  the  edges  on  each  side  with  can-buoys 
he  ends,  in  order  that  the  limits  may  be  visible  in  ordinary  fogs, 
amount  of  excavation  for  such  a  channel  is  estimated  at  5.470  cubic 
Is.  (See  Lieutenant  Stanton's  report.)  1  have  no  definite  data  on 
ch  to  base  the  cost  per  cubic  yard.  Two  dollars  ought,  I  think,  to 
ice,  especially  if  the  work  should  be  done  during  the  summer  months, 
ch  are  the  freest  from  rough  weather.  At  this  rate  the  cost  of  the 
•rovement  would  be  $10,051}.  I  think  there  would  be  no  difficulty 
•btaining  a  contract  for  a  series  of  years  to  effect  and  maintain  the 
•rovement  at  the  rate  of  $20,000  per  annum,  or  perhaps  even  a  little 
,  provided  the  contract  took  liberal  account  of  the  interruption  of 
k  during  the  stormy  months. 

he  great  specific  gravity  of  the  ma/terial  to  be  excavated,  Avhich  is 
d,  and  the  feebleness  of  the  current,  would  render  success  by  any 
1  of  stirring  or  floating  u])  the  material,  with  a  view  to  the  current 
•ying  it  away,  doubtful.  Osgood's  patent  dredging  nnichine  is,  as  I 
reliably  informed,  successfully  used  on  the  Pascagoula  bar  for  depths 
0  feet,  the  bar  being  of  sand.  The  machinery  which  so  successfully 
pened  the  Clyde  and  Tyne  rivers  in  Scotland,  working  to  a  depth  ot 
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30  feet,  would,  I  think,  answer  well  for  this  work.  It  is  of  simple  con- 
stniction,  being  merely  an  application  of  the  principles  of  the  common 
grain-elevator. 

Very  respectfully,  your  obedient  servant, 

M.  D.  McALESTER, 
Brevet  Brigddier  General  U.  S.  -4..,  Major  of  Engineern, 

Brevet  Major  General  A.  A.  Humphreys, 

Brigadier  General  and  Chief  of  Engineers^  WaMngfon,  D.  C. 


United  States  Engineer  Office, 

^ew  Orleans^  June  24,  18G8. 

(tENERAL  :  The  ninth  paragiaph  of  your  memorandum  of  instructioos 
of  May  lo,  1807,  for  my  guidance  in  conducting  the  examination  and 
survey  of  Galveston  harbor  reipiires  me  to  "  ascertain  as  far  as  practi- 
cable the  charaeter  of  Pelican  spit  and  its  substrata,  and  the  changes  it 
is  liable  to  and  will  be  likely  to  suffer  in  the  event  of  the  Intrmluction 
of  any  dams  or  breakwaters  thouglit  necessary  to  be  introduced  for  the 
improvement  of  the  inner  bar  and  the  preservation  of  the  haibor  proi)er 
and  the  channel  by  which  it  is  entered.'' 

In  compliance  tlierewith  I  have  the  honor  to  submit  the  following 
report : 

Pelican  spit  is  an  island  1,700  yards  long  with  a  maximum  and  mini- 
mum width  of  270  and  100  yards.  For  about  two-thirds  of  its  length 
from  its  northern  extremity  its  width  is  not  less  than  220  and  averages 
about  2G5  yards.  It  is  a  deposit  of  exceedingly  line  sand  and  has  been 
formed  since  1840,  ui)on  the  shoal  extending,  then,  as  now,  from  Pelican 
island  seaward  nearh'  to  the  entrance  of  the  bay.  Its  highest  point  at 
present  is  not  more  than  four  feet  above  the  plane  of  mean  low  water. 
Borings  made  to  as  great  a  depth  as  practicable  with  the  means  at 
hand,  ten  feet  below  the  i)lane  of  mean  low  water,  (see  boring  I,  chart  E, 
accompanying  report  on  Galveston  harbor,)  reveal  no  change  in  the  char- 
acter of  the  soil,  the  same  quality  of  sand  as  at  the  surface  being  found 
throughout  that  depth.  Blue  and  yellow  clay  were  found  in  the  vicinity 
of  the  upi)er  end  of  Pelican  island  at  an  average  depth  of  20  feet,  (bor- 
ings A  C  and  D,  chart  E.) 

According  to  the  report  of  Captain  G.  B.  McClellan,  of  April  18,  1853, 
(Ex.  Doc.  1853  and  1854,  part  2d,  vol.  1,  page  500,)  a  stratum  of  blue  clay 
cro])s  out  along  the  coast  in  about  seven  and  a  half  fathoms  of  water. 
Supposing  that  the  clay  found  above  Pelican  island  belongs  to  the  same 
stratum,  which  is  somewhat  doubtful,  and  that  the  stratum  has  a  uni- 
IVnin  inclination,  it  is  estimated  that  it  is  situated  at  Pelican  spit  25  feet 
below  the  plane  of  mean  low  water. 

On  chart  0,  accompanying  report  on  Galveston  harbor,  it  will  be  seen 
that  the  island  has  moved  west  about  400  yards  since  first  surveyed  in 
1851,  retaining  very  nearly  its  original  size  and  form.  A  comparison 
of  resurveys  made  early  in  1807  and  in  April  last  (see  black  and  yellow 
shore-lines,  chart  C)  indicates  that  this  movement  westward  is  still  in 
progress.  The  island,  located  just  within  the  entrance  to  the  bay,  is 
much  exx^osed  to  the  action  of  heavy  seas  from  the  Gulf,  during  strong 
easterly  and  northeasterly  winds,  and  to  the  ordinary  flood  currents. 
Through  these  agencies  its  eastern  shore  is  constantly  receding,  while 
its  west  shore  appears  to  advance  with  about  the  §iame  rapidity,  a  deposit 
being  gradually  formed  there,  probably  during  ebb  tide  in  conse- 
quence of  the  diminution  caused  by  the  island  in  the  velocity  of  the 
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water  above  it.  Bolivar  channel  is  also  encroaching  on  the  north  shore. 
The  most  extensive  changes  are  produced  by  storms.  Those  caused  by 
the  action  of  the  ordinary  currents  occur  so  slowly  and  gradually  that 
they  can  be  perceived  only  by  a  comparison  of  surveys  made  at  long  inter- 
vals. During  the  storm  of  October  last,  one  of  the  most  severe  which 
has  visited  this  part  of  the  coast  in  many  years,  the  northern  i)art  of  the 
east  shore  of  the  island  receded  about  130  feet ;  the  w  harf  and  all  the 
buildings,  three  in  number,  and  the  casemated  defensive  work  situated 
at  the  northeast  corner  of  the  ivsland,  (described  in  my  report  of  June  22, 
18G7,)  were  entirely  demolished  and  all  their  material  swept  away  by  the 
seii.  The  42-pounder  and  the  two  32-pounders  which  formed  the  arma- 
ment of  the  work  are  now  scarcely  visible  above  the  suii'ace  of  the  water. 
A  barbette  battery  formed  of  sand,  and  containing  one  unserviceable 
9-inch  naval  gim,  is  the  only  work  remaining  on  the  island.  Should  an 
attempt  be  made  to  improve  the  harbor  by  the  introduction  of  a  system 
of  jetties,  the  low^er  jetty  would  protect  the  eavSt  shore  of  the  island 
against  the  flood  current  and  heavy  seas  from  the  Gulf,  and  stop  the 
encroachment  at  present  in  progress  there,  while  improvement  by  the 
introduction  of  a  dam  at  San  Luis  Pass  would  probably  hasten  this 
encroachment  in  consequence  of  the  large  increase  (1,130,357,606  cubic 
feet)  in  the  volume  of  water  flowing  through  Galveston  channel. 

Should  Pelican  spit  become  the  site  of  a  permanent  w^ork  I  think  it 
will  be  necessary  to  protect  both  its  east  and  north  shores  by  break- 
waters. 

Kespectfully  submitted. 

W.  S.  STANTON, 
Firnt  Lieutenant  Corps  of  Engineers, 

Brevet  Brig.  Gen.  M.  D.  McAlester, 

Majar  Corps  of  Enffineers^  Neic  Orleans. 


I  5. 

United  States  Engineer  Office, 

New  Orleans^  May  20,  1868. 

General:  In  compliance  with  your  instructions  of  May  15,  1867,  I 
have  the  honor  to  submit  the  following  report: 

In  your  order  of  the  above  date  I  am  required  to  proceed  to  Galveston, 
Texas,  and  direct  the  examination  and  survey  (to  be  made  by  a  Coast 
Survey  party)  necessary  to  determine'  the  best  plan  for  improving  and 
preserving  Galveston  harbor,  in  accordance  with  a  memorjindum  of 
instructions  furnished  me;  and  in  the  8th  paragraph  of  the  letter  to 
report  the  best  and  most  feasible  plan,  in  my  judgment,  for  obtaining 
and  maintaining  upon  the  inner  bar  as  great  a  depth  of  w  ater  as  is  found 
in  the  outer  bar,  and  for  preserving  the  harbor  against  encroachments, 
(in  case  it  is  liable  to  them,)  with  estimates  of  the  cost  of  its  execution. 

I  repaired  to  Galveston,  May  22,  on  the  completion  of  my  duties  in 
this  city ;  but  owing  to  the  delay,  occasioned  by  stormy  weather,  in  the 
arrival  of  the  coast  survey  party  from  San  Luis  Pass,  the  survey  was  not 
commenced  until  June  4.  Between  that  date  and  July  8  the  sound- 
ings and  the  resurvey  of  the  shore-line  were  completed  within  the  limits 
designated  in  your  instructions,  viz:  the  shore  of  Galveston  island,  the 
meridian  of  the  eastern  extremity  of  Bird  Key,  an  east  and  west  line 
passing  through  Half  Moon  Shoal  light-house,  the  west  ifliore  of  Galves- 
ton bay,  and  to  include  Deer  island  in  West  bay.    Over  the  entire  area 
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included  within  tliese  limits  the  depth  of  water  and  character  of  the 
bottom  were  avscertained.  The  shore  line  of  Pelican  spit  and  island,  of 
the  northeastern  extremity  of  Gulveston  island,  and  of  the  southwestern 
extremjty  of  Bolivar  peninsuhi  only,  were  resnrveyed,  as  these  portions 
embrace  all  that  part  of  the  shore  line  of  the  bay  where  importiuit 
changes  had  taken  place  since  the  original  sun-ey  of  18oO-'5G.  Siuli 
current  observations  as  could  be  ma<ie,  while  the  soundings  were  in 
progiess,  were  also  taken  at  this  time.  For  a  detailed  account  of  the 
progress  of  the  survey  during  this  period,  which  was  considerably 
retarded  by  unfavorable  weather,  I  would  refer  to  my  rei)ort  of  August 
12.  In  accordance  with  your  orders,  and  with  instructions  received 
from  the  Coast  Survey  office  by  Sub- Assistant  Nes,  in  charge  of  the 
l)arty,  operations  were  suspended  on  the  8th  of  July.  I  then  gave 
Sub-Assistant  Nes,  by  your  orders,  detailed  instructions  (copy  traus- 
mitted  with  report  of  August  12)  for  the  preparation  in  Washington  of 
three  charts  of  the  bay  within  the  above  limits.  These  charts,  received 
here  in  November  last,  were  prepared  on  a  scale  of  1-20,(>(K),  and  are  let- 
tered A,  B,  and  C.  A  is  a  chart  of  the  original  survey  of  IS^O-'.jO;  Bof 
the  resurvey  of  18G7,  fully  embodying  jdl  the  facts  ascertained  up  to 
July  8;  and  C  is  a  comi)arative  chart  formed  by  combining  A  and  B 
upon  oiu*  sheet.  A  copy  (lettered  D)  on  a  scale  of  1-10,000  of  that  jwr- 
tion  of  the  chart  C  embracing  only  the  inner  bar  and  harbor  proper, 
was  also  prepared  in  the  Coast  Suivey  ofhce,  in  accordance  with  subse- 
quent instructions. 

Early  in  January  last  operations  Avere  resumed  by  the  coast  survey 
party  of  Sub-Assistant  Halter,  under  detuiled  instructions  from  this 
olh(!e  of  January  1.  January  30,  by  your  order,  I  repaired  to  (ialves 
ton  to  take  immediate  charge  of  the  work;  informed  on  my  arrival 
there,  by  Sub- Assistant  If  alter,  that  he  was  about  to  withdraw  his  i)arty 
under  orders  from  the  chief  of  the  Coast  Siu'vey,  I  wa.s  coni[)elled  to 
return  to  this  city  for  the  necessary  facilities  to  complete  the  survey. 
!March  3  1  again  resumed  it  with  a  vessel  and  party  chartered  and  organ- 
ized bv  vour  orders. 

Sub-Assistant  Halter  having  again  reported  with  his  party,  on  ]\rarch 
14,  i)roceeded  with  the  survey  under  my  orders.  On  the  20th  1  dis- 
charged njy  own  party,  deeming  the  additional  ex])ense  it  entailed  not 
justifiable  by  the  gain  in  time.  While  employed,  it  had  made  tlie  borings 
necessary  to  determine  the  character  of  the  substrata  near  the  north- 
west extremity  of  Pelican  island,  and  had  commenced  the  current  obser 
rations  in  that  vicinity.  Its  operations  were  very  much  interrupted  and 
retarded  by  stormy  and  unfavorable  weather. 

The  coast  survey  party  comi)leted  the  borings  and  current  ol)serva- 
tions,  ami  again  made  a  survey  of  Pelican  spit  and  the  northeast 
extremity  of  Galveston  island,  which  important  changes,  produced  by  a 
violent  storm  in  October  last,  required.  A])ril  1)  the  examiiuitiou  and 
survey  was  com])lete<l,  and  the  coast  snrvey  party  relieved  from  duty 
in  connection  with  it.  The  results  of  this  year's  oi)eratious,  current 
observations  and  borings,  and  also  of  the  current  observations  made  by 
Sub-Assistant  ^es  in  June  and  July,  1807,  are  embodied  in  chart  E. 
Three  ad<litional  charts,  lettered  F,  G,  and  II,  are  herewith  tran>^mitted. 
Chart  F  is  a  tracing  of  the  coast  survey  chart  of  18oG,  showing  the  illa- 
tive areas  watered  by  Bolivar  and  Galveston  channels,  and  of  East,  West, 
and  Galveston  bays,  also  the  proi)osed  location  of  the  dam  at  San  Luis 
Pa.ss,  hereafter  referred  to.  Charts  G  and  H  were  obtained  in  (xalves- 
ton.  The  former  is  a  copy  of  a  survey  of  the  inner  bar,  made  in  18(m  by 
Lieutenant  McGregory,  volunteer  engineers.    The  latter  is  a  copy  of  a 
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^  and  imperfect  chart  of  the  harbor,  made  in  1841  by  Commo- 
•e,  of  the  Texas  navy. 

:^e  inlet  from  the  gulf  at  Galveston,  comprising  the  three  arms 
Galveston,  East  and  West  bfiys,  (see  chart  F,)  has  an  area  in 

ollows : 

% 

bay,  extending  from  the  city  30  miles  north,  to  the  mouths  of 

Jacinto  and  Trinity  rivers 34G.88  square  miles. 

extending  20  miles  to  the  northeast  from 
on  bay,  and  parallel  to  the  general  coast 

75.44       "  ^' 

,  extending  22  miles  to  the  southwest 09.00      "  " 


?gate  area  of  the  inlet  in  square  miles 491.98 


:  from  this  the  area  (30.80  square  miles)  of  that  part  of  West 
of  Caronkaway  Point,  Avliieh  Is  supplied  through  San  Luis 
e  remains  an  area  of  45.1.12  square  miles  over  which  the  tide 

ebbs  through  the  entrance  between  Galveston  island  and  Boli- 
;ula.  Of  this  area  it  is  estimated,  although  somewhat  imper- 
it  the  two  channels,  Galveston  and  Bolivar,  into  which  the 
is  divided  by  Pelican  island  and  spit,  and  the  immense  shoal 
a,  su])i)ly  resi)ectively  58.08  and  390.44  square  miles,  the  former 

southwest,  and  the  latter  northeast  of  Pelican  island,  and  th^. 
•hart  F)  approximately  determined  as  the  line  along  which  the 
these  channels  commingle  and  sei)arate  at  flood  and  ebb  tides. 
\o  channels  unite,  their  axes  intersecting  nearly  at  right  angles, 
I  the  line  joining  the  oi)posite  points  of  Galveston  island  and 
^ninsula.  P>olivar  channel  has  a  cross-section  of  109,505.55 
t ;  is  a  short,  direct,  and  the  main  communication  between  the 
l)ay;  while  Galveston  channel,  from  its  small  cross-section, 
quare  feet,)  circuitous  form,  and  the  direction  of  the  current  at 

referred  to  Bolivar  channel  and  the  coast  line,  is  naturally  of 
importance.  The  inner  bar,  extending  across  this  latter  chan- 
unction  with  Bolivar,  is  a  deposit  consisting  of  a  stratum  three 

of  exceedingly  line  sand,  resting  ui)on  a  stratum  of  very  fine 
mall  fragments  of  shells,  mixed.  The  harbor  proper  obstructed 
•  is  0,000  yards  long  and  only  250  yards  wide,  measured  within 

curve,  affording  to  ships  of  12-feet  draught  very  scant  space 
?  about. 

itained  by  borings  made  to  as  great  a  depth  as  practicable 
leans  at  hand,  from  seven  to  eighteen  feet  below  the  surface  of 
water,  (chart  E,  borings  E,  G,  H  and  I,)  the  surface  and  sub- 
it  the  entrance  to  the  harbor  are  (H)mi)osed  of  very  tine  sand, 
northwest  end  ot  Pelican  island  clay  Avas  found  at  an  average 
)  feet,  the  surface  stratum  being  composed  principally  of  very 
lixed  with  a  small  quantitv  of  sand. 

G.  B.  McClellan,  in  his  report  of  April  18,  1853,  (Ex.  Doc, 
•ai-t  2,  vol.  1,  p.  500,)  states  that  "the  bottom  of  the  gulf  along 
[Texas)  coast  dee])ens  very  gradualh%  and  is  of  sand  until  you 
L^X^th  of  about  seven  and  a  half  fathoms,  where  blue  clay  is 

comparison  of  the  various  charts  of  this  harbor,  above  men- 
l  from  informaticm  obtained  of  the  best  informed  pilots  and 
Galveston,  it  appears  that  important  changes,  according  with 
lowu  change  in  the  character  of  the  channels  along  this  entire 
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eoast,  have  been  in  progress  at  the  moutli  of  Galveston  cbaniiel  since 
about  1841.  At  that  time  (chart  H)  the  water  had  a  uniform  depth  of  30 
feet  from  the  wharves  at  Galveston,  through  Galveston  and  Bolivar  chan- 
nels, till  it  commenced  shoaling  at  the  outer  bar,  upon  which  then,  as 
now,  its  depth  in  the  channel  was  12  feet.  If  charts  B  and  H,  be  compared, 
it  will  appear  that  the  noitheast  end  of  Galveston  island  has  been  cut 
away  about  1,100  yards,  and  that  a  dei)osit,  comprising  the  inner  bar, 
has  been  formed,  extending  from  the  point  X,  (chart  H)  near  the  former 
end  of  the  island,  across  the  channel  and  upon  the  shoal  on  its  other 
side,  embracing  Pelican  spit,  wiiich  was  not  visible  above  the  surface  of 
the  water  in  1841.  The  questionable  accuracy  of  chart  H  has  caused 
considerable  doubt  regarding  the  actual  occurrence  of  changes  so  exten- 
sive as  these.  It  is  dispelled,  however,  by  information  obtained  of  the 
citizens  of  Galvest^m,  several  of  whom  state  that  within  their  recollection 
the  water  has  been  30  feet  deep  where  the  inner  bar  now  is.  The  north- 
east extremity  of  Galveston  island  has  been  washed  away  about  one-half 
a  mile,  and  Pelican  sjnt  has  appeared  above  the  surface  of  the  water. 

Lieuteimnt  W.  H.  Stevens,  formerly  of  the  corps  of  engineers,  in  his 
report  of  Sei)tember  30, 1853,  on  Galvest^>n  bar,  (Ex.  Doc,  18o3-'54,  i)art 
2,  vol.  1,  p.  500,)  states  that  "the  channel  between  Peliciin  shoal  and  the 
east  end  of  Galveston  island  is  filling  ui>.  Where  30  feet  was  found 
in  1841,  there  is  now  but  12.  This  filling  up  seems  to  be  due  to 
the  cutting  away  of  the  east  end  of  the  island  by  the  southeasters ;  the 
point  once  extended  to  the  south  buoy." 

This  filling  up  was  first  observed  in  1843,  when  the  pilots  reported  that 
"a  lum]>"  was  forming  in  Galveston  channel,  near  its  junction  with  Boli- 
var. This  deposit,  I  have  been  informed,  increased  very  steadily  and 
uniformly  until  September,  1854,  when  tlie  depth  of  wat^r  on  it  had 
diminished  to  about  10  feet.  In  that  month  a  violent  storm  cut  away 
its  crest,  making  a  channel  across  it  15  feet  in  depth.  From  the  survey 
of  Lieuteimnt  McGregory,  (chart  G,)  it  appears  that  this  depth  dimin- 
ished only  one  foot  during  the  next  11  years,  there  being,  according  to 
that  chart,  14.J  feet  of  water  on  the  inner  bar  in  1805.  Early  in  1807, 
Sub- Assistant  Boyd,  United  States  coast  survey,  found  only  Di  feet  of 
w^ater  there  at  mean  low  tide,  its  present  dei)th  ;  from  this  it  appears  that 
a  deposit  4^  feet  thick  was  formed  during  1800.  Obstructions  were  intro- 
duced by  the  rebels  in  1803  along  the  lines  A  B,  and  C,  D,  E,  (chart  B.) 
In  the  former  locality  they  consisted  of  three  rows  of  piles,  20  inches  in 
diameter,  extending  tuaoss  the  channel  between  A  B.  The  piles  were 
12  feet  distant  in  each  row,  and  the  rows  six  feet  apart.  Each  of  the 
rows  supported  a  large  chain,  its  ends  being  anchored  to  large  nm^ssesof 
railroad  iron  sunk  in  the  sand  at  B,  and  in  a  crib  in  four  feet  of  w  ater  at 
A.  These  piles  were  all  removed  within  two  years  after  their  introduc- 
tion, through  the  agency  of  worms,  and  partially  by  mechanical  means. 
The  crib,  filled  with  iron  and  bricks,  still  remains.  Along  the  line  C,  D, 
E,  ai)proximately,  14-inch  piles  were  driven  in  triangular-shaped  gix)ups 
of  three.  The  piles  in  each  group  were  driven  in  juxtaposition,  and  the 
groups  were  20  feet  apart.  An  interval  of  00  feet  was  left  between  the 
groups  in  the  deei)est  water.  These  pil(\s,  with  but  a  few  exceptions, 
have  long  since  been  removed  by  the  worms. 

Some  information  which  I  have  obtained  would  seem  to  indicate  that 
the  shoal  between  Galveston  and  Bolivar  channels  has  been  gradually 
increasing,  and  thus  filling  up  the  harbor  for  many  years  past.  It 
api)ears  that  in  1841  (Note,  chart  II)  Galveston  channel  was  305  yanls 
w  ide,  measured  from  the  ends  of  the  wharves  to  the  12-feet  curve  on  the 
other  side;  while  at  present  its  width,  measured  between  the  siime 
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l>oints,  is  only  250  yards.  Moreover,  it  is  said  by  the  citizens  in  Galves- 
ton that  Pelican  island  has  appeared  above  the  snrface  of  the  water 
\vithin  the  present  centnry.  A  comparison,  however,  of  the  cross-sections 
of  Bolivar  and  Galveston  channels,  taken  on  the  lines  A  B  and  C  D, 
(chart  C,)  slio  ws  that  the  (rross-sections  of  the  former  channel  have  increased 
12,G51>.35  square  feet,  and  that  of  the  latter,  3,705.4  square  feet  since  1851. 
The  increase  in  width  of  the  two  channels  on  those  lines  during  the  same 
time,  is  respectively,  580  and  313  yards.  It  thus  appears  that  the  cross- 
section  of  Bolivar  channel  has  increased  in  the  greater  ratio,  and  that 
Galveston  channel,  near  its  mouth,  is  becoming  wider  and  more  shallow. 
On  chart  O  it  will  be  seen  that  this  increase  in  width  is  gained  by 
encroachment  on  Pelican  spit,  which,  since  1851,  has  moved  parallel  to 
itself  about  500  yards  nearer  Pelican  island,  retaining  very  nearly  its 
original  size  and  form.  The  change  in  this  island  is  so  peculi«ar  that  it 
was  at  lirst  thought  it  might  have  been  incorrectly  located  in  the  original 
siu'vey ;  but  a  re-survey  of  its  present  shore  line  (traced  in  yellow  on 
chart  C)  made  last  month,  and  compared  with  the  survey  of  it  made 
e^rly  in  1807,  showing  that  the  change  is  still  in  progress,  proves  that  it 
has  actually  occurred.  This  change  since  1807  in  the  eastern  shore-line 
of  the  island  was  produced  principally  dunng  a  violent  easterly  gale  in 
October  last.  It  was  one  of  the  most  severe  ever  witnessed  in  Galves- 
ton ;  the  wind  rose  in  the  southeast  and  giadually  shifted  to  the  north- 
e.ast,  in  which  quarter  it  abated ;  the  water  accumulated  in  the  harl)or, 
rising  to  the  height  of  two  feet  in  the  streets  three  blocks  from  the 
wharves ;  ships  Of  100  tons  were  driven  up  between  the  w  harves  and  left, 
after  the  subsidence  of  the  gale,  above  the  low- water  mark.  On  Pelican 
spit  the  wharf  and  fill  the  buildings  were  swept  away.  This  encroach- 
ment on  the  eastern  shore  of  this  island,  it  is  probable,  is  also  partially 
caused  by  the  currents  during  ordinary  flood-tides  which  then  flow 
dirci  tly  towards  it,  and  are  by  it  deflected  into  the  two  channels  (chart  E.) 
At  ebb  tide  a  deposit  is  probably  made  on  its  west  shore  in  consequence 
of  the  diminution  which  occurs  in  the  velocity  of  the  water  covering  the 
shoal  between  it  and  Pelican  island.  On  this  shoal  the  water  is  from  18 
to  150  inches  deep  at  high  tide ;  the  bottom  is  in  many  places  muddy  and 
covered  with  a  growth  of  marsji  grass.  This  attrition  and  accretion 
appear  to  be  exactly  compensating,  and  thus  to  account  for  the  change 
in  the  location  of  the  island.  By  comparing  along  the  line  C,  D,  (chart 
€,)  the  present  position  of  the  18, 12,  and  0-feet  curves,  and  of  the  shore- 
line of  Galveston  island,  with  their  positions  in  1851,  it  will  be  seen  that 
at  this  point  Galveston  channel  has  shifted  from  Galveston  island 
towards  Pelican  spit.  This  change  in  the  position  of  this  channel  is  con- 
sidered very  injurious,  inasmuch  as  it  brings  its  mouth  still  more  at  vari- 
ance with  the  general  direction  of  the  ebb  and  flood  currents  in  Bolivar 
channel  and  along  the  coast,  thereby  diminishing  the  velocity  and  scour- 
ing force  of  iti^  own  currents,  and  increasing  the  agencies  which  it  is 
thought  produced  the  inner  bar. 

In  consequence  of  the  limited  time  allotted  to  the  survey,  the  extreme 
irregularity  of  the  tides  and  currents  which  are  almost  wholly  dependent 
upon  the  strength  and  direction  of  the  wind,  and  the  want  of  facilities 
for  taking  them  simultaneously  at  the  different  stations,  the  current 
observations  are  not  as  numerous  or  satisfactory  as  desirable.  Enough, 
however,  have  been  made  to  determine  the  direction  and  relative  velo- 
city of  the  currents  at  the  most  important  points. 

The  following  are  the  results  obtained  by  taking  a  mean  of  all  the 
observations  made  during  each  of  the  first  three  quarters  of  the  flood  and 
ebb  tides  along  the  lines  A,  B,  C,  and  P,  O,  N,  M,  in  Galveston  and 
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Bolivar  channels,  respectively,  and  along  the  lines  D,  E,  F,  and  J,  K, 
L,  jnst  without  the  entrance  to  the  harbor.  The  velocities  are  expressed 
in  statute  miles  i)er  hour,  (chart  E.) 

On  line  A,  B,  C. 

Velocity  of  current  at  surface,  1st  quarter,  flood  tide 0. 85 

Velocity  of  current  at  surl'ace,  2(1  quarter,  flood  tide 1. 433 

Velocity  of  current  at  surface,  3d  (luarter,  flood  tide 0.  51M 

Average  velocity  of  current  at  surface  during  flood  tide 0. 936 

Velocity  of  current  12  feet  under  surface,  1st  (j[uarter,  flood  tide  0.  7 

Velocity  of  ciurent  12  feet  under  surface,  2d  quarter,  flood  tide.  1.5 

Velocity  of  current  12  feet  luider  surface,  3d  quarter,  flood  tide.  0.2 
Average  velocity  of  current  12  i'cet  under  surface,  (luring  flood 

tide  ; 0. 8 

Velocity  of  current  9  feet  under  surface,  1st  quarter,  flood  tide . .  0. 4 

Velocity  of  current  0  feet  under  surfa(»e,  2d  quarter,  flood  tide. .  0. 3 

Velocity  of  current  0  feet  under  surface,  3d  quarter,  flood  tide. .  0. 1 
Averjige  velocitv  of  current  9  feet  under  surface,  during  flood 

tide \ 0. 206 

Mean  velocity  of  cross-section  A,  B,  C,  during  flood  tide 0.  667 

Velocity  of  current  at  surface,  1st  quarter,  ebb  tide 0. 92 

Velocity  of  current  at  surface,  2d  quarter,  ebb  tide 2. 35 

Velocity  of  current  at  surface,  3d  (piarter,  ebb  tide 0. 366 

Average  velocity  of  current  at  surface  during  ebb  tide 1.  212 

Velocity  of  current  9  feet  under  surface,  3d  quarter,  ebb  tide. . .     0.  266 

Velocity  of  current  12  feet  under  surface,  2d  quarter,  ebb  tide. .       .  23 
Velocity  of  current  12  feet  under  surface,  3d  (luarter,  ebb  tide . .     1. 925 

Mean  velocity  of  cross-section  A,  B,  C,  during  ebb  tide 1. 126 

Observations  on  line  P,  O,  N,  M. 

Velocity  of  current  at  surface,  1st  quarter,  flood  tide 2.  375 

Velocity  of  current  at  surface,  2d  quarter,  flood  tide 1. 3625 

Velocity  of  current  at  surface,  3d  (piarter,  flood  tide 0.  G8 

Average  velocity  of  current  at  surface  during  flood  tide 1.  4725 

Velocity  of  current  at  surface,  1st  quarter,  ebl)  tide 0.  925 

Velocity  of  current  at  surface,  2d  quarter,  ebb  tide. 2.  35 

Velocity  of  current  at  surface,  3d  (juarter,  ebb  tide 1.  45 

Average  velocity  of  current  at  surface  during  ebb  tide 1. 575 

OhHervations  on  line  J,  K,  L. 

Velocity  of  current  at  surface,  1st  quarter,  flood  tide 0.  4 

Velocity  of  current  at  surtace,  2d  quarter,  flood  tide 1.  7 

Velocity  of  current  at  surface,  3(1  quarter,  flood  tide 1.  63 

Average  velocity  of  current  at  surface  during  flood  tide 1.  243 

Velocity  of  current  at  surface,  1st  qiuirter,  ebb  tide 0.  53 

Velocity  of  curn^it  at  surface,  2d  (piarter,  ebb  tide 1.  7 

Velocity  of  current  at  surface,  3d  (puirter,  ebb  tide 0. 8 

Average  velocity  of  current  at  surface  during  ebb  tide 1.  01 
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Observations  on  line  D,  E,  F,  G. 

Velocity  of  cuiTeiit  at  siirftice,  1st  quarter,  flood  tide 0.  86 

Velocity  of  current  at  surface,  2d  ijuarter,  flood  tide 1.  4 

Avera^ije  velocity  of  current  at  surface  during  Hood  tide 1. 13 

Velocity  of  current  at  surface,  2d  quarter,  ebb  tide 0.  7 

Velocity  of  current  at  surface,  3d  quarter,  ebb  tide 0.  (>5 

Average  velocity  of  current  at  surface  during  ebb  tid?. 0.  075 

From  the  above  figures  it  will  be  seen  that  the  relative  surface  veloci- 
ties at  these  four  jioints  during  the  two  tides  are  as  follows : 

Flood  tido.     Ebl)  tide. 

Entrance  to  bay,  (line  J,  K,  L) 1. 243  1.  01 

Bolivar  channel,  (line  P,  O,  N,  M) 1.  4725  1.  575 

Entrance  to  bay,  (line  1),  E,  F,  G) 1. 13  0.  075 

Galveston  channel,  (line  A,  B,  C) 0.  936  1.  212 

From  which  it  appears  that  the  ebb  current  is  more  rapid  than  the 
ii<K>d,  excei)ting  in  the  side  channel  near  the  outer  shore  of  Galveston 
island,  and  that  the  least  velocity  during  flood  tide  is  at  the  entrance  to 
Galveston  channel  near  and  on  the  inner  bar.  In  consequence  of  this 
diminution  of  velocity  at  this  point,  due  to  the  direction  in  wiiich  Gal- 
veston channel  presents  its  mouth,  more  sand  is  probably  dei)osited 
during  the  flood  tide  than  the  scouring  action  of  the  ebb  current  can 
remove,  thus  causing  the  formation  of  inner  bar. 

From  its  location  this  bar  is  but  little  exposed  to  rhe  action  of  heavy 
s(Ms  from  the  gulf,  ami  with  the  remarkable  exception  of  the  gale  in 
8ei>tember,  1854,  which  increased  the  depth  of  water  upon  it  from  10 
to  15  feet,  it  has  been  but  slightly  atfected  by  storms  since  its  for- 
mation. The  most  important  changes  they  produce  are  confined  to 
the  shore-line  in  the  vicinity  of  the  entrance  to  the  harbor,  chiefly  at 
the  northeast  end  of  Galveston  island.  During  the  storm  in  October, 
1867,  a  (channel,  varying  in  width  from  1,100  to  1,650  yards  at  high 
water,  (see  yellow  shore  chart  C,)  and  varying  in  greatest  depth  at 
low  water  from  one  to  two  feet,  was  cut  across  this  island  at  a  distance 
of  1,000  yards  from  its  northeast  extremity,  while  the  gulf  shore- 
line of  the  portion  thus  isolated  receded  about  80  yards.  But  no  per- 
ceptible change  was  produced  in  the  bar  itself.  From  the  report  of  Lieu- 
tenant Stevens,  the  statenuMits  of  citizens  of  Galveston  and  chart  C,  it 
ai>pears  that  the  narrow  body  of  land,  about  2,300  yards  in  IcMigth,  run- 
ning nearly  north  and  south  and  constituting  the  northeast  extremity  of 
Galveston  island,  has  been  gradually  washing  away  under  the  action  of 
easterly  storms  for  many  years.  By  the  storm  of  October,  1867,  more 
than  one-half  of  this  part  of  the  island  was  converted  into  a  shoal.  And 
I  think  there  is  reason  for  api>rehending  that,  unless  something  is  done 
to  restore  and  preserve  the  original  form  of  the  island  here,  the  remain- 
ing isolated  portion  will  soon  l)e  washed  away;  that  Cralveston  channel 
will  take,  under  the  action  of  seas  from  the  gulf  and  its  ebb  cuiTcnt,  a 
more*  direct  c<)urse  to  the  sea,  bringing  its  mouth  nearer  the  ishnul ;  and 
that  it  will  become  in  consequence  of  its  largely  increased  width  (from 
1,250  to  2,150  yards  between  Pelican  s})it  and  Galveston  island)  even 
more  shallow  than  it  is  at  present  on  the  inner  bar.  Whatever  mode 
of  improvement  is  ultimately  adopted,  I  think  these  changes  should  be 
arrested  and  carefully  guarded  against;  es})ecially  as  the  distance,  two 
and  a  quarter  miles  from  the  12-feet  curve  within  the  harbor  across  the 
island  to  the  12-feet  curve  without,  and  the  width  of  the  new  channel, 
would  seem  to  preclude  the  possibility  of  its  becoming  navigable  for 
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vessels  of  12  feet  draught.  The  distance  across  the  inner  bar  between 
these  curves  is  450  yards. 

Three  different  methods  of  obtaining  and  maintaining  the  requu*ed 
depth  ( 12  feet)  of  water  on  this  bar  i)resen t  themselves, viz :  tirst,  by  increas- 
ing the  volume  of  water  flowing  through  Galveston  channel  diuing  flood 
and  ebb  tide  by  the  introduction  of  two  jetties,  one  extending  from  the 
shoal  east  of  Pelican  spit  northeast  into  Bolivar  channel,  and  the  other 
from  the  northwest  end  of  l*elican  island  north  bv  east  into  the  same 
channel ;  second,  by  introducing  a  dam  at  San  Luis  i)ass  to  increase 
the  reservoir  supplied  and  emptied  through  Galveston  channel,  by  the 
addition  of  that  part  of  West  bay  west  of  Caronkaway  Point ;  third,  hy 
dredging. 

In  compliance  with  your  directions,  I  submit  the  following  detailed 
estimate  of  the  cost  of  improvement  by  each  of  the  first  two  methods: 

IMPROVEMENT  BY  THE  INTRODUCTION  OF  JETTIES. 

The  following  is  a  description  of  a  jetty  for  this  harbor,  which  is 
believed  to  unite  in  the  best  nmnner  economvwith  durabilitv:  When  the 
w  ater  exceeds  about  six  feet  in  depth,  the  jetty  is  to  be  former!  by  con- 
fining blocks  of  concrete  G'x2'x2'  between  two  rows  of  eight-inch 
mangrove  piles,  driven  four  feet  apart  from  center  to  center.  The  dis- 
tance between  the  rows  and  the  consequent  cross-section  of  the  jetty 
will  dei)end,  of  course,  upon  the  depth  of  water.  Each  row  of  piles  is 
to  be  (tapped  with  eight  inch  by  eight-inch  timber  notched  and  spiked 
to  each  pile.  Cross-ties  of  six-inch  by  six-inch  timber  are  to  be  placed 
12  feet  ai)art  from  center  to  center,  «and  notched  and  spiked  at  each  end 
to  the  capping  pieces  of  each  row  of  piles.  Those  portions  of  the  jet- 
ties situated  on  shoals  where  the  water  is  less  than  six  feet  in  depth,  are 
to  be  formed  by  driving  mangrove  piles  six  feet  apart  from  center  to 
centei',  in  two  rows,  about  14  inches  asunder.  The  space  between  theiie 
two  rows  is  to  be  filled  vdt\\  a  tierof  palmerto  logs,  which  average  about 
one  foot  in  diameter  at  the  butt.  Each  row  of  piles  is  to  be  cajiped  by 
six-inch  by  eight-inch  timber,  and  cross-ties  of  the  same  dimensions  are 
to  be  placed  12  feet  apart  and  notched  and  spiked  at  each  end  to  the 
capping  pieces  of  each  row  of  piles.  Mangrove  is  the  best  timl>er  for 
the  piles,  as  it  is  never  attacked  by  worms,  and  will  <iecay  only  after  a 
large  nund)er  of  years.  The  worms  (Teredo  navalh')  will  destroy  a  i>ine 
pile  in  Galveston  harbor  in  about  three  years.  Palmetto  is  considerably 
cheai)er  than  mangrove,  and  as  it  is  only  very  slowly  eaten  by  the 
worms,  may  be  used  to  fill  the  space  between  the  rows  of  piles.  Man- 
gi^ove  piles  30  feet  long  and  palmetto  logs  can  be  delivered  in  Galveston, 
from  Florida,  at  a  respective  cost  of  not  more  than  35  cents  and  25  cents 
per  running  foot. 

The  following  estimates  are  made  for  jetties  of  the  above  description : 

Estinjate  for  jetty  extending  from  the  northwest  end  of  Pelican  ivsland 
into  Bolivar  channel. 

The  site  of  this  jetty  is  indicated  by  the  line  R  T  V,  (chart  E;)  its 
outer  i^nd  is  to  rest  on  the  northwest  extremity  of  the  series  of  shoals  in 
Bolivar  channel ;  and  it  is  designed  to  turn  the  water  flowing  at  ebb 
tide  through  the  channel  between  these  shoals  and  Pelican  island  into 
Galv(\st()n  channel.  The  entire  length  of  the  jetty,  including  the  circular 
jetty  hciid,  50  feet  in  diameter,  will  be  (5,0^0  feet.  The  portion,  2,000  feet 
long,  extending  from  Pelican  island  to  the  point  T  in  eight  feet  of  water 
is  to  be  formed  of  logs,  and  that  portion  between  T  and  V,  4,050  feet 
long,  of  concrete,  as  above  described.  The  comparatively  smofjtli  sea 
found  at  all  times  at  this  point  in  consequence  of  the  protection  aflbrded 
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by  the  surrounding  shoals,  it  is  thought  will  admit  the  extension  of  the 
log  jetty  into  eight  feet  of  water. 

The  character  of  the  substrata  in  this  vicinity  is  exhibited  on  chart 
E  by  borings  ABC  and  D.  Tough,  blue,  or  yellow  clay  is  found  at  an 
average  depth  of  19  feet  below  the  plane  of  mean  low  water.  Along  the 
line  of  the  jetty  from  Pelican  island  1,000  feet  to  the  six-feet  curve,  the 
bottom  is  hard,  consisting  of  a  stratum  of  sand  mixed  with  mud;  the 
proportion  of  mud  increases  with  the  depth  until  the  clay  is  reached. 
From  this  point  to  the  six-feet  curve  at  the  shoal  upon  which  the  jetty- 
head  rest^,  the  bottom  consists  of  a  stratum  of  very  soft  mud — so  soft 
that  a  man  can  easily  push  a  i)ole  into  it  to  the  depth  of  five  or  six  feet; 
but  it  gradually  becomes  harder  Jis  the  depth  increases  until  the  clay  is 
reached.  Along  the  concrete  portion  of  the  jetty  the  depth  of  water 
varies  from  eight  to  12  feet,  and  averages  10  feet.  The  jetty  is  designed 
to  extend  two  feet  above  the  plane  of  mean  high  water. 

In  view  of  the  character  of  the  bottom  and  the  distance  it  will  settle, 
the  average  cross-section  of  the  jetty  is  assumed,  for  the  purpose  of  the 
estimate,  to  be  20  feet  by  20  feet. 

Estimate  for  log  portion  of  jetty,  2fi00  feet  long. 

For  334  mangrove  piles,  25  feet  long,  (for  first  1,000  feet  from 

Pelican  island,)  at  35  cents  per  running  foot $2, 922  50 

For  334  mangrove  piles,  30  feet  long,  (for  second  1,000  feet 

from  Pelican  island,)  at  35  cents  per  running  foot 3, 507  00 

For  driving  608  piles,  at  $2  per  pile 1, 330  00 

For  20,000  running  feet  palmetto  logs,  at  25  cents 6, 500  00 

For  putting  in  position  1,300  palmettf>  logs,  20  feet  long, 

(20,000  running  feet,)  at  $1  per  log 1, 300  00 

For  18,340  feet  (board  meiusure)  of  G-inch  by  8-inch  timber  for 

capping  pieces  and  cross-ties,  at  $25 458  50 

For  505  pounds  of  8-inch  spikes,  at  10  cents 50  50 

For  cutting  and  fitting  capping  and  cross-ties,  at  50  cents 

per  pile 334  00 

Cost  of  log  j)ortion  of  jetty ........  JO,  414  50 

Estimate  of  cost  of  one  cubic  yard  of  concrete  formed  in  blocks^  six  feet 

by  two  feet  by  two  feet ,  and  laid  in  jetty, 

MATERIALS. 

For  1,724  barrels  cement,  at  $4  per  barrel $6, 896  00 

For  3,448  barrels  sand,  at  20  cents  per  barrel 689  60 

For  2,46t  barrels  shells,  at  24  cents  per  barrel 692  08 

Total  cost  of  materials  for  one  cubic  yard -  •  •  •  •     ^)  177  6S 

Estimated  cost  of  labor  required  to  make  one  cubic  yard,  in- 
cluding services  of  carpenter,  at  $2  75,  in  manufacturing 
molds,  and  cost  of  rations,  at  45  cents,  and  allowing  12 
laborers^  at  $1  25,  and  one  foreman,  at  $3,  to  make  12 
blocks  six  feet  by  two  feet  by  two  feet,  per  day ....  -     2, 536  00 

Cost  of  one  cubic  yard  ready  for  jetty 10,  713  68 

Estimated  cost  of  transiwrting  from  Pelican  spit,  and  putting 
one  cubic  yard  in  ijosition  in  jetty,  including  rations  of 
employes  and  expense  of  tug,  at  $(yb  per  day 581  00 

Total  cost  of  one  cubic  yard  laid  in  jetty 11, 294  68 

33  w— Part  II  " 
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In  the  above  estimate  the  quantity  of  mortar  required  was  determined 
by  accurately  ascertaining  the  void  space  in  one  cubic  yard  of  the  shells 
to  be  used.  They  are  clam-shells,  and  I  think  a  sufficient  quantity 
(250,000  barrels)  for  the  two  jetties  can  be  procured  in  the  vicinity  of 
the  mouth  of  the  San  Jacinto  river.  At  the  mouth  of  Goose  creek  (see 
chart  F)  is  a  bank  containing  about  125,000  barrels,  accessible  with  a 
vessel  of  four  feet  draught.  The  proprietor  will  deliver  them  in  Gal- 
veston at  24  cents  per  barrel.  Several  smaller  banks  are  in  its  vicinity. 
Twenty  cents  per  barrel  is  the  probable  cost  of  excavating  the  sand  in 
Pelican  spit,  where  the  conci*ete  will  be  made.  It  is  very  doubtful  if 
enough  sufficiently  coarse  for  mortar  can  be  found  there;  should  beacli 
sand  from  Bolivar  peninsula  or  Galveston  island  be  used,  the  cost  of 
concrete  per  cubic  yard  will  somewhat  exceed  the  above  estimate. 

Estimate  for  concreU  portion  of  jetty  ^  4,650 /e^  long. 

For  2,340  mangrove  piles,  30  feet  long,  at  35  cents  per  run- 
ning foot $24, 570  00 

For  driving  2,340  piles,  at  $2  per  pile 4, 680  00 

For  49,067  feet  (board  measure)  8-inch  by  8-inch  timber  for 

for  capping,  at  $25 1, 226  67 J 

For  26,4^  feet  (board  measure)  6-inch  by  6-inch  timber,  for 

cross  ties,  at  $25 661  20 

For  1,882  ]K)unds  10- inch  spikes,  for  capping,  at  10  cents. .  188  20 

For  433  pounds  8-inch  spikes,  for  cross- ties,  at  10  cents ...  43  30 
For  cutting  and  Uttiug  capping  and  cross-ties,  at  60  cents 

per  pile 1, 170  00 

32, 539  37i 
For  69,602.59  cubic  yards  of  concrete,  at  $11.299 786, 439  66^ 

Cost  of  concrete  portion  of  jetty 818, 979  04 

Cost  of  log  portion  of  jetty 16, 414  50 

Total  cost  of  jetty  at  Pelican  island 835, 393  54 


Estimate  for  jetty  on  €hoal  east  of  Pelican  spit. 

The  site  of  this  jetty  is  indicated  by  the  line  X  Y  Z,  (chart  E.)  It  is 
designed  to  increase  the  volume  of  water  flowing  through  Galveston 
channel  at  flood-tide.  Its  entire  length,  including  the  circular  jetty- 
head  at  Z,  will  be  3,700  feet.  The  first  1,600  feet,  extending  from  the 
point  X  to  Y  in  five  feet  of  water,  are  to  be  formed  of  logs ;  the  other 
2,100  feet,  of  concrete.  Along  the  log  portion  the  depth  of  water 
averages  about  five  feet,  along  the  concrete  portions  it  varies  from  5 
to  12,  and  averages  8  feet.  The  bottom  and  underlying  strata,  to  as 
great  a  depth  as  could  be  reached  with  the  boring  apparatus,  18  feet 
below  the  plane  of  mean  low  water,  are  composed  of  very  fine  sand 
mixed  occasionally  with  mud  and  clay,  (chart  E,  borings  G  and  H.) 

Because  of  the  much  heavier  seas  which  reach  this  point  from  the 
Gulf  this  jetty  is  made  somewhat  wider,  and  to  extend  further  abov^  the 
plane  of  ordinary  high  water  than  the  jetty  above  Pelican  island.  In 
making  the  estimate  the  average  cross-section  of  the  concrete  portion  is 
assumed  to  have  a  base  of  24  feet  and  a  height  of  16  feet.  At  its  outer 
extremity  is  to  be  a  circular  jetty-head  50  feet  in  diameter. 
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Estimate  for  log  portion  of  jetty,  l^QOO  feet  long. 

For  534  mangrove  piles,  25  feet  long,  at  35  cents  per  run- 
ning foot $4, 672  50 

For  driving  534  piles,  at  $2  per  pile 1, 068  00 

For  19,200  running  feet  palmetto  logs,  at  25  cents 4, 800  00 

For  putting  in  position  960  logs,  20  feet  long,  (19,200  running 

feet,)  at  $1  per  log. 960  00 

For  14,664  feet  (board  measure)  6-incli  by  8-incli  timber,  for 

capping  and  cross-ties,  at  $25 366  60 

For  cutting  and  fitting  capping  and  cross-ties,  at  50  cents  jier 

pile 267  00 

For  377  pounds  8-inch  spikes,  for  capping  and  cross-ties,  at 

10  cents 37  70 

Cost  of  log  portion  of  jetty 12, 171  80 

Estimate  for  concrete  portion,  2,100  feet. 

For  1,065  mangrove  piles,  30  feet  long,  at  35  cents  per  run- 
ning foot $11, 182  50 

For  driving  1,065  piles,  at  $2  per  pile 2, 130  00 

For  22,144  feet  (board  measure)  8-incli  by  8-inch  timber, 

for  capping,  at  $25 553, 60 

For  14,364  feet  (board  measure)  6-inch  by  6-inch  timber, 

for  cross-ties,  at  $25 359  10 

For  750  pounds  10-inch  spikes,  for  capping,  at  10  cents 75  00 

For  193  pounds  8-inch  spikes,  for  cross-ties,  at  10  cents. . .  19  30 

For  cutting  and  fitting  capping  and  cross- ties,  at  50  cents 

per  pile • 532  50 

For  30,755.64  cubic  yards  of  concrete,  at  $11.299 347, 507  97J 

Cost  of  concrete  portion  of  jetty 362, 359  97J 

Cost  of  log  portion  of  jetty 12,  111  80 

Total  costof  jetty  at  Pelican  spit 374, 471  77J 

As  Pelican  spit  is  much  more  readily  accessible  with  vessels  of  from 
six  feet  to  twelve  feet  draught  than  Pelican  island,  it  is  selected  for  the 
reception  and  preparation  of  material  from  which  it  may,  when  ready,  be 
towed  to  the  two  jetties.  A  wharf  275  feet  long,  and  temporary  quarters 
for  the  accommodation  of  100  men,  will  be  required  there.  The  steam  pile- 
driver  to  be  used  should  contain  a  force-pump  for  use  where  the  bottom 
is  of  sand.  The  method  of  forcing  down  piles  in  sand  with  a  pump  has 
been  almost  exclusively  and  very  successfully  adopted  at  Galveston. 

Estimate  of  aggregate  cost  of  improvement  by  introduction  of  jetties. 

For  jetty  at  Pelican  island,  as  estimated  above $835, 393  54 

For  jettv  at  Pelican  spit,  as  estimated  above 374, 471  77^ 

For  wharf  at  Pelican  spit 5, 50Q  00 

For  temporary  quarters  on  Pelican  spit 3, 000  00 

For  steam  pile-driver  with  pump 2, 500  00 

For'four  scows,  at  $1,000  each. 4, 000  00 

For  tools,  implements,  hawsers,  ropes,  &c 2, 000  00 

For  unforseen  and  contingent  expenses 73, 134  68J 

Grand  aggregate 1, 300, 000  00 
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IMPR0VE3IENT   BY   THE  INTRODUCTION    OF  A  DAM   AT  SAN    LUIS  PASS. 

The  object  of  introducing  this  dam  is  to  increase  the  reservoir  sup- 
plied at  flood  tide  through  Galveston  channel  by  the  addition  of  that 
part  of  West  bay  west  of  Caronkaway  point,  over  which  the  tide  now 
floods  and  ebbs  through  San  Luis  Pass. 

The  following  calculations,  made  to  determine  the  volume  of  water  flow- 
ing through  Galveston  channel  at  cross-section  CD  (chart  C)  duringa  flood 
.or  ebb  tide,  with  their  results,  are  submitted:  Area  of  cross-section  CD 
i(38,235.9  square  feet)  by  its  mean  velocity  per  hour  at  flood-tide  (352  feet) 
by  duration  of  flood-tide  (eight  hours)  equal  1,077,261,305  cubic  feet. 

Area  of  same  cross-section  by  its  mean  velocity  i>er  hour  at  ebb-tide  (599 
feet)  by  duration  of  ebb-tide,  (eight  hours,)  equal  1,831,505,727  cubic  feet. 

Present  area  (58.68  square  miles)  of  the  reservoir  of  Galveston  chan- 
nel (in  square  feet)  by  mean  rise  and  fall  of  tide  (1.1')  equal  1,799,494,963 
cubic  feet. 

These  calculations  are  quite  enough;  eight  hours  is,  aecording  to  the 
C  T  chart,  the  mean  duration  of  flood-tide  for  the  moon's  declination  at 
the  time  the  current  observations  were  taken. 

The  area  of  that  part  of  West  bay  west  of  Caronkaway  Point  is  36.86 
square  miles.  By  its  addition  the  area  of  the  reservoir  of  Galveston 
channel  will  be  increased  from  58.68  square  rnile^  to  95.54  square  miles. 
The  estimated  increase  which  will  thus  be  gained  in  the  volume  of  water 
that  flows  through  Galveston  channel  at  cross-section  C  D  during  ea(!h 
^bb  or  flood  tide  will  be  1,130,357,606  cubic  feet.  It  is  estimated  that 
the  mean  velocity  at  this  cross-section  diu'ing  flood-tide  will  be  inci-eased 
^om  0.667  to  J.085  miles  per  hour. 

The  site  selected  for  the  dam  is  indicated  by  the  red  line  C  D  E  H  F  G, 
(chart  F.)  The  entire  length  of  the  dam  will  be  2,290  yards.  Along  the 
1.650  yards  of  the  dam,  which  lie  between  the  points  C  and  H  and 
tne  points  F  and  G,  the  bottom  is  bare  at  very  low  water.  Along  the 
remaining  portion,  640  j^ards  long,  between  H  and  F  the  water  has  a 
maximum  depth  of  11  feet,  but  its  average  depth  is  about  six  feet.  (See 
survey  of  1853,  chart  F.) 

The  estimate  which  follows  is  made  for  a  dam  constructed,  like  the 
jetties,  of  piles  and  concrete. 

The  cross-section  of  that  portion,  1,650  yards  long,  on  the  shoal,  is 
assumed  to  have  a  base  of  eight  feet  and  an  altitude  of  six  feet,  and  of 
that  portion,  640  yards  long,  across  the  channel,  a  base  of  16  feet  and 
An  altitude  of  12  feet. 

Estimate  for  daniy  2,290  yards  long^  at  San  Luw  Pa^ss. 

For  3,435  mangrove  piles,  25  feet  long,  at  35  cents  per  run- 
ning foot $30, 056  25 

For  driving  3,435  piles,  at  $2  per  pile 6, 870  00 

For  73,280  feet  (board  measure)  8-inch  by  8-inch  timber,  for 

capping,  at  $25 1, 832  00 

For  21,975  feet  (board  measure)  6-inch  by  6-inch  timber,  for 

cross-ties,at  $25. . . \ 549  37 

For '2,418  pounds  lO-iuch  spikes,  for  capping,  at  10  cents. .  241  80 

For  645  pounds  8-inch  spikes,  for  cross-ties,  at  10  cents 64  50 

For  cutting  and  fitting  capping  and  cross-ties,  at  50  cents 

l)er  pile 1,  717  50 

For  224,533  cubic  yards  of  concrete,  at  $11.299 253, 699  84 

Total  for  dam 295, 031  26 
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Aggregate  cost  of  improvement  by  introduction  of  dam. 

For  wharf  on  Galveston  island $G,  000  00 

For  quarters  on  Galveston  island,  for  the  accommodation 

of  100  men 3, 000  00 

For  one  steam  pile-driver  with  pump 2, 500  00 

For  four  scows,  at  $1,000  each 4, 000  00 

15, 500  00 

For  tools^  implements,  hawsers,  ropes,  &c .' 2, 000  00 

Estimate  for  dam  itself 295, 031  26 

For  unforseen  and  contingent  exi)enses 17, 408  74 

Aggregate 330, 000  00 


The  above  estimates  of  the  cost  of  improvement  by  the  dam  and  jetty 
systems  are  submitted  simply  to  convey,  as  accurately  as  possible  with 
the  data  in  possession,  an  idea  of  the  great  expense  which  the  deepening 
of  the  channel  across  the  bar  by  the  introduction  of  any  works  in  the 
harbor  would  involve. 

It  is  quite  possible  that  either  method  of  improvement,  especially  that 
by  jetties,  by  far  the  most  expensive  and  hazardous,  would  involve  the 
construction  of  a  breakwater  about  1,800  yards  long  along  the  northeast 
extremity  of  Galveston  island,  to  prevent  the  increased  volume  of  water 
thrown  through  Galveston  channel  at  ebb-tide  from  flowing  across  that 
part  of  the  island  in  taking  its  most  direct  course  to  the  Gulf. 

The  result  of  the  storm  of  October  last  seems  to  indicate  that  the 
injurious  changes  in  progress  at  the  northeast  extremity  of  Galveston 
island  should  be  arreste<l,  and  the  original  form  of  the  island  at  this 
I>oint  restored  by  some  such  means  a.s  the  introduction  of  groins,  in  order 
that  even  the  present  depth  of  water  on  the  bar  at  the  mouth  of  Gal- 
A'eston  channel  may  be  preserved  by  thus  contiuing  the  channel  to  its 
present  width. 

Should  the  third,  and  by  far  the  least  expensive,  method  of  dredging 
be  resorted  to,  there  will  be  5,470  cubic  yards  of  sand  to  remove  iu  cut- 
ting a  channel  80  feet  in  width  and  12  feet  deep  across  the  bar. 

Respectfully  submitted. 

'  W.  S.  STAls'TON, 

Lieutenant  Corps  of  Engineers, 

Brevet  Brigadier  General  M.  D.  McAlester, 

Major  Corps  of  Engineers,  New  Orleans^  Louisiana. 


I  A. 

Washington,  D.  C,  May  22, 1868. 

General  :  Your  letter  of  the  14th  of  February  last,  addressed  to  me  at 
Key  West,  Florida,  and  inclosing  copies  of  a  communication  of  the  chair- 
man of  the  Committee  of  Commerce  of  the  Senate  of  the  United  States, 
and  of  petitions  from  the  citizens  ot*  Key  West,  in  reference  to  the  expe- 
diency of  deepening  the  northwest  channel  leading  from  the  harbor  of 
Key  West  to  the  GiSf  of  Mexico,  and  directing  me  to  make  the  necessary 
examination  and  rei)ort  upon  the  same,  I  had  the  honor  to  acknowledge 
on  the  28th  of  the  same  mouth,  and  then  stated  that  the  examinations 
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would  be  made  atid  the  report  forwarded  at  the  earliest  practicable 
moment. 

Your  letter  of  iristnictions  does  not  direct  me  to  give  my  views  of  the 
importance  of  opening  the  northwest  channel  to  vessels  of  greater 
draught  than  can  now  pass  through  it,  but  I  think  it  proper  to  state  in 
brief  that  I  fully  concur  with  the  petitioners  in  all  they  say  with  regard 
to  the  great  importance  to  the  country  in  a  military,  naval,  commercial, 
and  social  point  of  view,  of  opening  the  channel  to  the  depth  of  18  feet, 
so  as  to  pennit  vessels  of  considerable  draught  to  avoid  the  circuitous 
and  dangerous  navigation,  naturally  incident  to  a  route  along  the  reef 
between  Key  West  and  the  Drj^  Tortugas,and  the  ports  of  New  Orleans, 
Mobile,  Pensacola,  Tampa  Bay,  and  Charlotte  harbor.  A  good  deal 
might  be  said  on  this  subject,  but  as  the  petitioners  have  sufficiently  set 
forth  the  advantages  of  the  proposed  improvement,  I  shall  now  proceed 
to  report  upon  the  practicability  of  the  project. 

The  surveys  ordered  by  you  I  have  had  made  by  my  assistant,  Lieuten- 
ant William  R.  Liv'ermore,  corps  of  engineers,  and  the  results  would 
have  been  communicated  long  ere  this  had  not  the  chief  difficulty  been 
in  the  ascertainment  of  the  exact  depth  of  the  channel,  which  the  winds 
and  almost  constant  swells  of  the  sea  have  prevented  until  a  late  date, 
and  which  I  could  now  wish  had  been  made  more  thoroughly;  though  I 
have  every  confidence  that  the  results  obtained  are  sufficiently  accurate 
to  predicate  a  project  of  work  and  a  reliable  estimate. 

Submitted  with  this  report  is  the  report  of  Lieutenant  Livermore  with 
a  maj)  of  his  survey  of  the  channel  and  the  soundings;  also,  on  the 
same  sheet,  a'  sketch  showing  the  relation  the  channel  bears  to  Key 
West,  and  also  a  sketch  showing  the  relative  adv^antages  in  regard  to 
distance  of  the  northwest  channel  at  present  admitting  vessels  drawing 
not  more  than  12  feet,  over  the  circuitous  course  now  taken  by  vessels 
drawing  more  than  that  depth,  navigating  between  the  ports  of  New 
Orleans,  Mobile,  and  other  Gulf  ports,  and  Key  West,  Havana,  and  our 
northern  ports. 

The  channel,  it  will  be  noticed,  lies  to  the  northwest  of  Key  West  and 
about  eight  miles  distant,  and  the  examinations,  by  borings  and  the  use 
of  the  dredge-boat  belonging  to  Fort  Taylor,  show  that  for  a  breadth  of 
300  feet,  the  proposed  width  of  the  channel,  and  throughout  its  whole 
length  of  9,000  feet  (the  interval  between  the  extreme  southernmost 
point  and  the  extreme  northernmost  point  of  the  dredging  necessary  to 
attain  a  maximum  dei)th  of  18  feet)  the  character  of  the  bottom  to  be 
excavated  is  a  rather  fine  compact  coral  sand,  a  specimen  of  which  I 
forwarded  to  you  on  the  7th  instant. 

The  direction  it  is  i^roposed  to  give  the  channel  in  any  excavations 
which  may  be  made  is  that  indicated  on  the  map,  and  is  the  same  which 
nature  has  determined  and  which  the  same  controlling  circumstances 
will  always  materially  tend  to  keep  open  to  a  greater  degree  than  would 
be  the  case  in  any  proposed  new  channel.  In  addition  there  is  no  new 
direction  that  could  be  given  to  the  channel  which  would  not  iinolve  a 
much  greater  amount  of  excavation  and  therefore  of  expense.  To  dredge 
the  present  channel  for  the  proposed  width  of  300  feet  and  length  of 
9,000  feet,  or  for  a  distance  sufficient  to  insure  a  depth  of  18  feet^  and 
give  the  banks  a  slope  of  10  feet  base  to  1  foot  vertical,  will  require  an 
amount  of  excavation  of  about  262,000  cubic  yards;  whereas  to  cut  a 
new  channel  in  as  short  a  direction,  independent  of  the  objection  stated, 
that  the  same  regime  of  existing  circumstances  would  probably  force 
the  wat^r  to  the  old  line  of  channel,  the  excavation  would  amount  to 
about  400,000  cubic  yards. 
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Now  the  question  arises,  supposing  that  the  present  channel  should 
be  excavated  to  the  extent  stated,  is  not  the  character  of  the  bottom 
such  that  the  channel  will  soon  again  fill  up  and  shoal  to  the  depth  it 
now  presents  ! 

The  soundings  recently  made,  compared  with  those  of  previous  years, 
show  that  there  has  already  been  a  slight  deepening  of  the  channel 
from  existing  causes,  and  I  think  the  conformation  of  the  bars,  extending 
as  they  do  from  east  to  west  on  the  northern  side  of  the  area  under, 
view,  also  show,  as  Lieutenant  Li vermore  suggests,  that  the  channel  has 
arisen  from  the  water  breaking  through  or  crowding  these  bars,  rather 
than  from  the  sand  tilting  up  the  deep  water  and  thus  choking  up  the 
imssage  way.  1  am  inclined,  therefore,  to  the  opinion  that  if  the  chan- 
nel is  once  opened  it  will  remain  constant  at  about  the  same  depth, 
though  from  the  rather  fine  character  of  the  sand  I  cannot  si)eak 
decidedly  on  this  i>oint. 

I  now  submit  an  estimate  of  the  ])robable  cost  of  opening  a  channel 
to  the  extent  mentioned,  to  wit,  300  feet  wide,  9,000  feet  long,  and  18 
feet  deep ;  at  the  same  time  leaving  the  banks  with  a  slope  of  10  feet 
base  to  one  vertical.  The  cost  of  a  dredge  of  sufficient  capacity  to  do 
the  work  (that  at  Fort  Taylor  is  entirely  inadequate)  with  scows,  and  of 
a  steam-tug  to  convey  the  sand  to  deep  water,  I  have  been  enabled  to 
ascertain  by  applying  for  the  information  at  the  Columbian  foimdry  in 
New  York,  where  they  are  made,  and  as  the  firm,  Messrs.  Morris  & 
Cumings,  took  me  in  their  tug  to  see  the  operations  of  their  machines 
in  deepening  the  docks  at  Jersey  City,  I  feel  confident  of  their  ability 
to  excavate  satisfactorily  in  deep  water  and  where  the  bottom  is  a  stiff 
mud.  Not,  however,  witnessing  their  operation  where  the  bottom  is  a 
firm  compact  sand,  which  is  the  case  in  the  northwest  channel,  I  cannot 
speak  so  confidently  of  the  capability  of  the  machine  under  these  cir- 
cumstances. Taking,  however,  their  own  statement  hereto  appended 
as  correct,  that  they  can  furnish  a  dredge  which  will  excavate  2,000 
cubic  yards  of  stiff  mud  or  1,000  cubic  yards  of  fine  compact  sand  per 
day  of  10  hours,  and  allowing  (what  will  most  probably  prove  to  be  the 
fact)  that,  in  the  case  of  the  compact  sand  of  the  northwest  channel,  but 
750  cubic  yards  could  be  counffed  on  as  the  daily  average  work  of  the 
machine,  I  submit  the  following  estimate  as  the  least  amount  which 
will  be  needed  to  deepen  the  channel  from  12  to  18  feet.* 

Particular  care  should  be  taken  to  provide  the  dredge-boat  with  bul- 
warks high  enough  to  prevent  the  boats  being  swamped  in  rough  weather 
in  the  open  sea.  It  should  be  also  premised  that,  as  the  probable  work- 
ing days  in  each  year  will,  as  stated  by  Lieutenant  Livermore,  from  the 
necessity  of  having  tolerably  calm  weather,  only  be  about  90  days,  and 
the  capacity  of  the  dredge  proposed  will  not  average  more  than  750 
cubic  yards  of  fine  compact  sand  per  day,  the  amount  of  excavation 
required,  262,800  cubic  yards  of  sand,  would  require  very  nearly  four 
years  in  which  to  comi)lete  the  work. 

ESTIMATE. 

m  ■ 

Cost  of  one  steam-dredge  to  be  provided  with  bulwarks  and 
of  capacity  to  excavate  2,000  cubic  yards  of  stiff  mud,  or 
1,000  cubic  yards  of  sand,  in  a  day  of  10  hours,  requiring 
two  engines  of  25-horse  power,  each,  including  cost  of 

*  The  kind  of  dredge  here  referred  to  works  with  a  single  lever  a  large  grappling  bucket 
of  five  cubic  yards  capacity. 
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two  dumping  scows,  capable  of  carrying  200  cubic  yards 

each,  (supposed  to   be  framed  at   New  York  and   put 

together  at  Key  West) .  $58,000  00 

Cost  of  one  steam-tug,  to  convey  the  dumping  scows  to  the 

places  of  deposit 10, 000  00 

For  dredge  and  scows,  one  captain,  at  $125  per  month, 

four  years 6, 000  00 

One  engineer,  at  $120  per  month,  four  years 5,  700  00 

One  cook,  at  $2  per  day,  four  years 2, 920  00 

One  blacksmith,  at  $3  25  per  day,  for  six  months  in  each 

year,  24  months  in  four  years 2, 340  00 

Six   hands,  including  fireman,  averaging  $2  per  dav,  24 

months I 8, 640  00 

For  tug,  one  captain,  at  $125  per  month,  four  years 6, 000  00 

One  engineer,  at  $120  per  month,  four  years 5,  760  00 

One  cook,  at  $2  per  day,  four  years 2, 920  00 

Three  hands,  including  fireman,  averaging  $2  per  day,  24 

months 4, 320  00 

For  subsistence  of  six  men,  (two  captains,  two  engineers, 

and  two  cooks  of  dredge  and  tug,)  four  years,  at  60  cents 

per  day  each 5, 184  00 

For  subsistence  of  the  remaining  10  men,  24  months,  at  60 

cents  per  day  each 4, 320  00 

For  fuel  for  dredge  and  tug,  averaging  three  cords  each  per 

day,  for  90  days  in  each  year,  making  360  days  in  four 

years,  at  $7  per  cord 15, 120  00 

Anchors,  cordage,  blacksmiths'  tools,  &c 1, 000  00 

Add  20  i)er  cent,  for  repairs  and  contingencies 27, 057  00 

Total  amount  of  estimate 165, 941  00 

Should  two  dredge-boats  be  used,  one  tug  being  deemed  sufficient  to 
attend  to  both,  the  work  could  be  corai)leted  in  half  the  time,  or  two 
years.  The  above  estimate  should,  on  this  supposition,  be  increased  to 
$58,000,  the  cost  of  the  additional  dredge  and  two  scows,  less  $15,224, 
or  half  the  expense  of  running  the  tug,  making  total  amount  of  estimate, 
including  20  per  cent,  for  contingencies,  $217,272. 

I  cannot  close  my  report  without  expressing  my  obligations  to  Cap- 
tain Kobert  Piatt,  commanding  United  States  Coast  Survey  steamer 
Bibb,  for  the  valuable  service  he  rendered  the  engineer  department  in 
towing  the  dredge-boat  belonging  to  Fort  Taylor,  to  and  ba<!k  from  the 
northwest  channel. 

I  am,  general,  very  resi)ectfully,  your  obedient  servant, 

J.  H.  SIMPSON, 
Colonel  Engineers^  Brevet  Brigadier  General  U.  S.  A. 

Major  General  A.  A.  Humphreys, 

Chief  of  Engineers  U.  S.  JL.,  WashingtoUj  D.  C. 


United  States  Engineeb  Office, 

Key  Westy  Florida,  May  7,  1868. 

General  :  I  have  the  honor  to  submit  the  following  report  of  a  sur- 
vey of  the  northwest  channel  of  Key  West  harbor,  made  by  me  during 
the  months  of  March  and  April,  18G8. 
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Owing  to  the  roughness  of  the  sea  and  high  winds,  we  were  enabled 
to  get  only  about  three  days  of  weather  suitable  for  taking  accurate 
soundings — in  all  about  13  hours.  It  was  therefore  thought  best  to 
make  a  careful  survey  of  the  most  important  points,  and  supply  the  rest 
from  an  old  chart  of  the  coast  survey  made  by  Lieutenant  John  Kodgers, 
United  States  navy,  in  1851.  The  scale  of  this  chart  is  yoOTif  ^^^ 
as  it  agrees  closely  with  our  own  chart,  and  w'ith  a  few  trial  soundings 
made  in  parts  supplied  from  it,  no  great  error  can  arise  from  assuming 
it  to  fill  out  the  places  indicated  by  the  red  figures  on  the  chart,  particu- 
larly as  the  bottom  is  here  quite  uniform  and  not  more  than  a  foot  of 
excavation  will  be  required  in  any  part  of  this  area  so  supplied. 

The  soundings  indicated  in  black  were  all  made  under  my  own  per- 
sonal supervisiou,  and  each  one  is  carefully  located  by  a  sextant  obser- 
vation. 

The  bottom  is  composed  of  compact  coral  sand,  a  specimen  of  which 
accompanies  this  report,  being  some  that  was  taken  from  the  bottom  by 
the  dredge  belonging  to  Fort  Taylor.    This  extends  at  least  to  18  or  20 
feet  of  water  in  the  projwsed  Une  of  the  channel,  and  probably  much* 
deeper. 

The  instrument  employed  to  examine  this  bottom  was  a  wooden  pole 
about  20  feet  in  length,  furnished  at  the  end  with  a  pointed  iron  rod 
three-eighths  of  an  inch  in  diameter,  and  projecting  five  feet  beyond  the 
end  of  the  pole.  This  wa^i  thiaist  down  to  the  shoulder  where  it  Joins 
the  wood,  and  a  little  further  in  some  places ;  but  on  the  eastern  edge  of 
the  mud  bank,  indicated  on  the  chart,  after  thrusting  it  through  one  foot 
of  sand,  it  fell  of  its  own  weight  until  the  shoulder  struck  the  sand, 
showing  that  the  mud  underlies  the  sand  there. 

The  rock  is  of  the  same  natui^e  as  the  Key  West  oolite  and  covered 
with  a  thin  coating  of  seaweed  and  coral.  , 

The  tidal  currents  run  at  the  rate  of  about  three  miles  i)er  hour,  and 
are  indicated  by  arrows  on  the  chart. 

The  proposed  direction  for  the  channel  has  been  made  to  follow  as 
nearly  as  possible  the  natural  form  of  the  bottom,  both  to  require  the 
minimum  amount  of  excavation  and  from  the  supposition  that  it  will  be 
more  likely"  to  remain  open  after  being  excavated  ;  for  it  appears  from 
the  direction  of  the  currents  and  the  form  of  the  banks  that  the  chan- 
nel has  been  worn  by  the  tidal  currents,  after  the  bank  was  formed,  and 
is  still  deepening  from  their  action,  and  the  tradition  of  the  pilots  con- 
firms that  view. 

Two  other  lines  running  northwest  and  southeast  have  been  suggested 
to  me  by  officers  of  the  navy  and  of  the  coast  survey,  a«  otfering  a 
more  favorable  direction  for  vessels  leaving  the  harbor  on  account  of 
the  prevailing  winds,  which  they  assume  to  be  northeast.  But  the  com- 
parison of  meteorological  observations  for  a  series  of  years,  from  1828  to 
18G7,  shows  the  resultant  of  the  direction  of  tlie  winds  for  the  ditt'erent 
months  to  be  a«  follows :  January,  north-northeast ;  February,  north- 
east; March,  east-northeast;  April,  east;  May,  east-southeast;  June, 
southeast ;  July,  southeast ;  August,  southeast ;  September,  east-south- 
east; October,  east;  November,  east-northeast;  December,  northeast. 
So  that  for  nine  months  in  the  year  this  objection  lails  to  apply,  and 
during  the  three  months  when  the  prevailing  winds  are  from  the  north- 
east, it  is  by  no  means  constant  from  this  quarter,  but  usually  varies 
every  few  days,  and  even  then  the  tidal  currents  would  be  amply 
sufiicient  to  take  a  vessel  through  without  danger. 

The  amount  of  excavation  required,  allowing  a  slope  at  the  sides  of  1 
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in  10,  would  be  but  little  over  250,000  cubic  yards ;  and  by  either  of  the 
other  channels  proposed  it  would  not  be  less  than  400,000. 

Dredges  for  this  purpose  should  be  furnished  with  bulwarks  esca- 
lated to  protect  them  from  wavesof  at  least  five  feet  fix)m  the  top  of  the 
crest  to  the  bottom  of  the  trough,  anft  they  should  be  able  to  work  in  a 
swell  of  at  least  18  inches. 

The  summer  season  is  the  only  one  that  can  be  depended  upon  for 
weather  calm  enough  for  even  such  a  dredge  to  work  continuously ; 
during  each  of  these  months  about  20  days  are  likely  to  be  available ; 
and  in  the  months  of  May,  September,  and  October,  not  more  than  half 
of  that  time  can  be  counted  upon  with  certainty. 

I  have  no  data  at  my  command  sufficient  for  determining  the  cost  of 
the  dredges,  scows,  and  tug-boat  which  would  be  required  to  make  the 
excavation,  but  should  a  dredge  similar  in  construction  to  the  one  now 
used  at  Fort  Taylor  be  considered  appropriate,  the  following  men  would 
be  required  to  work  it,  at  the  rates  indicated  below,  viz :  one  engineer, 
$125  per  month :  one  dipper  tender,  $3  per  day ;  one  fireman,  $2  25  i)er 
day ;  four  deck  hands,  $1  85  per  day. 

The  cost  of  wood  for  fuel  is  usually  about  $7  per  cord. 

Should  it  be  thought  desirable  that  a  channel  of  less  depth  than  18 
feet  be  excavated,  the  following  table  will  be  of  assistance  in  computing 
the  cost  of  such  : 

For  cbannel  of  18  feet,  262,800  cubic  yards  of  excavation  required. 

For  channel  of  17  feet,  184,800  cubic  yards  of  excavation  required. 

For  channel  of  16  feet,  112,400  cubic  yards  of  excavation  required. 

For  channel  of  15  feet,    55,000  cubic  yards  of  excavation  required. 

The  soundings  on  the  chart  are  taken  from  mean  low  water.  The 
average  rise  and  fall  of  tides  is  two  feet  five  inches,  but  the  spring  tides 
often  rise  as  high  as  four  feet  above  the  plane  of  reference. 

I  am,  general,  very  respectfully,  your  obedient  servant, 

WM.  E.  LIVERMORE, 
l8t  Lieuiefmnt  Corps  Mnghieers  U.  S.  A, 

Brevet  Brig.  Gen.  J.  H.  Simpson, 

Colonel  Corps  Engineers  U.  8.  A,,  Key  West^  Fla, 

Official  copy : 

J.  H.  SIMPSON, 
Colonel  Engineers  and  Brevet  Brigadier  General  U.  6\  A, 


New  York,  45  Duane  Street,  May  16,  1868. 

Dear  Sir  :  Yours  was  duly  received,  inquiring  cost^  capacity,  &c., 
of  one  of  our  patent  dredging  machines. 

We  have  a  dredge  (No.  2)  now  working  in  the  Cunard  dock,  Jersey 
City,  which  will  excavate  in  25  feet  water  2,000  cubic  yards  of  stiff*  mud 
per  day  of  10  hours ;  in  sand  it  would  probably  not  excavate  more  than 
half  the  above  amount;  in  coarse  sand  it  will  do  more  than  in  fine  sand. 

Will  furnish  a  dredge  similar  to  the  above,  with  two  scows  of  200 
yards  capacity  each,  with  right  to  use  the  same,  for  the  sum  of  fifty 
.  thousand  dollars,  ($50,000.)  Size  of  dredge-boat  80  by  30  and  seven  feet 
deep;  capacity  of  bucket,  five  cubic  yards;  consumes  from  one  and  a  half 
to  two  tons  of  coal  in  10  hours,  and  requires  about  seven  men  to  work 
her.    The  cost  of  a  good  tug-boat,  (not  new,)  $10,000. 
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We  can  furnish  a  good  dredge  of  about  25  horse-power,  with  two  200 
yards  scows,  for  $35,000,  capable  of  excavating  in  stiff  mud  from  1,000 
to  1,200  cubic  yards  in  10  hours.  Size  of  dredge  on  deck  28  by  70 ;  six  feet 
between  decks ;  would  consume  three-fourths  to  one  ton  anthracite  coal 
in  ten  hours,  and  requires  five  or  six  hands  to  work  it.  Size  of  seows 
So  by  23,  seven  and  a  half  deep ;  capacity  of  bucket  one  and  a  half  yard. 
Very  re8i)ectfully,  yours, 

MORRIS  &  CUMINGS, 
Per  JAMES  CUMINGS. 
J.  H.  Simpson, 

Brevet  Brigadier  General  and  Colonel  Engineers  U.  8.  A. 

Official  copy : 

J.  H.  SIMPSON, 
Colonel  Engineers  and  Brevet  Brigadier  General  U.  S.  A. 


APPENDIX  J. 

United  States  Engineer  Office, 

Cincinnati^  Ohio^  August  22, 1868. 

Sir  :  I  have  the  honor  to  submit  the  following  annual  report  for  the 
fiscal  year  ending  June  30,  1868,  on  the  surv^ey  of  a  ship  canal  around 
the  fails  of  the  Ohio : 

Operations  were  commenced  by  me  on  this  survey  in  July,  1867.  On 
the  8th  of  February  last  I  transmitted  a  special  report  as  directed  from 
headquarters  corps  of  engineers.  In  this  special  [report  I  detailed  all 
of  my  operations  up  to  that  date,  and  the  result  of  those  operations. 

From  that  date  to  the  end  of  the  fiscal  year  I  have  been  engaged  in 
studying  and  arranging  the  details,  preparing  the  specifications,  and 
making  the  drawings  of  the  work  I  proposed  should  be  done.  The  draw- 
ings I  have  transmitted  to  the  department  this  day  by  express. 

I  found  in  the  course  of  my  studies  on  these  details  that  probably  a 
strong  crib-dam  would  be  better  than  a  masonry  dam  across  the  crest 
of  the  rocks  in  front  of  Louisville,  to  raise  the  low- water  mark  three 
feet,  and  have  accordingly  made  the  change.  The  details  of  this  pro- 
posed dam  are  shown  on  the  drawings. 

I  also  found  after  I  had  made  my  special  report  that  an  error  had  been 
made  in  copying  the  levels,  and  that  the  lift  of  the  dam  proposed  by 
me  to  be  built  across  the  head  of  Falling  Run  pool  is  llyjo  ^^^^  ^^  ^ 
canal  is  built  on  the  Indiana  side,  and  5^'^,  if  only  the  Louisville  and 
Portland  canal  extension  is  completed. 

A  lock  with  a  corresponding  lift  will  therefore  be  necessary  in  the 
dam  to  pass  boats  during  low  stages  of  the  river.  The  drawings  repre- 
sent the  details  of  this  dam  with  a  lock  arranged  under  the  supposition 
that  the  canal  on  the  Indiana  side  along  the  route  proposed  by  me  will 
be  built.  In  case  it  is  decided  that  no  canal  will  be  budt  on  the  Indiana 
side,  this  dam  and  lock,  of  course,  will  be  considerably  cheaper,  as  then 
they  will  require  a  lift  of  only  5^'^  feet. 

The  total  cost  of  the  upper  dam,  according  to  the  revised  plan,  is  esti- 
mated at  $40,000,  as  shown  in  detail  in  annexed  estimate.  The  total 
cost  of  the  lower  lock  and  dam  arranged  for  the  canal  on  the  Indiana 
side  is  estimated  at  $375,000,  as  shown  in  details  annexed ;  and  the  total  • 
cost  of  the  same  dam  arranged  only  for  the  Louisville  and  Portland 
ciinal  extension  is  estimated  at  $270,000.  These  estimates  are,  how- 
ever, only  approximate.  New  levels  must  be  taken  and  these  dams 
carefully  located  before  any  exact  estimate  can  be  made. 
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Tlie  total  cost  then  of  completing  the  work  recommended  by  me  would 
be  as  follows : 

For  Louisville  and  Portland  canal  extension $933,500  00 

For  new  canal  Indiana  side 3,470,000  00 

For  two  dams  and  one  lock 415,000  00 

Tot.al. 4,818,500  00 

If  no  new  canal  is  built  on  the  Indiana  side  the  total  would  be  as  fol- 
lows : 

For  Louisville  and  Portland  canal  extension $933,500  00 

For  two  dams  and  one  lock 310,000  00 

Total 1,243,500  00 

The  secretary  of  the  Louisville  and  Portland  Canal  Company  estimates 
that  on  the  30th  of  June,  1869,  there  will  probably  be  $180,000  in  the 
hands  of  the  treasurer  of  the  company,  and  $85,000  have  been  appro- 
priated for  the  fiscal  year  ending  June  30,  1869. 

In  case  that  only  the  Louisville  and  Portland  canal  extension  is  com- 
pleted, there  would  remain  $978,500  to  be  appropriated  to  complete 
the  work,  and  this  amount  could  be  profitably  expended  during  the  fis- 
cal year  ending  June  30,  1870. 

This  does  not  include  the  $1,570,000  in  bonds,  having  several  years 
to  run,  the  payment  of  which  the  government  must  assume  in  order  to 
obtain  possessfon  of  the  Louisville  and  Portland  canal. 

In  (;ase  a  canal  is  also  built  on  the  Indiana  side,  on  the  route  recom- 
mended by  me,  $3,575,000  would  be  required  in  addition  to  the  above 
mentioned  sum  to  complete  the  work,  and  $1,000,000  additional  could 
be  profitably  exi)ended  during  the  fiscal  year  ending  June  30,  1870. 
The  work  is  situated  in  the  second  collection  district  of  Indiana,  mid  the 
third  collection  district  of  Kentucky. 

The  nearest  port  of  entry  is  Louisville,  Kentucky.  The  amount  of 
revenue  collected  during  the  fiscal  year  ending  June  30,  1808,  was 
$201,350  48. 

The  commerce  and  navigation  of  the  Mississippi  and  all  its  tributaries 
would  be  benefited  by  the  completion  of  this  work.  It  has  been  esti- 
mated that  8,000,000  of  tons  were  transported  on  these  rivers  during 
the  year  18(i0,  and  it  is  stated  that  the  amount  increases  annually. 

The  amount  of  cash  received  and  expended  on  account  of  the  survey 
for  this  work  during  the  fiscal  year  ending  June  30,  1868,  is  herewith 
transmitted. 

I  am,  sir,  very  respectfully,  your  obedient  servant, 

G.  WEITZEL, 
Major  of  Engineers^  Brevet  Major  General  U.  S.  A* 

Brig.  Gen.  and  Bvt.  Maj.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers  J  Headquarters  Corps  of  Engineers^ 

Washington^  D.  C 


CANAL  AROUND  THE  FALLS  OF  THE  OHIO. 

Estimate  of  cost  of  a  rectangular  crib-dam  on  crest  of  the  falls  of  the  Ohio 

river. 

Cribs,  6  feet  wide;  length  of  dam,  45,000  feet;  cross-ties,  6  feet  long, 
and  10  by  12  inches;  stringers,  in  length,  21  feet  and  upwards;  stringers 
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next  rock,  10  by  15  inches;  stringers  in  cribs,  10  by  12  inches;  2,000  feet 
lineal  foundation,  1  foot  above  low  water;  2,200  feet  lineal  foundation, 
1  foot  below  low  water;  300  feet  lineal  foundation,  2^  feet  below  low 
water. 

ESTISIATE. 

450  cross  ties  above  low  water,  board  measure,  27,000  feet,  at 

$25  per  M $675  00 

250  cross-ties  below  low  water,  board  measure,  15,000  feet,  at 

$25  i)er  M 375  00 

Stringers  above  low  water,  13,000,  board  measure;  stringers 

below  low  water,  5,000,  board  measure;  18,000  feet,  at  $25 

X>er  M 4, 500  00 

Stringers  next  rock  foundation,  board  meiisure,  11,000  feet,  at 

$25  i>erM 2,  750  00 

Rooting  plank,  4  inches  thick,  6  feet  long,  board  measure, 

108,000  feet,  at  $30  per  M 3, 240  00 

Sheeting  at  upper  side  dam,  double  course,  3  inches  thick, 

board  measure,  120,000  feet,  at  $30  per  M 3, 600  00 

Planking  on  lower  side  dam,  3  inches  tliick,  board  measure, 

23,000  feet,  at  $30  per  M 690  00 

1,8(K)  wrouglit-irou  bolts,  10  inches  square,  24  inches  long, 

11,700  pounds,  at  10  cent*j  per  pound 1, 170  00 

400  \\TOUght-iron  bolts,  IJ  inch  squai'e,  30  inches  long,  5,200 

pounds,  at  10  cents  per  pound 520  00 

440  wrought-iron  bolts,  IJ  inch   square,   72   inches  long, 

14,0iK)  pounds,  at  10  cents  per  pound 1, 400  00 

60  wrought  iron  bolts,  IJ  inch  square,  90  inches  long,  3,300 

pounds,  at  10  c^nts  per  pound 330  00 

40,000  spike^s,  f  inch  square,  6  inches  long,  1,200  pounds,  at 

10  cents  per  iwund 1, 200  00 

1,800  spikes,  |  inch  square,  10  inclies  long,  19,700  pounds,  at 

10  cents  perpound 1, 970  00 

Stone  tilling,  3,100  cubic  yards,  at  $1  per  yard 3, 100  00 

Graveling  2,000  cubic  yards,  at  50  cents  per  yard 1, 000  00 

Abutment  masonry,  50  cubic  yards,  at  $13  per  yard 650  00 

Coffer-dam  and  leveling  off* 10, 000  00 

Drilling  holes  in  rock,  1,000,  at  $1  per  M 1, 000  00 

Contingent,  &c. 1, 830. 00 

Total  estimates 40, 000  00 

Respectfully  submitted. 

G.  WEITZEL, 
Major  of  Engineers^  Brevet  Major  General  U.  8.  A. 


Estimated  cost  of  lock  and  dam  opposite  New  Albany^  Indiana^  11,02  high^ 
and  of  the  construction  shown  on  tlie  dratcings^  at  theprices  mentioned  in 
appendix. 


DAM. 


Cribs  of  dam $94, 037  00 

Pier  masonry 14, 300  00 

Abutment  masonry 9, 100  00 
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Graveling $4, 000  00 

Excavation 360  00 

Coffer-dam 10, 000  00 

Dredging 1, 000  00 

Contingencies,  &c 17, 213  00 

Total  estimated  cost  of  dam 150, 000  00 


LOCK. 

Earth  excavation  in  lock  pit,  5,000  cubic  yards,  at  35  cents 

per  yard $1,  750  00 

Slate  excavation  in  lock  pit,  5,000  cubic  yards,  at  $1  50 

per  yard 7, 500  00 

Coffer-dam 10, 000  00 

Concrete,  3,000  cubic  yards,  at  $6  50  per  yard 19, 500  00 

Lock  masonry,  11,000  cubic  yards,  at  $13  per  yard 143, 000  00 

Lock  gat^is  and  machinery,  two  pairs,  at  $12,000  per  pair. .  24, 000  00 

Contingencies,  &c 19, 250  00 

Total  estimated  cost  of  lock 225, 000  00 

Estimated  cost  of  dam  as  above $150, 000  00 

Estimated  cost  of  lock  as  above 225, 000  00 

Total  estimated  cost  of  lock  and  dam 375, 000  00 

Kespectfully  submitted. 

G.  WEITZEL, 
Major  of  Engineers^  Brevfet  Major  General  U.  S.  A. 


Estimated  cost  of  dam  opposite  New  Albany^  Indiana. 

Length,  1,700  feet;  width,  18  feet;  height  above  low- water,  5.73  feet; 
depth  of  water,  10  feet;  slopes  of  upper  roof,  IJ  to  1;  slopes  of  lower 
roof,  IJ  to  1;  cross- ties,  8  feet,  centre  to  centre;  cross-ties  and  stringers, 
10  by  12  inches;  ridge  timber,  12  by  15  inches. 

ESTIMATES. 

Cross-ties,  275,000  feet,  board  measure,  at  $25  per  M $6, 890  00 

Stringers,  391,000  feet,  board  measure,  at  $25  per  M 9,  775  00 

Sheeting  at  upper  side  dam,  one  course,  3  inches;  one  course, 

2  inches;  85,000  feet,  board  measure,  at  $30 per  M 2, 550  00 

Eoofing,  (lower,)  6  inches,  122,400  feet,  board  measure,  at 

$30  per  M ! 3, 672  00 

Booting,  (upper,)  6  inches,  110,500  feet,  board  measure,  at 

$30  per  M 3, 315  00 

Eoofing,  (upper,)  4  inches,  40,800  feet,  board  measure,  at  $30 

per  M 1, 224  00 

Wrought-iron  bolts,  1  inch  square,  21  inches  long,  55,900 

pounds,  at  10  cents  per  pound 5, 590  00 

Spikes,  f  inch  square,  12  inches  long,  8,100  pounds,  at  10  cents 

per  pound 810  00 
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Spikes,  i  inch  square,  14  iuches  long,  13,000  pounds,  at  10 

cents  per  i)ound $1, 300  00 

Spikes,  I  inch  square,  6  inches  long,  1,700  pounds,  at  10  cents 

per  pound 170  00 

Stone  filling,  12,000  cubic  yards,  at  $1  per  yard 12, 000  00 

Graveling,  6,000  cubic  yards,  at  50  cents  per  yard 3, 000  00 

Abutment  masonry,  200  cubic  yards,  at  $13  per  yard 2, 600  00 

Abutment,  excavation ,  and  dredgingfouudation  for  dam,  3,000 

cubic  yards,  at  20  cents  per  yard 600  00 

Coffer-dam 5, 000  00 

Contingencies 6, 504  00 

75,000  00 

Estimated  costoflocJcj  100  by  400/<?ef,  to  he  built  in  connection  with  the  above 

dam. 

Excavation  of  earth  in  lock  pit,  5,000  cubic  yards,  at  35 

cents  per  yard $1,  750  00 

Excavation  of  slate  in  lock  pit,  5,000  cubic  yards,  at  $1  50 

per  yard 7, 500  00 

Coflfer-dam 10, 000  00 

Concrete,  3,000  cubic  yards,  at  $6  50  per  yard 19, 000  00 

Lock  masonry,  9,000  cubic  yards,  at  $13  per  yard 117, 000  00 

Lock  gates,  2*^  pairs,  at  $10,000 2d,  000  00 

Contingencies 19, 250  00 

Total  estimated  cost  of  lock 195, 000  00 

Total  estimated  cost  of  dam 75, 000  00 

Total  estimated  cost  of  dam  and  lock 270, 000  00 

Respectfully  submitted. 

G.  WEITZEL, 
Major  of  Engineers,  Brevet  Major  Oeneral  U,  S.  A. 


Stntement  shomng  total  cost  of  the  survey  of  a  ship  canal  around  the  falls  of 
the  Ohio  river  J  for  the  fiscal  year  ending  June  30, 18C8,  under  the  direction 
of  Brevet  Major  Oeneral  O,  Weitzel,  major  of  engineers. 

Hired  men $13, 162  00 

Commutation,  quarters  and  fuel 975  57 

Office  furniture  and  stationery 715  93 

MUeage 90  80 

Transportation  of  instruments 10  40 

Postage 16  35 

June  30,  1868,  total  cost 14, 971  05 

Deduct  revenue  tax  from  salaries 245  43 

June  30, 1868;  amount  expended  during  the  year 13, 725  62 

June  30,  1868;  balance  on  hand 274  38 

14,000  00 
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June  30, 1868,  received  during  the  year $14, 000  00 

Respectfully  submitted. 

G.  WEITZEL, 
Major  of  Engineers,  Brevet  Major  General  U.  S.  A. 


J  1. 

New  Albany,  Indiana, 

February  8,  1868. 

General:  I  w«as  charged  by  you  with  the  execution  of  the  work 
ordered  in  the  following  joint  resolution  of  Congress: 

Public  Resolution  No.  20. 

joint  resolution  providing  for  the  necessary  surveys  for  a  ship  canal  around  the 
falls  of  the  Oiilo  river,  for  military,  naval  and  cuininercial  purposes. 

Bt  it  re.solred  by  the  Senate  and  House  of  Representatives  of  the  United  States  of  Amenc4 
in  Congress  asstmhled^  That  the  Secretary  of  War  be,  and  he  is  hereby,  authorized  and 
directed  to  cause  surveys,  with  plausaud  estimates  of  cost,  to  be  made  by  au  officer  of 
eiijfineers,  for  a  ship  canal  around  the  falls  of  the  Ohio  river,  on  the  Indiana  side  thereof,  of 
suitable  location  and  dimensions  for  military,  naval  and  commercial  purpose-s,  and  also  to 
cause  said  offici^r  to  estimate  the  expense  of  completing  the  Louisville  and  Portland  canal,  on 
the  Kentucky  side  of  said  falls,  according  to  the  plan  on  which  the  said  canal  company  is 
now  progressing  with  said  work,  and  that  the  expenses  of  both  be  defrayed  from  the  sums 
appropriated  in  the  acts  of  June  23,  1866,  and  March  2,  1867,  for  examinations  and  surveys 
relating  to  the  improvement  of  harbors  and  rivers  on  the  northwestern  lakes. 

Approved  March  29,  1867. 

I  was  furnished  by  you  with  a  coi)y  of  the  report  of  Captain  (now 
Colonel)  T.  J.  Cram,  corps  of  engineers,  on  the  best  mode  of  improving 
the  navigation  of  the  Ohio  river  at  the  falls  at  Louis\ille,  made  in  1814; 
a  copy  of  a  report  of  a  board  of  engineers  in  reference  to  the  improve- 
ment of  the  falls  of  the  Ohio,  at  Louisville,  made  in  1853  ;  and  a  set  of 
drawings  made  under  the  directions  of  Colonel  S.  II.  Long,  topographi- 
cal engineers,  in  the  year  1819,  and  bearing  on  the  same  subject.  These 
were  furnished  me  with  the  understanding  that  the  information  con- 
tained in  them  should  not  supersede  the  surveys  required  by  the  joint 
resolution,  but  that  they  were  merely  i)laced  at  my  disposed  for  such  aid 
as  could  be  derived  from  them  in  the  way  of  facilitating  my  surv  eys  and 
examinations.  . 

Accordingly  I  organized  my  party  at  this  place  and  commenced  opera- 
tions in  July,  18(37.  In  the  absence  of  any  more  definite  or  detailed  in 
structions  than  the  joint  resolution  contained,  I  believed  it  my  duty,  in 
view  of  the.  fact  that  the  government  had  twice  before  been  under  the 
expense  of  this  survey,  to  make  this  one  so  minute  and  so  much  in  de- 
tail that  every  possible  route  on  the  Indiana  side  that  can  be  suggested 
and  be  calculated  from  the  notes  which  we  would  gather,  and  thus  save 
any  further  expenditure  of  money  on  this  account.  My  operations  were 
conducted  with  ihis  view. 

The  general  maj)  which  accompanies  this  report  shows  the  topography 
of  the  Indiana  shore,  within  the  practical  limits  for  canal  purposes,  in 
considerable  detail. 

Many  of  the  most  important  points  of  the  horizontals  drawn  on  this 
map  were  accurately  determined,  and  the  intermediate  portions  sketched 
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in.  They  are  accurate  enou^^h  for  all  practical  purposes.  The  references 
are  written  on  all  of  them,  the  plane  of  reference  bein|2:  a  horizontal 
l)lane  six  feet  lower  than  the  upper  surface  of  the  lower  miter  sill  of  the 
old  locks  of  the  Louisville  and  Portland  canal. 

We  had  a  remarkably  favorable  season  for  our  work.  We  first  sur- 
veyed the  Indiana  side;  then,  when  the  water  reached  its  lowest  stage, 
we  took  tlie  river  bed ;  then  the  Louisville  and  Porthmd  canal  and  vi- 
cinir  V ;  and  finallv  located  and  carefullv  went  over  nine  difterent  lines  on 
the  Indiana  side.  These  nine  lines,  by  their  combinations,  giving  four- 
teen routes  for  a  canal. 

While  these  operations  were  in  progress  I  collected  all  the  information 
I  couhl  for  the  purpose  of  enabliiig  me  to  determine  the  proper  dimen- 
sions for  a  canal  which  would  be  suitable  for  connnercial  purposes. 

I  assumed  that  a  canal  with  such  dimensions  would  at  t\u)  same  time 
be  suitable  for  military  and  naval  purposes.  I  found  two  difterent  opin- 
ions on  this  subject ;  some  believing  that  locks  the  size  of  the  new  locks 
on  the  Louisville  and  Portland  canal  extension,  which  are  350  feet  long 
au<l  80  feet  wide,  would  l)e  large  enough,  because  in  the  future  no  more 
biKits  larger  than  these  dimensions  will  be  built,  and  that  the  bulk  of 
the  carrying  trade  on  this  riv(»r  would  be  done  by  barges  drawn  by  tow- 
boats. 

Many  of  the  practical  steamboat  men,  however,  with  whom  I  con- 
verstMl  on  this  subject  are  of  the  opinion  that  the  locks  of  a  new^  canal 
should  be  much  larger,  contending  that  the  future  of  the  carrying  trade 
would  be  either  by  boats  built  very  wide,  so  as  to  carry  a  heavy  load 
with  light  draught  of  water,  or  in  fleets  of  barges  drawn  by  tow-lioats, 
sf>  that  in  either  case  the  locks  must  be  large  to  accommodate  the  large 
boat,  or  to  take  in  at  a  time  the  whole  tow  and  thus  save  the  time  and 
expense  of  breaking  up  a  tow  to  get  through  thi^  canal  and  putting  it 
together  again  below,  liesides,  'they  say  that  the  size  of  the  locks  on 
this  canal  generally  fixes  the  size  of  the  boats,  and  that  it' the  locks 
were  larger,  the  boats  would  be  built  larger,  because,  up  to  a  certain  limit, 
a  large  boat  can  make  a  trip  in  shorter  time  with  a  larger  load  than  a 
smaller  boat,  and  with  equal  expenditure  of  fuel. 

There  are  at  least  two  boats  now  running  on  this  river  that  could  not 
be  passed  through  the  new  locks  of  the  Louisville  ami  Portland  canal 
extension.  About  the  middle  of  last  October  a  convention  of  steamboat 
owners  and  masters  assend^led  at  Cincinnati,  Ohio.  This  convention  w^as 
(•oniposed  of  deh^gates  from  the  principal  jHunts  of  the  west,  all  of  whom 
had  either  spent  most  of  their  lives  or  invested  a  great  deal  of  capital 
in  steamboats,  or  both.  I  therefore  addressed  a  letter  to  the  chairman 
of  this  conv^ention,  asking  him  to  get  a  vote  on  the  question  of  proper 
dimensions  for  the  locks  of  a  new  canal,  and  he  did  so.  The  convention 
fixed  upon  the  locks  tor  a  new  canal  to  be  400  feet  long  and  110  feet 
wide,  but  recommended  the  immediate  completion  of  the  Louisville  and 
Portland  canal  in  accordan(;e  with  the  present  plan,  which  is  with  locks 
as  above  stilted,  3r)0  feet  long  and  80  feet  wide,  the  canal  being  00  feet 
wide,  and  having  six  feet  of  water  over  the  miter  sill  of  the  guard  gate 
at  the  lowest  stage  of  water. 

1  think  that  the  locks  of  the  new  canal  should  be  at  least  100  feet 
wide  and  400  feet  long.  The  canal  itself  should  be  120  feet  wide  and 
should  hav^e  six  feet  of  water  over  the  miter-sill  of  the  guard  gate  at 
the  lowest  stage.  But  in  order  to  show  the  matter  more  fully  I  present 
herewith  estimates  for  each  route  on  the  Indiana  sid(»  with  these  dimen- 
sions, and  also  with  the  exact  dimensions  of  the  proposed  Louisville  and 
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Portland  canal  extension.    A  proper  descent  has  been  calculated  for  in 
both  ca«es : 


INDIANA  SIDE. 


» 

Cost. 

Route  No. 

Descent  of 
bottoiu. 

Length. 

Number  of 
bri^dg"es  re- 

Lockage. 

90  feet  wide 

120  feet  wide. 

quired. 

Ffet. 

' 

Miles. 

fttt. 

1 

H 

$12,025,000 

$14,600,000 

•-^  A  V'  X  •  I 

13 

30 

2 

4^ 

ll,0(i0,000 

13,475,000 

mi^ 

16 

.30 

:i 

H 

11,025,000 

)3,5t)0,CK>0 

mn 

17 

30 

4 

^ 

10,430,000 

12, 675,  (Ml 

7)JfU 

13 

30 

5 

H 

10,  140,000 

12,300,0(10 

^S  i  M  o 

12 

30 

6 

4^ 

6, 340, 000 

7, 8:i5, 000 

9 

28 

7 

4i 

5,710,000 

6, 852, 000 

5 

28 

8 

4i 

5, 385, 000 

6, 475, 000 

4Vjn 

4 

2^ 

9 

'4 

4,160,000 

5,105,000 

*>r,  4  >■  n 

6 

24 

10 

:i 

3, 560, 000 

4, 2H0, 000 

2 

24 

11 

3 

3,255,000 

3, 91{»,  000 

mn 

2 

24 

12 

3 

3,  8:^,  000 

4,725,000 

mn 

6 

20 

J3 

3 

3, 275, 000 

3, 920, 000 

2kWo 

3 

20 

14 

3 

2, 970, 000 

3, 550, 000 

2^5  5'^;; 

2 

20 

The  lockage  on  each  of  these  routes  is  to  be  effected  by  means  of  two 
lift  locks. 

There  should  be  six  feet  of  water  over  the  miter  sill  of  the  guard 
gate,  because  when  there  is  lOJ  feet  of  water  on  the  upper  bars  of 
the  Ohio  river,  there  would  be  about  11  feet  over  the  miter  sill  of  such  a 
canal.  A  boat  loaded  then  to  draw  10^  feet  and  just  scrape  over  the  bars 
would  have  six  inches  to  spare  in  crossingthemiter  sill,  which  I  think  is 
little  enough.  The  bottom  of  the  canal  should  have  a  descent  so  as  to 
enable  the  water  to  assist  in  clearing  out  anv  sediment  that  mav  be 
brought  into  the  canal  when  in  use,  to  allow  for  the  descent  in  the  upper 
surface  of  the  water  in  the  canal  when  it  is  drawn  off  for  lockage,  and 
to  make  certain,  if  a  boat  gets  over  the  miter  sill,  that  it  will  get  through 
the  canal  without  rubbing.  The  depth  of  water  on  the  lower  miter  sill 
of  the  lock  to  be  six  feet  at  low  water.  The  river  bank  of  the  canal  and 
tihe  guard  gate  to  rise  to  a  horizontal  plane,  four  feet  higher  than  the 
highest  known  flood,  that  of  1832.  The  highest  stage  of  water  in  which 
the  canal  will  be  used  is  assumed  at  10  feet  above  low  water  at  the  head 
of  the  falls.  The  top  of  the  side  walls  of  the  canal  should  be  in  a  hori- 
zontal plane,  live  feet  higher  than  the  assumed  height  of  the  highest 
stage  in  which  the  canal  will  be  used. 

At  the  level  of  the  top  of  the  side  walls  on  the  river  bank  there  should 
be  a  berm  20  feet  wide.  Above  this  level,  for  15  feet  in  height,  the  inside 
of  the  banks  of  the  canal  shall  have  a  sloi)e  of  one  and  a  half  foot  base 
to  one  foot  rise ;  then  there  shall  beran  other  bem  20  feet  wide,  and  then 
to  the  top  of  the  bank  it  shall  slope  again  one  and  a  half  foot  bast^  to  one 
foot  rise.  The  top  of  the  bank  shall  be  20  feet  or  more  in  width,  accord- 
ing to  circumstances. 

Where  the  canal  crosses  a  creek  or  depression,  the  inside  bank  of  the 
canal  shall  be  as  high  as  the  side  wall,  20  feet  wide  at  top,  and  the 
reverse  slope  shall  be  the  natural  slope  of  the  earth.  Where  it  passes 
through  a  cutting,  the  form  of  the  inside,  up  to  the  natural  surface,  shall 
be  the  same  as  the  river  bank.  All  bridges  over  the  canal  shall  be 
furnished  with  draws  of  suitable  construction.    The  side  wall  of  the 
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lower  lock  at  its  lower  end  to  be  raised  to  the  height  of  the  banks  of 
the  eanal,  and  to  be  i)rovided  with  a  guard  gate  to  prevent  the  water  in 
high  stiig(\s,  when  the  canal  is  not  in  use,  from  backing  into  the  locks 
and  annually  leaving  deposits  of  mud,  which  woukl  be  expensive  to 
remove.  This  guard  gate  at  the  lower  lock  to  be  made  in  two  sections, 
on  account  of  its  great  height.  Suitable  passing  places  shall  be  provided, 
the  number  depending  on  the  length  of  the  route. 

With  reference  to  the  table  above  given,  it  should  be  said  that  routes 
Nos.  12,  13,  and  14  come  out  at  the  big  eddy.  This  is  such  a  trouble- 
some place  for  an  entrance  or  outlet  to  a  canal,  on  account  of  the  whirl- 
pools which  exist  there,  that  I  consider  all  these  routes  should  be  at  once 
rejected,  especially,  too,  as  they  do  not  come  out  below  but  on  the  falls. 

It  will  be  seen  that  all  of  the  others  are  larger  than  the  Louisville 
and  Portland  canal,  many  of  these  enormously  expensive;  all  require 
heavy  rock  excavations,  and  all  of  them  cross  either  one  or  all  of  the  live 
streams  which  exist  on  the  Indiana  side,  and  which,  not  being  needed 
a^s  feeders,  are  a  grievous  obstruction.  The  route  which  ai)proaches 
nearest  in  feasibility  to  the  Louisville  and  Portland  canal  is  route  No.  11. 

The  history  of  the  Louisville  and  Portland  canal  is  so  correctly  and 
thoroughly  given  in  a  report  which  probably  is  now  before  Congress, 
made  last  summer  under  the  direction  of  the  honorable  Secretary  of  the 
Treasury,  by  Mr.  \Y.  D.  Gallagher,  that  only  a  synopsis  is  thought  neces- 
sary here  by  way  of  explanation. 

The  Louisville  and  Portland  canal  was  completed  in  December,  1830, 
by  a  company  cliartered  by  the  State  of  Kentucky.  The  government 
was  a  stockholder  to  the  amount  of  2,335  shares,  costing  $233,500. 

In  18^31  the  government  received  507  shares  more  in  lieu  of  dividends. 
Between  1831  and  1842  it  received  $257,778  in  cash  from  the  dividends 
declared  by  the  company;  so  that  at  the  end  of  12  years  the  govern- 
ment received  $24,278  in  cash  and  507  shares  in  stock  more  than  it 
investe<l  in  the  canal,  and  was  still  the  owner  of  2,002  shares  in  the 
canal,  valued  at  $200,200;  thus  receiving  $547,978  for  its  original  invest- 
ment in  the  canal. 

From  1842  up  to  date  no  dividends  have  been  declared,  the  net  income 
of  the  canal  up  to  1850  being  devoted  to  the  purchase  of  stock  owned 
by  private  individuals,  (said  stock  being  held  in  trust  bj^  the  board  of 
directors,)  and  since  1850  to  the  enlargement  and  extension  of  the  canal, 
and  to  create  a  sinking  fund  for  paying  the  bonds  which  were  issued  by 
the  company  to  defray  the  expenses  of  said  work. 

In  1800  this  enlargement  and  extension  was  begun  on  plans  submitted 
hy  Mr.  T.  K.  Scowden,  a  civil  engineer  of  experience  and  reputation,  and 
stoppe<l  in  1800  for  want  of  funds,  after  $1,825,403  23  had  been  expended 
for  lands  and  work  on  the  improvement;  thus  making  the  cost  of  the 
canal,  as  it  now  stands,  $2,825,403  23.  If  there  had  been  no  war  this 
sum  would  have  been  sutticient  to  have  completed  the  work  according 
to  the  original  plan. 

To  report  how  much  more  money  it  will  now  require  to  finish  it  is  one 
of  the  duties  assigned  me  by  the  joint  resolution.  The  old  canal  is  64 
feet  wide  in  the  clear  and  one  and  nine-tenths  miles  long.  The  lockage 
is  effected  by  three  (now  dilapidated)  lift-locks  of  about  eight  and  two- 
thirds  feet  lift  each,  and  200  feet  long  by  50  feet  wide  in  the  clear.  The 
proposed  improvement  intended  to  iiK*rease  the  old  canal  to  100  feet  in 
width,  to  be  lined  on  both  sides  with  a  vertical  dry  wall  17  feet  high. 
The  embankment  to  be  formed  on  both  sides  of  the  canal  by  setting  off  a 
berm  15  feet  wide,  then  carrying  ui)  a  slope  one  and  a  half  foot  horizontal 
to  one  foot  perpendicular,  153  feet  high,  to  a  second  berm  15  feet  wide ; 
then  carrying  up  a  second  slope  of  the  same  form  and  height  as  the 
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first,  wiiicli  will  roacli  the  sninniit  of  the  embankment  about  40J  feet 
abov(»  the  bottom  of  the  canal,  and  will  be  two  feet  higher  than  the 
highest  known  Hood. 

The  depth  of  water  in  the  canal  at  the  lowest  stage  of  the  river  to  be 
six  feet.  To  have  a  guard  gate  at  the  head  of  the  canal  with  suitable 
abutments,  both  built  as  high  as  the  canal  embankment.  To  have  three 
passing  places,  inchuling  a  spacious  basin  formed  by  taking  in  the  pres- 
ent dry  dock.  To  have  a  crib  dam  on  the  river  side  from  the  head  of 
the  canal  to  jjrotect  boats  in  passing  in  and  out  of  the  canal  from  acci- 
dent or  delay.  To  have  a  floating  boom  at  the  head  of  the  canal  to 
exclude  ice  and  drift.  To  repair  the  old  locks  for  passing  small  craft  of 
all  description.  To  diverge  the  branch  canal  at  a  point  about  47t  fet< 
above  the  old  guard-gate  pier,  extending  about  2,600  feet  westerly  to  the 
new  locks  located  near  the  foot  of  Sandy  island.  To  blast  the  ro<.*ks  at 
the  foot  of  the  locks  so  as  to  open  a  wide  and  safe  channel  for  going  in 
and  out  of  the  canal.  To  elfect  the  lockage  by  two  lift-locks  about  13  fet^t 
lift  each,  and  350  feet  long  and  80  fee*  wide.  The  bottom  of  the  canal 
to  be  level.  During  the  i)rogress  of  the  work,  as  the  price  of  labor  and 
materials  rose  on  account  of  the  war,  the  directors,  with  a  laudable  desire 
to  build  at  leavKt  a  ''working"  canal  with  the  means  at  their  disposal, 
compelled  the  engineer  to  make  several  changes  in  his  plans,  the  most 
imjuu'taut  of  which  was  reducing  the  width  of  the  canal  to  1)0  feet.  This, 
for  that  width  of  locks,  was  a  good  change. 

To  complete  the  work  according  to  the  modified  i>lan  will  cost 
$1,178,000.  To  C(nni)lete  it  according  to  the  original  plan  will  cost- 
$1,204,000,  and  to  com])lete,  as  I  think  it  should  be,  with  the  river  bank 
raised  to  a  plane  four  feet  higher  than  the  highest  known  flood,  and  a 
fall  of  one  foot  per  mile,  will  cost  $1,394,000. 

In  Older  to  un<lerstand  positively  on  what  terms  the  government 
could  get  the  owneiship  of  this  canal,  I  addressed  a  letter  on  the  13th of 
Decemi)er,  1807,  to  the  president  of  the  company,  the  Hon.  James  Guthrie, 
to  which  1  re<.*eived  the  following  reply : 

Office  of  thk  Louisvillk  and  Portland  Canal  Company, 

Dcccmhfrr  J4, 1867. 

The  following  reply  to  the  letter  of  General  Woitzel  was  made  and  ordered  to  be  placed 
on  the  minutes : 

G.  WnrrZEL,  Major  of  Ensiineers,  Brevet  Major  General  Vj>  S.  A. 

Dear  Sir:  In  rep'y  to  your  letter  of  VMh  instant,  the  president  and  directors  of  the 
Louisville  and  Porthmd  Canal  Company  have  to  say  that  they  consider  themselves  as  trus- 
tees of  the  stockholders  of  the  conipany,  the  objects  of  the  trust  being  to  C4iuse  said  caniil  to 
be  so  enlarged  and  improved  as  to  make  it  sufficient  tor  the  reijuirementsof  the  commerce  o( 
the  Ohio  river,  and  tiiially  to  make  it  a  free  CAual ;  and  that,  having  uo  perHoual  objects  to 
subserve,  they  would  willingly  surrender  to  the  government  of  the  United  States)  all  the 
rights,  titles,  privileges,  a^ssets,  &c.,  of  the  company,  |)rovided  the  government  shall  pur- 
chase "the  live  shares  of  stock  which  they  hold,  and  a^^sume  the  indebtedness  of  the  corapuny 
incurred  in  the  prosecution  of  the  canal  enlargement,  and  also  assume  the  duties  of  the  trust, 
which  they  hold  to  be  the  completion  of  said  work  of  enlargement  as  contemplated. 

The  bonded  indebtedness  of  the  compan}'  is  as  toUuws: 

370  bonds  due  in  187 1 ^0,000 

:<99  bonds  due  in  187(5 399,  UCK) 

398  bonds  due  in  1881...- 398.  (HM» 

400  bonds  due  in  1886 4(K),  (H)0 

I,5<>7,(KI0 

The  five  shares  of  stock  are  Si 00  each.  

There  is  on  hand  to  the  credit  of  the  sinking  fund  a  balance  of  $217,4r)3  70. 
For  a  detailed  statement  of  the  artairs  of  the  company  we  submit  a  bound  copy  of  the 
annual  reports  of  the  company  from  the  year  \S2{j  to  June  30,  I8(i7. 
Very  respecfully, 

JAMES  GUTHRIE,  PrtsUent. 
J.  H.  ROHER,  Secretary, 
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Tluis  it  will  be  seen  that  If  the  government  will  make  this  canal  free 
by  buying  the  remaining  live  shares  of  stoek,  and  assuming  a  debt  whicli  is 
payable  in  e<|ual  instahnents  in  3, 8, 13  and  18,  of  $1,507,000,  it  will  beeome 
the  owner  of  a  neeessaiy  piece  of  ])roperty  which  (*ost  »t 2,825,403  23, 
and  all  of  which  sum,  considering  the  (cheapness  of  labor  and  material 
wlien  the  original  canal  was  built,  it  is  now  worth.  It  will  get  besides 
about  $220,000  or  more  in  cash,  after  the  five  shares  are  bought  in,  to 
biggin  the  work  on  comi)leting  the  extension.  The  amount  of  cash  in 
the  hands  of  the  treasurer  on  December  If),  1807,  was  $217,453  70;  and 
it  is  not  probable  that  this  sum  will  be  diminished,  but  rather  increased. 

The  amount,  in  addition  to  the  cash  the  company  has  on  hand,  then 
required  to  be  appropriated  to  make  this  a  comi)h»te  and  ])erfect  canal, 
would  be  $1,174,000  ami  $1,507,000  in  bonds  bearing  a  six  percent,  cur- 
rency interest,  a  less  rate  than  any  [)ublic  security  at  the  present  time 
hilars.  The  total  sum,  therefore,  required  is  $2,741,000,  a  great  part  of 
which  is  payable  oidy  in  several  years  to  come. 

All  the  foregoing  is  written  on  the  assumption  that  the  canal  built  by 
the  government  should  last  at  least  a  hundred  years,  and  in  making  the 
estimates  only  the  very  best  class  of  materials  was  considered,  and  that 
during  this  period  the  Ohio  river  would  never  be  improved.  But  early 
in  my  studies  on  this  subject  I  came  to  the  belief  that  this  river,  even  if 
not  immediately,  will  be  improved;  and  this  belief  has  grown  so  strong 
on  ine  a.s  now  to  amount  to  almost  a  positive  conviction.  When  one 
reads  the  account^s  and  descriptions  of  internal  imi)rovements  in  the 
countries  of  Europe  and  finds  streams  im])roved  by  the  state  and  with 
benefits  to  the  state,  in  comparison  to  which  an  average  branch  of  the 
Ohio  river  is  quite  a  river;  and  when  one  sees  that  a  distinguished 
foreign  engineer  lays  it  down  as  a  ])rinciple  that  a  stream  lOJ  feet  wide 
and  l^  feet  deep  is  a  navigable  streanj  and  worthy  of  fosti»ring  care, 
and  all  this  in  addition  to  railroads,  one  is  naturally  led  to  think  over 
the  wants  of  this  country  in  the  future,  even  if  the  past  had  not  and  the 
present  did  not  imperatively  demand  such  an  ini[)rovement.  But  the 
l)ast  ha.s  and  the  i)resent  does  demand  it.  This  river,  with  it.s  branches, 
drains  the  whole  of  i)arts  of  ten  States  of  tin*  Union,  among  them  the 
wealthiest  and  most  populous.  It  is  one  of  the  most  important  in  a 
system  giving  18,000  miles  of  navigable  rivers. 

The  States  lying  upon  the  banks  of  the  Ohio  and  Mississippi  rivers, 
14  in  number,  had,  by  the  census  of  1800,  a  population  of  10,000,404,  or 
more  than  half  the  whole  population  of  the  United  States;  and  these 
two  rivers  have  a  coast  line  of  30,008  miles,  while  the  (Miast  of  the  Atlantic 
is  2,103  miles,  and  the  Gulf  of  Mexico  1,704  miles,  and  of  the  Pacitic  1,343 
miles,  on  a  line  of  21,354  miles,  including  bays  and  indentations. 

These  rivers  drain  an  area  of  1,785,2()7  stpiare  miles,  more  than  half 
of  the  whole  3,001,002  scpiare  miles  in  the  United  States,  and  these  14 
States,  in  1800,  contained  04,402,800  of  the  103,110,720  improved  acres, 
and  120,703,303  of  the  244,101,818  unimproved  aiaesof  the.  whole  United 
States;  and  the  valuaticm  of  [jroperty  in  these  14  States  shows, 
$8,407,511,274ofthe  whole  valuation  ofthe  United  States,  $10,077,358,715 
showing  very  conclusively  that  these  14  States  pay  more  than  one-half 
the  taxes,  work  more  than  half  ofthe  improved  land,  have  the  majority 
of  the  population  and  also  the  majority  of  the  land  to  develop,  of  the 
whole  United  States.  By  the  census  of  1800,  the  whole  product  of  the 
United  States  was  valued  at  $1,000,000,000,  while  the  foreign  ex[)<)rts  of 
the  domestic^  [jroducts  wereoidy  $373,180,274,  or  less  than  onelifth  of  the 
whole  product,  leaving  four-fifths  for  exchange  in  domestic  commerce 
between  the  States. 

The  proportion  of  the  whole  product  afforded  by  these  14  States  we 
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speak  for  may  be  judged  bytliese  returns  of  their  produce,  gathered  from 
the  census  of  ISGO,  and  compared  \vitli  the  whole  United  States,  as  follows: 


/ 


The  fourteen 
States. 


The     whole 
United  States. 


Corn bushels . . 

Whent bushels . . 

Oats bushels . . 

Tobacco pounds . . 

Sugar pounds . . 

Cotton pounds . . 

Wool pounds. . 

Hay tons . . 

Butter pounds . . 

Kemp tons . . 

Hogs 

Bi  tuminous  coal bushels . . 

Horses  and  asses 

Cattle 

Sheep 


I, 


3, 


63*2, 
1-20, 

jo:^, 

345, 
2-2-2, 
079, 
31, 
9, 
239, 

247, 

4, 

12, 

II. 


454.375 
9:H»,  730 
995.4()l 
400, 759 
036, 000 
799, 600 
277,  di9 
297,743 
601.405 
69, 470 
22:>,  766 
264, 425 
804.  (>34 
517,3l>2 
973,315 


t^38, 

173, 

172, 

434, 

2:«>, 

2,1^4, 

60, 

19, 

459, 

3,621, 

22, 


792,740 

643,  !<» 
2(»i»,  461 
SH2,lM)() 
82(1, 8iX» 
264.9I:J 

6"^l,:C-> 
7^,4^:5 
5l->,^7 
923, 165 
40i'.:h-2 
♦il6,Ul'J 
471, "275 


Showing' for  the  river  States  a  great  preponderance  in' the  products  of 
the  whole  country. 

The  total  tonage  owned  in  the  United  States  is  returned  in  the  census 
of  1800  as  5,35»5,<S08  tons,  and  the  portion  belonging  to  the  14  States  as 
900,200  tons,  but  it  is  estimated  by  competent  parties  that  the  steamers 
on  the  Ohio  and  Mississippi  have  carried  7,005,210  tons  during:  the  year 
1800,  evincing  the  activity  in  domestic  commerce  of  these  river  States, 
and  this  commerce  but  yet  in  its  infancy,  tor  it  is  developing  daily,  and 
demonstrating  that  from  these  States  has  and  must  come  the  food  sup- 
ply for  the  whole  nation  and  for  exjiorts  *  and  that  they  must  also  sup- 
ply the  gold  and  silver  States  which  are  developing  so  hugely  and  quickly 
upon  the  tributaries  of  their  rivers. 

Besides,  on  an  improved  Ohio  river,  more  freight  would  be  carried  ami 
at  cheaper  rates  between  Pittsburg  and  Cairo  than  by  a  half  do/en  rail- 
roads connecting  these  points. 

If  these  statistics  are  not  sufficitMit,  I  will  add  that  it  too  often  hap- 
pens, as  it  did  last  fall,  that  the  people  along  the  greater  part  of  these 
rivers  have  to  pay  50  cents  or  more  a. bushel  for  coal,  when  with  an  im- 
proved river  it  would  only  be  worth  10  cents.  That  many  tluwisunds 
suti'er  cold  and  many  are  thrown  out  of  employment  by  inanufucturers 
stopping  for  want  or  the  high  jnice  of  coal,  and  that  many  thousand 
men  engaged  in  the  river  trade  are  annually  thrown  out  of  employment 
for  several  months  because  this  river  is  not  improved.  I  am  contident 
that  the  amount  of  money  a-nnually  lost  in  this  way  to  the  ])eople  alon^ 
these  rivers  would  pay  the  interest  on  the  sum  required  to  do  the  work, 
and  have  so  large  a  surplus  for  a  sinking  fund  as  in  a  few  years  would 
eliminate  the  whole  amount. 

But  this  subject  is  in  the  hands  of  an  engineer  of  the  greatest  ability, 
and  my  desire  was  not  to  eiufioadi  on  his  duties,  but  merely  to  sketch 
some  of  tiie  points  w  liich  forced  the  conviction  upon  me  that  in  consid- 
ering plans  for  a  canal  around  the  falls  of  the  Ohio  w'e  must  take  into 
consideration  that  the  river  will  be  improved  during  the  life  of  the  canal, 
and  the  more  so  as  there  will  be  a  largc^  savingof  money  by  it,  especially 
if  a  new  canal  is  built  (m  the  Indiana  side. 

In  order  to  understand  what  I  propose,  it  must  be  known  that  the  mass 
of  rocks  causing  the  falls  of  the  Ohio  is  a  natural  dam  in  the  river,  and 
forms  a  pool  which  extends  up  to  Grassy  Flat  shoals,  16  miles  above; 
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that  below  the  falLs,  in  extreme  low  water,  the  Albany  and  Portland  bars 
are  insurmountable  obstructions;  that  between  8andy  island;  and  the 
Indiana  shore  the  river  bed  in  that  sta^j^e  is  in  places  nearly  dry,  and 
that  just  in  front  of  the  lower  portion  of  the  city  of  Kew  Albany  there 
befcins  another  dee])  pool,  into  which  the  Falling  Run  creek  enters. 

Now  my  proposition  is  that  a  strong  masonry  dam  be  built  across  the 
crest  of  the  rocks  in  front  of  Louisville,  to  raise  the  low-water  nnirk  three 
feet,  and  another  strong  crib-dam  be  built  across  the  head  of  Falling  Kun 
pool,  to  raise  the  low- water  mark  between  it  and  the  foot  of  the  falls  so 
mucii  that  at  no  stage  will  there  be  less  than  six  feet  of  water  between 
them.  Both  of  these  dams  sliall  be  provided  with  suit^ible  sluices.  The 
lower  one  to  have  a  sluice-way  next  to  the  Indiana  shore,  200  feet  wide, 
in  .which  the  water  shall  be  confined  by  a  return  of  the  crib-dam,  pnr- 
allel  to  the  Indiana  shore.  This  return  sliall  be  1,200  feet  loug,  as  the 
fall  i)roduced  by  this  dam  in  extreme  low  stages  would  be  about  four  feet. 
Up  this  sluice-way  boats  could  warp  in  extreme  low  stages.  A  lock  of 
four  feet  lift  might  be  substituted  if  necessary,  in  the  future,  when  a  sys- 
tem of  river  improvement  has  been  devised  and  put  into  execution. 

The  upper  dam  improves  Grassy  Flat  shoals,  one  of  the  worst  obstruc- 
tions in  low  water  between  Louisville  and  Cincinnati.  The  lower 
improves  the  river  up  to  Big  Eddy.  Neither  will  raise  the  high-water 
mark  more  than  two  inches.  Both  together  reduce  the  fall  at  extreme 
low  stages  to  25  feet ;  thus  diminishing  the  lift  of  the  locks  by  one  foot. 
The  upper  one  can  under  no  circumstances  cost  more  than  850,000,  nor 
the  lower  one  cost  more  than  $175,000,  taking  the  most  unfavorable  view 
in  both  cases.  The  ut>per  one  saves  three  feet  of  solid  rock  excavation 
along  the  whole  line  of  any  canal  which  can  be  built.  This  item  in  the 
Louisville  and  Portland  canal  extension  amounts  to  8270,500.  The  lower 
saves  in  the  same  work  all  the  channel  rock  excavation  below  the  locks, 
amounting  to  $100,000.  Deducting  the  (?ost  of  these  two  dams  from  the 
amount  they  save,  we  have  a  clear  gain  of  $235,500  on  this  route  alone. 
On  the  Indiana  side  the  gain  will  be  much  greater,  because  there  they 
make  a  route  which  comes  out  just  below  the  falls,  as  suitable  as  the 
longest  one  coming  out  at  Falling  run.  The  lower  one,  besides,  gives  an 
nn obstructed  ferrv  communication  all  the  vear  round  between  New 
Albany  and  Portland,  and  thus  to  Louisville,  which  is  a  great  benefit  to 
the  intercourse  between  those  places. 

To  sliow  the  gain  in  each  route  I  give  the  following  table  : 


Route 


L<>nisvin<^  jiiid  Portland  canal  on  plan  last 
adopted 

Lonisville  and  Portland  canal  according  to 
orijLjinal  plan 

LcMiijivillr  and  Portland  canal  as  I  think  it 
slionld  ho 

Indiana  side.  No.  1,  9()  feet  wide 

Iniliaua  side,  Xo.  1,  \2i)  feet  wide. 

Indiana  side.  Xo.  2,  90  feet  wide 

Indiana  side,  Xo.  2,  120  feet  wide 

Indiana  side,  No.  3,  90  feet  witlcs 

Indiana  side,  Xo.  *?,  120  feet  wide 

Indiana  sidr*,  Xo.  4,  tK)  feet  wide 

Indiana  side.  No.  4,  1*<J0  feet  widi? 

Indiana  side.  No.  5,  90  feet  wide 

Indiana  side.  No.  5,  120  feet  wide 

Indiana  side.  No.  6,  90  feet  wide 

Indiana  side,  No.  G,  120  feet  wide 


CoKt  without 

Cost  with 

Saving. 

the  dum.4. 

dams. 

$1,178,(K)0 

$G57, 300 

$235, 500 

i,2*)r>,or)0 

834, 500 

2:i5,5(K) 

1,394.000 

933, 500 

2:55. 500 

12,025,(M)0 

11,210,000 

590, 0(K) 

14,()00,000 

13,475,000 

900,000 

11,0()0,(M)0 

10,2S5,000 

.550,  (MM ) 

13,475,000 

12,400,(KM» 

a50,(MM) 

11,025,(M)0 

10,(>75,(KK) 

725,  (MM » 

13,5(»0,000 

12, 3^0, 000 

H95,  (MM» 

10,430,(M)O 

9,010,000 

405,  (MM» 

12,()75,OO0 

11,075,000 

775,  (MM> 

10,140,000 

9,425,00(1 

490,  (MM) 

12,300.000 

11,3(»0,00(> 

77.5,  (MM> 

r),340,(M»O 

5.^10,000 

305,  (MM! 

7,  835, 000 

G,  960,000 

1          650, 0»)0 

! 
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Table  showing  tlie  gain  in  each  route — Coiitiuued. 


Route. 


Indiana  sidc%  No.  7,  90  ft'ct  widt*. . 
Indinuji  »ido.  No.  7,  1*20  fjvt  wide. 
Indiana  side,  No.  H,  90  IVmT  wide.. 
Indiana  Hide,  No.  8,  120  feet  wide- 
Indiana  side,  No.  9,  90  I'eet  wide.. 
Indiana  si<le,  No.  9,  1*20  feet  wide. 
Indiana  nide.  No.  10,  90  Uni  >vide. 
Indiana  Hide,  No.  10,  1*20  fret  wide 
In<liana  side,  No.  11,  90  iwi  wide. 
Indiana  niile,  No.  11,  1*20  fret  wide 
Indiana  nide,  No.  1*2,  90  feet  wide. 
Indiana  side.  No.  1*2,  1'20  feet  wide 
Indiana  nide,  No.  1I<,  90  feet  wide. 
Indiana  Hi«le,  No.  13,  1*20  Hi^i^X  wide 
Indiana  side,  No.  14,  90  fe«  t  wide. 
Iiidijiua  side,  No.  14,  1*20  feet  wide 


Cost  without 

Cost  with 

tj      1  _     _ 

tlie  damn. 
1.^.  710, 000 

dauiH. 

Saving. 

§5.23n,f)00 

82.55.  (KKi 

(>,  85*2, 000 

0,*210,(M)0 

417.  (KW 

5,  i^r>,  (HK) 

4,i>25.<HK» 

235.  two 

6,  475. 000 

3,815,(H»0 

435,  (KJit 

4,100.000 

3, 770,  IKK) 

165,(«») 

5, 105.  0(M> 

4, 550.  (»00 

3:^0.  (HiiJ 

3, 5r>0,  (HK) 

3.2:?0,(KK) 

105.  (NNi 

4,  *280.  (KK) 

3, 8:^5,  (KK) 

*220.  OiXi 

3,255,000 

2,945,000 

85.  (KW 

3,910,000 

3,470,000 

21.5,  (KBI 

3,Ki5,0O0 

3, 50.5,  (KM) 

105,  (NUI 

4,7*25,000 

4,:^)0,(KX) 

150.  m) 

3,*275,om) 

2,9t»5,(XM) 

5.50,  l«W 

3, 9-20, 000 

3,540,(KKJ 

15.5,  («Xi 

*2, 970. 000 

*2,7(K»,0(X» 

45.(N»«l 

3.550.000 

3, 175.iKM) 

15tK«iU 

Thu8  showing*  a  great  saving,  even  if  the  cost  of  tlie  dams  is  deducted 
as  above.  But,  in  justice,  this  shouhi  not  h(»  done,  as  these  dams  improve 
HO  mik^s  at  least  of  the  Ohio  river,  and  their  cost  should  be  i)roi>er]y 
charged  to  the  Ohio  river  improvement.  Under  this  view  of  the  case 
the  above  table  reads  as  follows: 


Route. 


Cost  witliout 
tho  dams. 


Louisville  and  Portland  canal  on  plan  la^t 
adopted '. 

Louisville  and  Portland  canal  according  to 
oripnal  plan 

Louisville  and  Portland  canal  as  I  think  it 
should  be 

Indiana  side.  No.  1 ,  90  feet  wide 

Indiana  side,  No.  1,  1*20  feet  wide 

Indiana  side.  No.  2,  90  feet  wide 

Indiana  side,  No.  *2,  1*20  feet  wide 

Indiana  side,  No.  3,  90  feet  wide 

Indiana  side,  No.  3,  120  feet  wide 

Indiana  side,  No.  4,  90  feet  wide 

Indiana  side.  No.  4,  J20  feet  wide 

Indiana  side.  No.  5,  90  feet  wide.  .* 

Indiana  hide,  No.  5,  j*20  teet  wide* 

Indiana  side,  No,  6  90  feet  wide 

Indiana  side,  No.  6,  120  feet  wide 

Indiana  side,  No.  7,  90  feet  wide 

Indiana  side,  No.  7,  120  feet  wide 

Indiana  side,  No.  8,  90  feet  wide 

Indiana  side,  No.  8,  12o  feet  wide 

Indiana  side,  No.  9,  90  feet  wide 

Indiana  side,  f^o,  9,  I2(J  feet  wide ^. . 

Indiana  side,  No.  10,  90  feet  wide 

Indiana  side,  No.  10,  1*20  feet  wide 

Indiana  side,  No.  11,  90  feet  wide | 

Indiana  side,  No.  1 1,  1*20  feet  wide 

Indiana  side.  No.  12,  90  feet  wide | 

Indiana  side,  No.  12,  120  feet  wide | 

Indiana  side.  No.  13,  90  feet  wide \ 

Indiana  side.  No.  13,  120  feet  wide 

Indiana  side,  No.  14,  90  feet  wide 

Indiana  side.  No.  14,  120  feet  wide j 


$1,173,000. 
1 , 295, 000 


1, 

14, 
11. 
13, 

11, 
13, 

10, 

VZ, 

10, 

C), 

5, 
0, 
5, 

6, 
4, 
5, 
3, 
4, 
3, 

:^, 

3, 
4, 
3. 
3, 
*2. 
3, 


394, 
025, 
«(K», 
000, 
475, 
025, 
500, 
430, 
075, 
140, 
300, 
310, 
8Ii5, 
710, 
852, 
:J83. 
475, 
1  (•)(►, 
105, 
5(50, 
280, 
255, 
910, 

o.>-», 

725, 
275, 
920, 
970, 
550, 


000 
000 
000 
0(10 
OIK) 

mo 

0(K) 
(100 
0(!0 
000 
000 
000 
(»oO 
000 
t)00 

oto 
tioo 

000 
0(K) 

ouo 

000 
000 
000 
000 
000 
000 
000 
0(M) 
000 


Cost  with 
dams. 


Savinjif. 


$S,57,  300 

8;^4, 500 

933, 500 

11.210,000 

13,475,000 

10, 2-^5,  (KK) 

12,400,000 

10,075,000 

12,380,000 

9.010,000 

11,OT5,(»00 

9,425,<M>0 

1I,3(K»,(KX) 

5,810,000 

G,9i>0,0(K) 

5, 230,  (UlO 

f),2lO,(KKJ 

4,9-25,000 

5,5115,000 

3,770,000 

4,550,000 

3, 2:W,  000 

3, 835,  OCJO 

2,945  000 

3, 470, 0(H) 

3,505,000 

4,:^50,  (K)0 

2,  i»95, 000 

3, 54(S  000 

2,700,om) 

3,175,000 


8460, 500 

4(50,500 

4(50, 500 
815,000 

1,  125,  (KK) 
775, 000 

J ,  (r75,  (RK) 
950,000 

1,120,(HjO 
720.  (H)0 

l,(K>0,(Ki0 
7I5,H0() 

l,(fOO,(KK) 
5:U),  000 
875,  IHK) 
4^1),  IKK) 
G4-2,OJ»0 
46<»,IKH) 
(U^iO,  (KM) 
3i>0,lK>0 
555,  (H^K) 
330,  (HK) 
445, 000 
310,  (HK) 
440,  \m 
3:WK  (HH) 
375,  (K)0 
2-^0,  (HK) 
3!^0,(HH) 
270,  (KH) 
375.  (KH) 
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These  dams  built,  route  11,  costin«j  $3,470,000,  Ls  the  best  route  on  the 
Indiaua  side.  It  is  shorter  aud  cheaper  thau  auy  other  that  comes  out 
beh>w  the  falls. 

It  requires  ouly  one  railroad  draw-bridge,  aiul  one  other  for  other  j)ur- 
poses.  It  has  only  one  creek  to  cross.  It  begins  nearly  opposite  liouis- 
ville,  and  a  boat  using  it  i)asses  all  the  towns  and  cities  which  cluster 
around  the  falls.  It  therefore  does  not  disturb  their  coninuMcial  rela- 
tions. It  is  estimated  to  be  120  feet  wide,  and,  built  as  already  de- 
scribed, have  locks  100  by  400  feet. 

The  total  sum  then  re(iuired  to  make  these  improvements  in  a  proper, 
thorough,  and  therefore  economical  manner,  will  be — 

For  Ix)uisville  and  Portland  canal  extension $0:53, 500  00 

For  new  canal,  Indiana  side 3,  470, 000  00 

For  two  dams 225, 000  00 

Total 4,  028, 500  00 


Deducting  cash  in  hands  of  treasurer  of  the  Louisville  and  I'ortland 
Canal  Company,  would  leave  $4,408,500  to  be  appropriated  within  a  few 
years,  and  the  $1,570,000  in  bonds,  which,  as  already  stated,  have 
several  years  to  run. 

I  recommend  the  building  of  the  new  canal  on  the  route  indicated  on 
the  Indiana  side,  in  addition  to  the  Louisville  and  Portland  canal, 
because  it  is  the  only  one  on  that  side  of  the  river  that  approximates  in 
suitability  to  the  Louisville  and  Portland  in  an  engineering  point  of 
view.  It  has  a  better  entrance,  and  will  have  a  better  outlet  if  the 
dams  are  built.  At  the  same  time  it  is  much  longer,  requires  more  rock 
excavation,  and  has  a  small  (;reek  to  cross.  It  requires  one  bridge  less 
than  the  Louisville  and  Portland  canal. 

If  til  is  recommendation  is  approved  by  Congress,  I  will  need  the  fol- 
lowing appropriations  for  the  tiscal  year  ending  June  30,  1800  : 

For  completing  the  Louisville  and  Portland  canal  exten- 
sion   $033,  500  00 

For  commencing  the  new  canal  on  the  Indiana  side 1, 000, 000  00 

For  constructing  the  two  dams  above  mentioned 225, 000  00 

Total 2, 158, 500  00 


It  would  also  require  authority  to  build  the  dams  when  the  season  is 
favorable,  and  the  money  should  be  kei)t  to  the  credit  of  the  work, 
whether  it  is  done  the  first  or  third  year  after  the  ajjpropriation  is  made; 
for  there  may  not  be  a  very  low  stage  of  water  again  for  two  or  three 
3'ears,  and  a  foot  or  two  difference  in  the  stage  of  tlie  river  would  make 
quite  a  difference  in  their  cost. 

To  show  the  necessity  of  an  a<lditional  canal  with  such  large  locks,  I 
will  mention  a  case  which  occurred  last  month.  The  steamer  Great 
liepublic  left  New  Orleans  for  Cincinnati  with  tlie  enormous  load  of 
1,000  tons.  She  crossed  the  falls  of  the  Ohio  with  about  1,500  tons. 
While  she  was  unloading  at  Cincinnati  the  river  fell,  and  if  she  had  not 
hurried  and  made  a  remarkably  quick  trip,  and  relinquished  her  engage- 
ments for  freight,  she  would  have  been  unable  to  have  gotten  back,  and 
would  have  suffered  a  much  greater  loss  than  she  did.  Now,  then,  if 
the  Louisville  and  Portland  canal  extension  had  been  completed  it 
would  not  have  helped  in  this  case,  because  the  Great  Kepublic  is  larger 
than  the  locks.  Bnt  if  the  new  canal  had  been  built,  there  would  have 
been  no  trouble  at  all. 
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But  wliy  not  widen  the  Louisville  and  Portland  canal,  and  bnild 
another  set  of  locks,  100  by  400  feet,  alongside  of  the  others  f  Would  it 
not  cost  less  ? 

I  answer  to  this,  that  it  would  cost  less;  but  that  there  would  be  a 
^eat  trouble  from  collision,  danger  of  accidents,  and  loss  of  time  in 
throwing  all  the  work  into  this  one  channel  when  this  work  is  done  and 
made  free,  for  then  everything — steamboats,  tow  boats  and  llatboats — 
will  use  the  canal.  The  entrance  to  the  Louisville  and  Portland  canal 
is  not  very  good,  and  its  outlet  is  cramped  by  Sandy  island;  whereas 
on  the  Indiana  side  the  entrance  is  good,  and  at  the  outlet  there  is  a 
line  broad  stream,  where  there  is  plenty  of  room. 

The  difference  in  cost  should  have  no  weight  in  comparison  with  these 
advantages,  for  even  if  it  would  cost  a  great  dejil  more  than  this  amount 
to  im])rove  these  falls  properly,  the  government  is  in  honor  bound  to  do 
it,  I  think,  at  once;  and  I  do  not  think  I  state  the  ca^e  too  strongly,  for 
no  one  can  deny  that  the  Ohio  river  is  a  national  highway,  and  that  the 
falls  at  Louisville .  are  an  insurmountable  obstruction  in  this  highway, 
on  lui  average,  of  300  days  in  each  year.  It  was  clearly  the  duty  of  the 
government  to  remove  tliis  obstruction,  as  it  did  and  does  almost  every- 
where else  on  the  Atlantic  coast  and  northern  lakes;  but  instead  of 
doing  this  duty,  it  became  a  stockholder,  and  made  money  in  a  company 
chartered  by  the  State  of  Kentucky,  which  levied  an  onerous  and  unjust 
tax  on  the  commerce  of  the  country.  Up  to  June  24,  1807,  there  had 
been  collected  in  cash  from  boats  passing  through  this  canal  the  enor- 
mous amount  of  $4,207,078  23,  and  when  already  14  years  ago  only 
about  one-half  the  boats  navigjiting  this  river  could  pass  through  it.  It 
has  been  reported  to  Oongi*ess  from  oiiicial  soiuces,  and  is  true,  that 
many  boats  navigating  this  river  have  paid  for  tolls  during  their  lile- 
time  as  nuich  as  one-third  of  their  original  cost.  But  this  is  not  all.  A 
great  nniny  boats  that  have  been  compelled  to  use  this  canal  have  been 
so  much  delayed  and  damaged  in  passing  through  it,  in  conse4|uence  of 
its  incompleteness,  that  a  large  sum  was  lost  or  had  to  be  immediately 
expended  in  rei)airs.  It  is  a  small  estimate  to  say  that  the  loss  thus 
o.-casioned,  with  the  tolls  paid,  would  amount  to  $0,000,000.  Add  to 
this  now  for  the  extra  expense,  when  boats  could  neither  pass  the  falls 
i\{)v  through  the  canal,  in  transshipment  of  freight  from  Portland  to  Loais- 
ville,  and  vice  veraa,,  (and  which  reliable  men  inform  me  amounted,  in 
the  case  of  government  freights,  during  the  war,  to  a  sum  sufficient  to 
liave  built  an  entirely  new  canal,)  and  it  will  be  safe  to  say  that  the  com- 
mercial interests  of  this  country  have  been  damaged  to  the  amount  of 
at  least  815,000,000  by  the  failure  of  the  government  to  construct  a  suit- 
able canal  at  this  place.  And  the  attention  of  Uw  government  has  been 
called  to  it  almost  annually,  1  uiulerstand,  during  the  last  25  years,  and 
certainly  twice  by  government  engineers  of  acknowledged  ability  and 
great  experience  and  reputation.  To  make  the  matter  worse,  a  bridge 
is  building  under  a  charter  granted  by  the  governnicnt,  which,  during 
the  short  i>eriod  when  formerly  there  was  a  good  navigation  on  the  falls, 
now  interferes  with  it  in  the  case  of  large  boats,  because  in  the  very 
highest  stages  of  the  river  there  are  some  boats  so  large  that,  even  hy 
lowering  their  chimneys,  they  could  not  pass  under  the  bndge.  It  shoidd 
be  stated,  however,  that  these  stages  of  the  river  do  not  last  a  long 
while;  and  yet  the  company,  I  am  tohl,  has  done  a  great  deal  more  than 
its  charter  refjnires;  so  that  these  canals  shouhl  be  at  once  built,  becaiisf 
they  will  have  to  be  used  sometimes  in  high  stages  of  the  river  now,  as 
well  as  in  low,  and  the  canal  will  need  a  lock  at  its  head  instead  of  a 
guard-gate. 
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Tlie  only  way  for  government  to  do  to  repair  the  wronf(  is  to  make 
this  improvement,  and,  after  it  is  made,  only  char<>'e  (Miougfh  toll  to  pay 
for  the  management  and  for  keeping  it  in  repair.  This  is  what  the  com- 
mercial and  steamboat  interests  mean  by  a  ''free  eanal,"  and  is  all  that 
they  ask.  The  money  thns  appropriated  will  not  be  expended  nor  given 
to  any  particnlar  section,  bnt  will  be  an  investment  which  I  am  sure  will 
pay  to  the  government  more  interest  in  the  end  than  any  of  its  securities 
are  now  bringing,  and  will  benefit  the  whole  country.  And  I  make  this 
suggestion  with  a  full  appreciation  of  the  fact  that  the  country  has  a 
very  large  debt.  I  c<msider  this  improvement  more  deserving  of  sup- 
port than  any  railroad  enterpiise.  I  do  not  wish  to  be  understood,  how- 
ever, as  wishing  to  disparage  railroads,  for  I  ccmsider  both  equally  neces- 
sary* in  their  respective  spheres  for  a  proper  deveIoi)m(*nt  of  the  re- 
soiiri^es  of  the  countrv.  I  desire  here  to  state  timt  if  anv  system  for  the 
improvement  of  the  Ohio  river  should  be  devised  which  wouhl  call  for  a 
dam  on  the  crest  of  the  falls  higher  than  the  one  I  have  suggested  above, 
it  would  give  more  than  necessary  dei)th  of  water  in  the  Louisville  and 
Portland  canal;  but  in  case  of  a  new  canal,  every  inch  increase  in  the 
lieight  of  the  dam  would  diminish,  by  (piite  a  sum,  the  cost  of  excava- 
tion. I  have  taken  the  height  above  given  for  this  dam,  because  it  just 
^ves  enough  water  over  the  miter-sill  of  the  Louisville  and  Portland 
canal,  and  does  not  perceptibly  disturb  the  natural  order  of  things. 

In  conclusion,  1  think  that  the  directors  of  the  Louisville  and  Port- 
land canal  are  entitled  to  the  thanks  of  the  comnumity  for  their  praise- 
w^orthy  effoits  to  improve  their  canal  and  suit  it  to  the  wants  of  com- 
merce. I  return  to  the  members  of  it,  and  especially  to  Captain  E. 
Lockhart  and  their  late  engineer,  Mr.  T.  B.  8cowden,  my  sincere  thanks 
for  valuable  information  and  statistics,  and  their  uniform  courtesy  to  me 
and  my  party. 

I  desiie  also  to  thank  the  honorable  Secretary  of  the  Treasur}^  for 
permitting  me  to  see  the  history  of  the  Louisville  ami  Portland  canal, 
made  under  his  direction  by  Mr.  W.  1>.  Gallagher,  and  this  gentlenmn 
forgiving  me  the  use  of  a  set  of  drawings  relating  to  the  canal;  also  my 
entire  party  for  their  industry  and  good  behavior,  and  especially  to  Mr. 
George  li.  Eichbaum,  my  chief  assistant,  than  whoiu  the  government 
never  had  a  more  faithful,  honest,  conscientious,  and  energetic  servant ; 
and  finally  to  the  commissioners  of  Floyd  county,  Indiana,  for  their 
courtesy  and  kindm^ss  in  tendering  me  an  elegant  otlice  in  their  fine 
court-liouse  free  of  charge. 

The  ref)ort  of  my  assistant  is  added  herewith,  and  shows  all  the 
details  omitted  by  me  to  prevent  unnecessary  rei>etition. 
1  am,  sir,  very  respectfully,  vour  obedient  servant, 

G.  WEITZEL, 
Major  of  EnfjineerSj  Brevet  Major  General  U.  8.  A, 

Brigadier  General  A.  A.  Humphreys, 

Chief  Enijineer  Hdadquar tern  Corps  of  Engineers^  Wa^shinjton,  D.  C. 


J  2. 
SHIP  CANAL  AROUND  THE  FALLS  OF  THE  OHIO. 

New  Alb  anv,  Ind.,  Febnrxri/  8,  18(58. 

General:  I  have  the  honor  to  report  that  after  having  accompanied 
you  during  the  luelimiuary  examinatiim  of  the  vicinity  of  Jetfersonville 
and  New  Albany,  and  of  the  Louisville  and  Portland  canal,  1  proceeded 
according  to  your  orders  to  make  the  necessary  surveys  and  estimates 
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for  a  ship  cnnal  around  the  falls  of  the  Ohio  river,  on  the  Indiana  side, 
and  of  the  work  necessary  to  complete  the  enlargement  of  the  Louis- 
ville and  Portland  canal. 

The  snrveys  on  the  Indiana  side  have  inclnded  the  country  between 
the  Four  mile  spring,  abpve  Jefferson ville,  and  the  lower  end  of  the  slate 
bluff,  below  the  nunith  of  Falling  run,  and  from  the  river  two  miles 
back  near  to  Very's  mill,  on  Silver  creek.  This  district  is  undulating 
and  broken  by  Cane  and  Mill  runs.  Silver  creek,  and  Falling  run. 

The  work  was  begun  at  the  nu)uth  of  Falling  run.  The  line  A  was 
traced  up  the  valley  of  this  creek,  thence  across  to  Silver  creek,  near 
Very's  mill,  thence  eastward  to  the  bank  of  the  river  near  the  foot  of 
Penn  street,  Jefferson  ville,  and  thence  along  the  river  bank  to  the  point 
of  beginning.  • 

Line  B  was  begun  at  line  A,  in  the  valley  of  Falling  run,  near  the 
Cromie  dam,  jmssed  eastward  across  Silver  creek  to  line  A  at  statiou 
424,  north  of  Jefferson  ville. 

Line  C  was  tracked  from  line  A  at  the  corner  of  Main  and  IVnn  streets 
Jefferson  ville,  along  the  river  to  mouth  of  Four-mile  spring,  thence 
northwardly  across  the  Seven-mile  slough,  and  thence  westwardly  to  a 
point  on  line  A,  east  of  Jeff'ersonville. 

From  the  river  bank  to  lines  A  and  C  transverse  lines  were  traced  at 
intervals  of  from  200  to  1,000  feet  between  the  mouth  of  Falling  run  and 
Four-mile  spring,  and  levels  taken  every  100  feet  on  all  the  lines. 

The  toi>ographical  featnres  having  thus  been  ascertained  and  recorded 
upon  the  general  nmp  and  the  profiles,  the  lines  of  location  were  traced 
as  follows : 

Line  F  begins  at  the  lower  end  of  the  slate  bluff,  below  the  mouth  of 
Falling  run,  occupies  the  valley  of  that  stream  as  far  as  the  forks  near 
Cromie's  danij  in  the  northern  i)ait  of  iXew  Albany,  thence  passes  east- 
ward along  a  valley  south  of  Mr.  J)e  Pauw's  house  into  the  valley  of 
Silver  cieek,  thence  along  the  stream  to  the  iron  bridge ;  thence  east- 
ward to  a  point  120  feet  north  of  the  tlag-station  on  the  New  Albany  and 
Jeffersonville  railroad ;  thence  along  the  north  side  of  this  railroad 
across  the  valley  of  Mill  run  into  the  vallev  of  Cane  run,  below  the  tan- 
nery  west  of  Jeffersonville,  and  thence  to  the  river  at  the  mouth  of  a 
small  run  at  Port  Fulton. 

From  I'ort  Fulton  to  the  flag-station  the  excavation  would  consist  of 
clay,  then  graVel  and  thin  limestone.  The  average  de[)th  of  limestone 
excavation  wotdd  be  about  12  feet.  On  the  remaining  x>ortious  of  the 
line  the  limestone  has  above  slate  rock  and  then  clay. 

Line  E  commences  at  the  foot  of  Mulberry  street,  Jeffersonville,  parses 
between  Smith  &  Smysers  mill  and  the  car  works,  continues  across 
the  plain  to  Camp  Joe  Holt,  near  the  I^g  eddy;  thence  along  the  upi>er 
end  of  the  marsh,  across  the  bluff' of  linu>stone  rock  back  of  the  cenu^nt 
mill  to  the  moutliof  Mill  run,  nearClark(*sville,  thence  across  Silver  creek 
at  the  mouth  of  the  Loop,  and  thence  alojig  the  river  bottom  hinds  to  the 
edge  of  the  water  nearly  opposite  the  New  Albany  glass  works.  From 
Clarkesville  to  the  yipper  end  of  this  line  the  excavation  would  con- 
sist of  clay  aiul  gravel  underlaid  with  limestone.  On  the  remaining 
portion  of  the  line  the  limestone  dips  south  west  ward  and  is  overlaid  with 
slate  on  which  is  clay. 

Line  D  begins  at  station  308  of  line  F,  on  the  west  side  of  Jefferson- 
ville, in  the  valley  of  Cane  run  ;  descends  along  that  valley  and  curves 
northward  into  line  E,  near  the  Big  eddy  below  Camp  Holt.  The  mate- 
rial of  the  excavation  would  be  the  same  as  on  the  eastern  ])art  of  line  E, 

Line  Ct  begins  on  the  river  shore  at  statiou  7  of  line  E,  and  passes 
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aloii^  the  river  bank  in  front  of  Siriith  &  Sinyther's  mill,  and  then  curves 
into  line  E  at  Camp  Holt.  The  material  of  excavation  is  the  same  a« 
on  line  D.  Embankment  and  a  ijrotection  would  be  needed  on  this  line 
from  station  0  to  station  (m. 

Line  J  begins  at  line  E,  between  Clarkesville  and  Silver  creek,  and 
curves  into  ami  continues  in  the  valley  of  that  stream  until  it  strikes 
line  F  at  the  iron  bridge.  Tiie  material  of  excavation  would  be  clay, 
shite,  and  limestone. 

Line  II  begins  at  station  43  of  line  I),  and  strikes  the  river  at  Big 
eddy.     The  material  of  excavation  would  be  clay,  gravel,  and  limestone. 

IJne  I  begins  at  line  E,  near  the  lower  end  of  the  valley  of  Cane  run, 
and  extends  t^)  line  11  at  the  edge  of  tke  river  bluff  at  Big  eddy.  The 
material  of  excavation  would  be  the  same  as  on  line  II. 

Line  K  begins  at  section  121)  of  line  E,  above  the  cement  mill,  and 
continues  along  the  limestone  bluif  to  the  river  below  the* cement  mill  at 
the  foot  of  the  falls.  The  material  of  excavation  would  be  linu^stoiie 
and  clav. 

Line  L  begins  at  line  F  at  the  iron  bridge  over  Silver  creek,  curves 
eastward  into  the  valley  of  Mill  run  ;  continues  eastward  as  far  as  the 
ben<l  of  the  river  at  the  railroa<l  crossing,  thence  passes  along  the  line 
of  the  New  Albany  and  Jeffersonville  railroad  to  the  valley  of  Cane  run, 
and  connects  with  line  1>  above  the  railroad.  The  material  of  excavation 
would  be  clay,  gravel,  and  limestone  above  Mill  run,  and  clay,  slate,  and 
linuNstone  on  the  rest  of  the  line. 

The  ditt'erent  lines  of  location  form,  by  their  continuations,  the  follow- 
iug  routes,  viz : 

EouTE  No.  1 

Follows  line  F  throughout.  Length,  eight  miles  and  2,400  feet ;  13 
bridges  and  six  passing  places  reijuired.  The  first  deep  cutting  is  be- 
tween Fort  Fulton  and  Cane  run;  next,  between  Cane  run  and  Mill 
run,  and  then  along  the  north  side  of  the  New  Albany  and  Jeiferson- 
ville  railroad  to  near  the  flag-station.  From  Silver  Creek  westward  the 
exi*avatton  consists  mostly  of  cuts  across  the  bends  of  Falling  run. 

Route  No.  2. 

This  route  begins  at  the  upper  end  of  line  F,  follows  this  line  to  line 
1),  then  line  I)  to  line  L,  then  line  L  to  line  F,  and  then  this  line  to  its 
lower  end.  Length, eight  miles  and  2,328  feet;  10  bridges  and  six  pa.ss- 
ing  places  re(|uired.  The  deej)  cutting  is  similar  to  that  on  route  No.  L 
It  should  be  said  of  this  route  that  line  L  crosses  the  New  Albany 
and  Jetfersonville  railroad  twice.  Both  of  these  crossings  may  be 
avoided  by  shifting  the  railroad  track  to  the  south  side  of  Mill  run, 
comnu*ncing  at  the  east  en<l  of  tlie  railroad  bridge  at  Silver  creek,  and 
ending  at  the  present  line  of  road  between  Mill  and  Cane  runs.  It  is 
estinuited  that  the  cost  of  shifting  the  road  will  not  exceed  »^30,()00. 
The  cost  of  the  bridges  at  the  two  crossings  of  the  raihoad  is  estimated 
at  $80,000.     The  saving  by  shifting  the  roa^l  would  therefore  be  $50,000. 

Route  No.  3. 

This  route  begins  at  the  upper  end  of  line  F,  follows  this  line  to  line 
I),  then  line  D  to  line  E,  then  along  line  E  to  line  J,  then  along  line  J 
to  line  F,  and  then  this  line  to  its  lower  end.  licngth,  eight  miles  and 
3,029  feet;  17  bridges  and  six  passing  places  required.  The  deep  cut- 
ting where  this  route  follows  is  the  same  as  on  route  No.  1.    lu  addition, 
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t'lere  is  deep  cutting  near  Bi^  Eddy  bluif  on  line  D,  at  the  cement  mill 
o  1  line  E,  and  on  line  J,  between  Clarkesville  and  Silver  ereek. 

Route  No.  4. 

This  route  begins  at  the  nj)i)er  end  of  line  E,  follows  this  line  to  lin  ?. 
J,  then  follows  line  J  to  line  F,  and  then  follows  this  line  tx^)  its  lower  eiul. 
Length,  seven  miles  and  5,272  feet;  13  bridges  and  six  passing  i)laces 
reipiired.  The  first  4,000  feet  would  require  protection-wall.  The  first 
deep  cutting  on  this  route  is  between  the  river  and  Camp  Holt,  and 
where  it  follows  the  lines  J  and  F,  as  on  route  No.  3. 

KouTE  No.  5. 

This  route  begins  at  the  upper  end  of  line  E,  follows  this  line  to  line 
G,  then  this  line  to  line  E,  then  along  E  to  line  J,  then  this  line  to  line 
F,  and  then  follows  this  line  to  its  lower  end.  Length,  eight  miles  and 
4ol)  feet ;  12  bridges  an<l  six  passing  places  required.  A  protection-w  all 
is  needed  for  the  first  7,200  iWt  of  this  route.  The  deep  cutting  on  this 
route  is  the  same  as  on  route  No.  4. 

EOTTE  No.  G. 

This  route  begins  at  the  ui)per  end  of  line  F,  follows  this  line  to  line 
D,  then  this  line  to  line  E,  and  then  follows  this  line  to  its  lower  end. 
Length, five  miles  and  250  feet;  nine  bridges  and  five  passing  places 
required.  Deep  cuttings  on  lines  F,  D,  and  E,  as  already  stated,  and 
between  Springer's  gut  and  the  ghiss  works. 

EouTE  No.  7. 

This  route  begins  at  the  upper  end  of  line  E,  and  follows  it  to  its 
lower  end.  Length,  four  miles  and  2,080  feet;  live  bridges  and  four 
parsing  places  required.  Deep  cutting  as  already  above  stated  for 
line  E.  • 

Route  No.  8. 

This  route  l)egins  at  the  iqiper  end  of  line  E,  follows  it  to  line  G,  then 
along  line  G  to  line  E,  and  then  along  this  line  to  its  lower  end.  Length, 
four  miles  and  3,144  feet;  four  bridges  and  four  passing  places  required. 
Deep  cutting  as  already  above  stated  for  lines  E  and  G. 

Route  No.  9. 

This  route  begins  at  the  upi)er  end  of  line  F,  follows  this  line  to  line 
D,  then  this  line  to  line  E,  then  this  line  to  line  K,  and  this  line  to  its 
end.  Length,  three  miles  and  1,210  feet;  six  bridges  and  three  pa.ssing 
places  required.  Deep  cutting  on  lines  F,  D,  and  E,  as  already  stated, 
and  at  cement-mill  bluif,  on  line  K. 

Route  No.  10. 

This  route  begins  at  the  upper  end  of  Hne  E,  follows  it  to  line  G,  and 
then  this  line  to  its  lower  end.  Length,  two  miles  3,440  feet;  three 
bridges  and  two  passing  places  required.  Deep  cutting  on  lines  E  and 
K,  as  already  stated. 
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EOUTE  No.  11. 

This  route  be^u8  at  the  upper  end  of  line  E,  follows  it  to  line  G,  then 
follows  this  line  to  line  E,  then  this  line  to  line  K,  and  then  this  line  to 
its  lower  end.  Lenjo^th,  two  miles  and  3,904  feet ;  two  bridges  and  two 
l)assing  places  required.  De(»p  cuttings  as  already  stated  for  lines  E, 
G,  and  K. 

RorTE  No.  12. 

This  route  be^ns  at  the  upper  end  of  line  F,  follows  it  to  line  1),  then 
follows  this  to  line  H,  and  then  follows  this  line  to  its  lo  er  end. 
Ix^n^h,  two  miles  and  3,837  feet;  six  bridges  and  two  passing  places 
required.  Deep  cutting  as  already  stated  for  lines  F  and  D,  and  on  line 
H,  between  Cane  run  and  Big  eddy. 

Route  No.  13. 

This  route  begins  at  the  upper  end  of  line  E,  follows  this  line  to  line 
I,  then  follows  this  to  line  H,  and  then  follows  this  to  it«  lower  end. 
Length,  two  miles  and  742  feet;  three  bridges  and  two  passing  places 
required.    Deep  cutting  as  already  stated  for  lines  E,  I,  and  H. 

Route  No.  14. 

• 

This  route  begins  at  the  upper  end  of  line  E,  follows  this  line  to  line 
G,  then  this  to  line  E,  then  this  to  line  I,  then  this  to  line  H,  and  tlieu 
this  line  to  its  lower  end.  Length,  two  miles  and  1,206  feet;  two  bridges 
and  two  passing  places  required.  Deep  cutting  iis  already  stated  for 
lines  E,  G,  I,  and  H. 

The  cost  of  tfliese  different  routes,  with  a  width  of  90  and  120  feet, 
and  with  and  without  dams,  is  shown  in  detail  in  the  following  tables: 


-"  I 
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Table  showing  details  of  cost  of  routes  on  the 


Items. 


Onihbing  and  cleurlnpf BcreH. 

Earth  excaviitlouM,  and  pnt  Into  eiubunknient  \vli«re 

required cubic  yardn. 

Slnt«  rock  excavation do , 

Solid  rock  excavation do , 

Soliil  rock  excavation  under  water do 

Concrete   do 

Lock  uuiKOury do 

Lock  paten,  miter  nills,  and  macldnery palrg. 

Guard  gatcK,  miter  fills,  and  machinery do   . 

Guard  gatcH,  niai»onry  and  abutmeutn..  .cubic  VHrdti. 

Bridpef,  draw number. . 

Pa.H<*ing  places. do 

Land  acres . 

Wall  next  to  the  river cubic  yards. 

Pavement  or  Hl(»po  wall do 

Borrowed  material do 

Side  walls do 

Contingencies 


Total 


Price. 


$50  00 

35 

1  50 

2  50 
7  50 
6  50 

13  00 

Variable. 

Variable. 

13  CO 

40,  0(K)  00 

40,  OHO  00 

150  00 

2  50 

1  00 
35 

2  50 


Route  Xo.  I. 


Amount. 


Cost. 


4'.»         $2,  100 


5, 5r»5.  eoni 

3,  004,  500 

493, 200 

10,  000 

.3.  000 

57,  4(X)| 

5j 

l| 

7,000| 

13| 

461 


1,948,030 

4,506.751 

1,  2:J3,  lKH)i 

75.  (XR) 

1!).  .500 

74rt,2«iO 

115.0(X> 

20.  0  0 

9l,(KKi 

520.  OfK) 

24  •,  IHK) 

69,150 


Route  No.  2. 


Amount. 


3.  752.  eoo 

2.913.8  0 

4 17,  4O0 

10,01  to 

3,  (.00 

57,  4(X) 

5 

1 

7,000 

16 

6 

46i) 


Co*t. 


59  i        $2, 950 


1.313,480 

4,  .370.  ivf) 

l.m.3,5"*> 

75,  Otij 

19.  .=>))«) 
746,  200 
115.  00i» 

20,  OIX) 
91.000 

G4(»,  IHW 

240.  000 

69,  IKX) 


437,300    l,r93,25(V 
531,020 


;ll,210,0b0 


419,  0(W    l,047,50t»! 
4ii|,  I7U: 


10,  tit^S,  100 


Items. 


Price. 


Grubbing  and  clearing  1 acres.. 

Earth  excavationo,  and  put  into  embankments  where 

required cubic  yards.. 

Slate  rock  excavation do 

Solid  rock  excavation do 

Solid  rock  excavation  tinder  water do 

Concret" do 

Lock  nuiKonry do 

Lock  pates,  mifer  Kills,  and  machinery pairs.. 

Guard  gates,  miter  sills,  and  nutchinery do . . . 

fiuard  gates,  masonry  and  abutments  .  .cubic  yards. . 

Bridges,  draw number..  40, 

Pasding  places do 40, 

I.>and acres . . 

Wall  next  to  the  river cubic  yards.   ' 

Pavement  or  slope  wall do 

Borrowed  material do 

Side  walls do 

Contingencies 


150  00 


35 

50 
50 
.50 
51) 


#1,2C0 

631,120 
749,  850i 
95 »,  7.501 
150,  (K)Oj 

19,  .5«K) 
702,  IKtO 
107,  5  X) 

20.  0.  0 

9i.o;n 

160,000 
160,  t;{Ki 
37.  3.50 
280.00(1 
35.  (XK 
37.  KK' 
55(1.  25( 
2:16, 38 

Total , i  4,J>25,00 


7 

6 

13  00 
ariable. 
ariable. 
13  (MJ 
0(MI  00 
(XW  00 
150  00 

2  50 

1  00 
35 

2  50 


Route  No.  8. 


Route  No.  9. 


Amount. 


24 

1,  803, 200 

499, 90;  > 

380,  3lK) 

20,  n(K)| 

3, 0-iO| 

54,000 

5 

1 

7,  0(K) 

4 

4 

249 

118.  ooa 
:j5.  0(H) 

10(5,  0(H) 
222,500 


Cost.      I  Amount 


Cost. 


17 


$850 


2, 303,  700       806. 295 


533,250    1,333,125 


46,  300 
5 

1 

7,00) 

6 

3 

176 


601,900 
92,  IKK) 
20,  (KiO 
91.  (xr 
241),  Of  0 
12 ».  (HX) 
2(i,  4(X) 


102,  400       2.56, 000 
18^.4.30 


3,770.0(X>' 
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Indiana  side^  ninety  feet  icide^  with  the  dams. 


Ronte  Na  3. 

Route  No.  4. 

Route  No.  5. 

Route  No.  6. 

Route  No.  7. 

Amount. 

Cojjt. 

Amount. 

Gout. 

1 

Amount. 

1 

Co«t. 

$3,45U 

Amount. 

Cost. 

Amount. 

Gout. 

64 

13.200 

70 

$3,500 

69 

19 

$950 

25 

11,250 

2.002,300    1,050,805 

3.078.500 

1, 077, 475 

2,171,ia')       759,880 

3,085,300 

1,  079,  855 

2, 710,  600 

948.710 

2.69:i,000i  4,039,500 

2,693,000    4,039,500 

2,  693, 000   4, 039,  500 

499,900 

749,  850 

499,  900 

749.850 

532,800    l,:O2,(J00 

341.400       853, 5<.)!) 

353,1001       88'J,750 

560, 200 

1,  4i;0,  500 

4(8  800;  1,022.000 

10,  vqo        75.  (MX) 

10,000 

75,000 

10,  i.00|        75,  000 

20,000 

150,  noo 

20.  <-00 

150,  OlM 

3,  Ot«)         19.  500 

3,000 

19.500 

3,  OOOi         19.  500 

3.000 

19.500 

3.  COO 

19,500 

57,  400,       746, 2<K) 

57.400 

746,  2:i0 

57,  400       746,  2(X1 

54,000 

702,000 

54,000 

702.000 

5 

115.00J 

5 

115,000 

5        1J5.000 

5 

107,500 

.  & 

107.500 

1 

20,  WO 

1  i        20,  000 

1         20,000 

1 

20.000 

•  1 

20.000 

7,000         91.000 

7,000,        91,0<M) 

7.000         91,000 

7,000 

91.000 

7,000 

91.000 

17       680,  OOO 

13.      520, 000 

12       480,000 

9 

360. 000 

5 

200,000 

6       24 ),  000 

6       240, 000 

61      240. 000 

5 

200,000 

4 

160,000 

468         70. 200 

436         65, 400 

441'        66.1.50 

275 

41,250 

244 

36,600 

62,  600;       156, 500 
19,  6U0;        19, 600 

112.700i      281.750 

62,600 

156,500 

35  400:        35,  400 

... 

19.600 

19. 600 

50,  0(K>         17.  .500 

106.000 
227,900 

37,100 
569,750 

106, 000 
222,700 

37,  100 

"ivi,^  i.  105,  5661 

438.800 

1,  G92,  000 

441,200 

1, 10:3.  IKiO 

556, 750 

487, 095 

455, 825, 

448,  fft>0 
9, 425, 000 

280,745 

251,640 



10, 075, 000 

9,  610,  000 

5,  810, 000 

5,2:K),000 

Route  No.  10. 

Route  No.  11. 

Ronte  No.  12. 

Route 
Amount. 

No.  13. 

Route  No.  14. 

Amount 

Cost. 

Amount. 

Cost. 

Amount. 

1     Cout. 

1 

C08t 

Amount. 

Gost. 

23 

1,929,000 

$1,150 
675,150 

23 
1,021,600 

1        $1, 150 
^      357,560 

2 
2,  012. 600 

$100 
725.410 

12 
1,665,600 

$600 
582,960 

11 
758.200 

$550 
265, 370 

381,800 



954,300 

353,400 

,      883,500 

436,  700 

1,091,750 

281,500 

703,750 

253,000 

632,500 

•••••*****i  —  ■ """  — 

1 

"** 1" ""j     "'■  —  ■ 

1 .' 

46,300 
5 

1 
7,000 

3 

2 

145 

62,  60J 

19  600 

601,900 
92,000 
20,000 
91,000 

120.000 

'80,000 
21,  755 

156, 50U 
19.600 

46,300 

5 

1 

7,000 

2 

2 

149 

112,000 

35,000 

601,900 
92.000 
'        20, 000 
91,000 
8U,  OUO 
80.000 
22.350 

280.000 
35.000 

57,  400 
5 
1 
7,  000 
6 
2 
149 

746, 200 

115.000 

20,000 

.       Ol.tKX) 

240,  000 

80,000 

22,350 

57,400 

5 

1 

7,000 

3 

2 

117 

62,600 

19,600 

746,200 

115,000 
20,000 
91,  (00 

120,  OUO 
80,000 
17, 550 

156,550 
19,600 

57,  400 

5 

1 

7,000 

2 

2 

122 

112.000 

35,000 

746.200 
115.  OCO 
20,000 
91.000 
80,000 
80,000 
18,300 
280,000 

35,000 

97,666 

242.500 

153.950 

103,100 

257,750 
142, 790 

82.000 

265.660! 
168,  190. 

7e,700 

196, 750 
145,090 

83,100 

307,750 
128,330 

3,230,000 

2, 945, 000 

3,505.000|. 

2,  995,  COO 

2,700,000 

35  w— Part  II 
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Ttible  shotting  delaUs  of  cott  of  rovUes  on  the 


Items. 


Grubbing  and  clearing acres.. 

Earth  excavation,  and  put  into  einbankmentn  wliere 

nquirtd cubic  yards.. 

8lrt te  excavation do 

Solid  nak  excavHtion do 

Solid  ruclc  under  water do 

Side  WHllrt do 

Concrete do 

Locii  inaMouiy do 

Lock  gateH,  miter  tiill«,  aud  machinery pairs.. 

•Guard  gates,  miter  liSils,  and  m  ci  inery do. . . 

Guard  g.ituH.  moMonry,  and  abutments.  ..cubic  yards.. 

firidgex,  dinw,  complete number.. 

Pushing  places do.... 

Land    acres . . 

Wall  next  to  the  river ctibic  yards.. 

Pavement    r  HJope  wall do 

Borniwed  material do 

Contingeucit  s 


Total 


Price. 


$50  00 


35 

5(1 

5() 

5 

.5(1 

5<» 


13  00 

Variable. 

20,000  00 

13  00 

40,  0(10  00 

4U,  001)  liO 

150  00 

2  5  I 

1  00 

35 


Route  No.  1. 


Amount. 


Cost. 


42 

.'i.SlS.QOO 

3, 2i)5  000 

662, 700 

KJ.  (KM) 

366.600 

.3.0  0 

57,200 

5 

1 

7,000 

13 

6 

461 


$2,100 

2,  0.34, 620 

4, 1*42.  60() 

1,656,750 

75,  0011 

916,500 

19.500 

743,  600 

115.000 

20,  000 

91.000 

520.  000 

240,  000 

69,  J  50 


579.280 


12, 025,  000 


Route  No.  2. 


Amount. 


Cost 


59| 

.3,931,6)0 
3,  187.20) 
59  ».  300 
10.00); 
352.  OOO; 
.3.  00: )i 
57,200 
5 
1 
7,000 
16 
6 
460 


•2.950 

I,  376.  C^ 

4, 780,  bOO 

1,  47.^  750' 

75.000 

68J,  (KIO 

19.500 

743,  6(i0| 

115.0001 

20,  a  Oi 

91,  (OO! 

642.  0001 

240.  OlK»i' 

69,000 


529,340 


11,060,000 


Items. 


Grubbing  and  clearing acres.. 

Earth  excavation,  and  put  into  embankments  where 

requiri'd cubic  yards.. 

81ate  excavation : do 

Solid  rock  excavation do 

6o!id  rock  excavation  under  water do 

Side  wal  s do 

Concrete do 

Lock  masonry do 

Lock  g  ten.  miter  sills,  and  machinery pairs.. 

Guard  gut>  s.  miter  sills,  and  machinery do. .. 

Bridges,  draw,  complete number. . 

Passing  places '. do 

Laud      ocres.. 

Wall  next  to  the  river cubic  yards.. 

Pavement  or  slope  wall do 

Borrowed  material do 

Guard  gutf,  abutmeut,  and  masonry do 

Contingencies 


Total. 


Price. 


$50  00 


35 

5() 
50 
50 

50 


13  tx) 

Variable. 

Varinbl**. 

40,  000  0(» 

40,  0()0  00 

150  00 

2  .-iO 

1  00 

35 

13  00 


Route  No.  e. 


Amount. 


24 

1,899,900 

53:3.  500 

564.400 

20,000 

184,900 

3,  000 

5:1,800 

5 

1 

4 

4 

249 

112,000 

3,^0<X) 

8t).  01,0 

7,000 


Cost. 


$1,200 

664,1*65 

800, 250 

1,411,000 

150,000 

462. 2.V 

19,500 

699.400 

107,  500 

20.000 

160, 000 

'  160.000 

,37,:i50 

280.00.) 

35,  000 

28.000 

91,000 

257.  585 


5,385,000 


Route  No.  9. 


Amount. 


Cost 


i: 


$850; 


SAI 


2, 402,  500       840, 875| 

' I 

694,400    1,736,000 


76,520       191.300 


46.  100 

1 

6 

3 

176 


599.30.1 

92,000 

20.000 

240.000 

120.001) 

26.400 


7.000         91.000 
202.275 


4.160,000 
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Indiana  side^  ninety  feet  wide^  without  the  dams. 


Route 

No.  3. 

Route  No.  4. 

Route  No.  5. 

Route  No.  6. 

Route  No.  7. 

Amonnt. 

Cost. 

Amount. 

Coat. 

Amonnt. 

CoBt. 

Amonnt. 

CoBt. 

Amonnt. 

Cost 

64 

♦3,2U0 

70 

$3,500 

69 

•:i.450 

19 

$950 

25 

$1.2S0 

3.  629.  800 

1,270.430 

3, 277, 200 

1.147,020 

2, 204,  70(1 

803,145 

3, 234, 900 

1,132,215 

2, 882, 40( 

1, 008. 840 

2.  931,  4  W 

4.3»)7.  100 

2,931.400 

4,397,  100 

2,931,4.0 

4,. -397.  100 

5.33,  .500 

81:0, 250 

5;W,  5(X) 

800,250 

740.  4(J0 

1,851,000 

559,  7X1 

1,  ,399, 250 

5.35,7.0 

1,:3:W,250 

769. 300 

1, 923,  250 

588.50(f 

1,47'. 250 

lU.OttO 

75, 0!M) 

10.  COO 

75,000 

10,000 

75,  OCX) 

2«).  (KX) 

1.50.  (too 

20.000 

l.'>/,000 

36.^.914 

9  «.  285 

368.  4(X) 

921,  (XKJ 

372.  00() 

930.000 

186,  300 

465,  7.50 

185. 8<X) 

4t)4,  500 

3,  (XX  > 

19,5(K) 

3.  OCX) 

19.5(X) 

3,  00;) 

19. 5!X) 

3. 000 

19.500 

3.000 

19.500 

57, 2(X) 

743,  600 

57,200 

743.  600 

57,200 

713.  6'»0 

53,800 

669.  4(H) 

53,800 

699. 400 

5 

115.  OtX) 

5 

115,000 

5 

115.000 

5 

107,500 

5 

107.500 

1 

2i»,00<) 

1 

20,  0(X) 

1 

20, 000 

1 

20, 000 

1 

20,TK)0 

7,000 

9l.(XKl 

7.00f) 

91,000 

7,005 

91.  (XX) 

7,000 

91,000 

7,000 

91,000 

17 

680,  (XXI 

13 

520.  (MK) 

12 

480.000 

9 

360,  01)0 

5 

2(X),000 

6 

240. 004  > 

6 

240,  000 

6 

240.  000 

5 

200,  OlH) 

4 

161).  000 

468 

70,200 

436 

65,4(X) 

441 

66.  150 

275 

41,500 

244 

36,600 

62  6!  to 

156  .500 

112,700 

281.  750 

1 

62,6(X 
19,  6J0 

156,  .500 

' 

19,  61 K) 

19,600 

33,400 

35.  4(X) 



19.600 

50,  LOO 

17, 5CX» 

80,666 

28.000 

80,000 

28.000 

526,  685 

496,  530 

482, 155 

300.935 

275,  810 

11,025,000 

10,  430, 000 

10,  140, 000 

!  6,340,000 

! 



2,710,000 

1 

R'jute 

No.  10. 

Route  No.  11. 

Route  No.  12. 

Route  No.  13. 

Ronte  No.  14. 

Amount. 

Cost 

Amount. 

Cost 

Amcuut. 

Com. 

Amount. 

Cost. 

Amount. 

Cout. 

23 
2,  049, 900 

$1,150 
717.  465 

23 

1,067,400 

$1, 150 
373,  591) 

2 
2,091,4CO 

$100 
731,  990 

12 
1,775,500 

1600 
621, 425 

11 
793,000 

$550 
277,550 

513,700 

1,284,250 

489, 700 

1,224,250 

581,500    1,453,750 

392,100 

980. 250 

368,000 

920, 000 

76,000 

190,000 

79,  600 

.199,000 

"  60,' 300       156,756 

61,200 

153,000 

64.800 

162,000 

46.  UK) 
5 
1 
3 
2 
145 

62  600 

*599.'366 
92.  000 
20.  0  M) 

120.  COO 
60.  (X)) 
21.7.50 

156.  5'^W) 
19,60J 

46,100 
5 

1 

149 

]12.(XK) 

35,000 

599.300 
92.  00., 
2),  000 
80,0  0 
80,  OCX  1 
22. 3r>o 

280.  (X)l) 
35,  OCXI 

'""57,260 
5 
1 
6 
2 
149 

743.  600 

115,000 

20.  (MM) 

240.  000 

80,  (XK) 

22,350 

57,200 

5 

1 

3 

2 

117 

62.600 

19,600 

743.  600 
11.5,000 

20.000 
120,000 

80,  OUO 

17,  .5.50 
156,  5(X) 

19, 600 

57,200 

5 

1 

2 

2 

122 

112.  COO 

35,000 

743,600 
115,000 
20.000 
80  000 
80.  000 
18,300 
280.000 

19  6(K) 

35,000 

" 

7,000 

91,000 
166.  9S5 

7,000 

91.0r0 
157,  460 

7,  COO 

91,  OCX) 
186.  4(k) 

7,000 

91,000 
156, 475 

7,000 

91.000 
147,000 

. 

3.  560, 000 

3, 2:»5,  too 

3, 835, 000 

3,275,000 

2, 970, 000 

I 
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Table  sJtowing  details  of  cott  of  routes  on  tit 


(Grabbing  and  clearing acres.. 

Earth  excavation  and  pnt  Into  embankments  where 

requir«^d  .  .*! cubic  yardn. . 

Slate  excavation do 

Solid  rock  excavation do 

Solid  rock  excavation  under  water do 

Side  wallg do 

Concrete do 

Lock  masonry do 

Lock  gates,  miter  silll^,  and  machinery [>idn. . 

Guard  gates,  miter  sills,  and  machinery do . . . 

Quard  gates,  masonry  and  abutments.. cubic  yards.. 

Bridges,  draw,  complete number.. 

Passing  places do 

Land acres.. 

Wall  next  to  the  river cubic  yards. . 

Pavement,  or  slope  wall do 

Borrowed  material 

Oontingencies. 


Total 


Price. 


$50  00 


35 
50 
50! 
50! 
50 


50 


1 
2 

7 
9 
6 

13  oo; 

Variable. 

—  do  ... 

13  00 

50,000  00 

50,000  00 

150  00 

2  50 

1  00 

35 


Route  No.  1. 


Amount 


Cost. 


45 

6, 596, 300 

3.754,900 

642,600 

10,000 

437.  .'WO 

3,000 

60,900 

5 

1 

8,000 

13 

6 

492 


$2,250 

2,309,405 

5. 632. 350 

1,606,5011 

75,000 

1, 093, 2.'i0 

19,500 

791,700 

143.500 

25.000 

104.000 

650,000 

300,000 

73,800 


648, 745 


13, 475, 000 


Route  No.  2. 


Amount. 


Cost 


63;        $3, 150 


4. 578, 400' 

3,643,400 

540, 700 

10.  oooj 

419,000^ 

3,000' 

60,900* 

5 

1 

8,000 

16 

6 

491 


1,602,440 

5,  465,  ICO 

1,351,750 

75,0031 

1.047,5001 

19,500 

791,700; 

143,5001 

25,0001 

104,000 

800.000 

300,000| 

73.650! 


597,710 


12,400.000 


Grabbing  and  clearing acres. . 

EUirtb  excavation  and  put  into  embankments  where 

required cubic  yards. . 

Slate  excavation do 

Solid  rock  excavation do 

Solid  rock  excavation  under  water do 

Side  walls do 

Concrete do 

Lock  masonry do 

Look  gates,  miter  tills,  and  machinery pairs. . 

Guard  gates,  miter  stUri,  and  machinery do . . . 

Guard  gates,  masonry  and  abutments. .  .cubic  yards. . 

Bridges,  draw,  complete number.. 

Passing  places do 

Land acres . . 

Wall  next  to  the  river cubic  yards. . 

Pavement,  or  slope  wall 

Borrowed  material 

Contingencies 


Total. 


Price. 


150  00 


35 
50 
50 
50 
50 
50 


13  00 
Variable. 

do  ... 

13  00 

50.000  00 

50,000  00 

150  00 

2  50 

1  00 

35 


Route  No.  8. 


Amount 


26 

2, 344, 000 

631.200 

507,600 

20,01)0 

222,500 

.3,000 

56,000 

5 

1 

8,000 

4 

4 

265 

112,000 

35. 00(1 

60,000 


Cost. 


$1,300 

820,400 
946,800 
1,269,000 
150,000 
556,250 

19,500 
728,000 
134.000 

25,000 
104,000 
200,000 
200,000 

39,750 
280.000 

35,000 

28,000 
278,000 


5, 815, 000 


Route  No.  9. 


Amount. 


Cost. 


18, 


$900 


2,798,400;      979,440 


701,40Oj  1,753,500 


102, 400;      256, 000 


47,300 

? 

8,000 

6 

3 

188 


614.900 
115,000 

25.000 
104,000 
300.000 
150,000 

28,200 


233,060 


4.550, 


000 
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tndiana  side^  one  hundred  and  twenty  fe^  wide,  with  the  dams. 


Route  No.  3. 


Amount. 


68; 

4.226,000 

3,365,400 

708,200 

10,  (HK) 

44-2. 2<K) 

a  000 

60.900 

5; 

1 

8,000 

17 

6 

499 


Cost. 


$3,400 

1,479,100 

5. 048, 10(1 

1, 770,  ,500 

7.500 

1,105,500 

19,500 

791. 7U0 

143,  500 

25,000 

104,000 

850,000 

300.000 

74,850 


589, 8(X) 


12,380,000 


Route  No.  4. 


Amount. 


75 

3, 821, 400 

3,  365,  400 

512,600 

JO,  000 

436.800 

3,<i00 

60,90J 

5 

1 

8.000 

13 

6 

465 

62.600 

19,600 


Cost. 


$3,750 

1,337,490 

5,048,  100 

1,281,500 

75.000 

1. 092, 000 

19,500 

791,700 

143, 500 

25,000 

104,000 

650,000 

300,000 

69,750 

156, 300 

19,600 


557,610 


11, 675, 000 


Route  No.  5. 


Amount. 


7:1 

2, 784,  500 

3, 365, 400 

474, 800 

10,000 

441,200 

3,000 

60,900 

5 

1 

8,000 

12 

6 

470 

112,700 

35.400 


Coat. 


$3,650 

974, 575 

5, 048,  100 

1, 187, 000 

75,000 

1, 103, 000 

19,500 

791,700 

143,500 

25.000 

104,  COO 

600. 000 

300.000 

70,500 

281,750 

35,400 


537,275 


11,300,000 


Route  No.  6. 


Route  No.  7. 


Amount.  I     Cost. 


20 

3,785,600 

631,200 

741,000 

20,000 

227,900 

3,000 

56,000 

5 

1 

8,000 

9 

5 

294 


80,000 


$1,000 

1,324,960 

946, 8(K) 

1, 852, 500 

15U,  000 

56D,  750; 

19.  500 

728.  000 

1.34, 000 

25,000 

104,  000 

450, 0(X)' 

250.000 

44,100 


Amount 


28,000 
332.200 


27 

3,381,000 

631.200 

545.300 

20.000 

222,700 

3.000 

56,000 

5 

1 

8,000 

5 

4 

250 

62,600 

19, 60;i 

80,000 


COBt. 


$1,390 

1,  ia3,350 

946,800 

1, 36:j,  250 

150,000 

556,750 

19.500 
728,000 
134,000 

25,000 
104.000 
250,000 
200,000 

39.000 
156,500 

19,600 

28,000 
304,900 


6,960,000] 6,210,000 


Route  No.  10. 

Route  No.  11. 

Route  No.  12. 

Route  No.  13. 

Route  No.  14. 

Amount. 

Co«t. 

Amount. 

Cost. 

Amount. 

1 

Coat. 

Amount. 

Coat. 

Amount. 

Coat. 

25 
2,393,700 

$1,250 
837,795 

24 
1, 356, 800 

$1,200 

474,880 

2 
2,509.200 

$100 
878,220 

! 

13            $650 
2, 070, 500       724, 625 

12 
1,033.300 

$600 
361.655 

505.700 

1.264,250 

468,000 

1, 170, 000 

583,700 

1, 459, 250 

374,712       936,780 

337,000 

842,  SCO 

97,100 

242,500 

103,100 

257, 750         82, 000 

205,000 

78,  700;       196, 750 

83,  ic6       207. 750 

47.300 

5 

1 

8,000 

3 

2 

154 

62  600< 

614,966 
115.000 

25.000 
104,000 
150.000 
100.000 

23.100 
156.500 

19,600 

47,300 

5 

1 

8,000 

2 

2 

159 

112.000 

35,000 

614,900 
115,000 

25,000 
104,000 
HiO.  000 
100,000 

23.850 
280,000 

35,000 

60,900 
5 
1 
6,000 
6 
2 
159 

791, 700 
143, 500 

25,000 
104,000 
.300,000 
100, 000 

23.850 

66,960!      791,766 
5       143, 500 

1  25.000 
8, 000:      104, 000 

3!      150. 000 

2  100,000 
125!        18, 750 

62, 6001      156.  500 
19. 600         19. 60O 

60,900 

5 

1 

8.000 

2 

2 

130 

112.  000 

35.000 

791,700 
143,500 

25.000 
104,000 
100,  COO 
100.000 

19,500 
280,000 

19*600 

35,000 

181, 105 

168,420 

219, 380 

172,095 

163, 795 

3,835,000 

3,  470.  000 

4, 350, 000 

3. 540, 000 

3, 175, 000 

550 
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Table  showing  details  of  cost  of  routes  on  the  ladiat 


Qrnbbing  and  clonring acres. 

Earth  excavation,  put  into  embankments  where  re- 
quired  cubic  yards. 

Slatt^  excavation do 

Solid  roclc  excavation , do 

Solid  rock  excavation  under  water do 

Side  walls do 

Concrete do 

Lock  inaKonry do  

Lock  gates,  miter  silln,  and  machinery paiis. 

Quard  gates,  miter  sills,  and  machinery do . . 

Qnard  gates,  abutments,  and  masonry.. cubic  yards. 

Bridges,  draw number. 

Passing  places do... 

Land   

Wall  next  to  the  river cubic  yards. 

Pavement,  or  slope  wall do.... 

Borrowed  material do 

Contingencies 


Price. 


$50  00 

35 

1  50 

a  5(j 


50 
50 
50 


7 
2 
6 

13  00 

Variable. 

Variabl**. 

J3  00 

50,  OCO  00 

50,000  00 

.  150  (K) 

2  50 

1  01) 

35 


Total 


Route  No.  1. 


Amonst.        Cost 


45 

6. 846, 600 

4, 125, 900 

885.  100 

10,(100 

366, 6')0 

3,  (:0I) 

60,700 

5 

1 

8,000 

13 

6 

492 


$2,250 

2,396,310 

0,  tb'8,  850 

2,212,750 

75. 000 

916,  500 

19.5'»0 

789.  100 

143.  500 

25.  000 

J(M.O0O 

650,  UOO 

300,  000 

73, 800! 


Route  No.  2. 


Amount. 


Cott 


63 

4, 758. 200 

3.  993,  8(M»| 

781.500' 

10.  000 

352. 000' 

3,  00<»i 

60,  700 

?i 

8,  00<» 

16 

6 

491 


7a3,  440 


[14,600,000 


$3,150 


l,665,37ffl 

5,  V*90. 700 

l,953,75d 

75.  OOOl 

880,0t)0i 

19.50C'( 

789.  100! 

143. 50f»: 

25.0001 

104,00li| 

800,OOUj 

3O0,  (MH'l 


052, 28U, 


13,475,000 


Grubbing  and  clearing .acres. 

Earth  excavation,  put  into  embankments  where  re- 
quired   cubic  yards. 

Slate  excavation do 

Solid  rock  <^xcavation do 

Solid  rock  excavation  under  water do 

Side  walls do 

Concrete do 

Lock  masonry do 

Lock  gates,  miter  sills,  and  machinery pairs. 

Guard  gates,  miter  sills,  and  machinery do . . 

BridgeM,  draw ^ number. 

Passing  places do. . 

Land 


Wall  next  to  the  river cubic  yards. 

Pavement  or  slope  wall do 

Borrowed  material do 

Guard  gate,  abutments,  and  masonry do 

Contingencies 


Total. 


Price. 


$50  00 


35 

.50 
50 
50 
50 
50 


13  00 

Variable 

Variable 

.50,  (X)0  00 

50,000  00 

150  00 

2  50 

1  00 

35 

13  00 


Route  No.  a 


Amount. 


2, 455.  TOOi 
676.  ooo: 

752, 900, 

20.  000 

184,900 

.3,000 

55,800 

5 

1 

4 

4 

265 

112,000 

:35,000 

50, 0<H) 

8,000 


Cost. 


26:        $1,300 


859, 

1.014. 

1.882. 

150, 

462, 

19. 
725. 
M4. 

25, 
200. 
200. 

39. 
280, 

35, 

17. 
104. 
315, 


Route  No.  9. 


Amount. 


CosL 


18 


$900 


76,520 


191,300 


100 
5 
I 
6 
3 

188 


495  2,898,100   1,014,335 

000 1 1 

250       926,600,  2.316,500 

0(t) 

250 

500 

400 

0(X) 

000 

000 

000 

750 

000 

000 

500 

000 

555 


612.3001 

11.5,0(10' 

25.000 

300.000 

150.01.0 

28.200 


80.000 


104.000 
247, 465 


6,475,000! !  5,105, 


000 


REPORT   OF   THE    SECRETARY    OF   WAR. 


551 


side^  one  hundred  and  twenty  feet  wide,  without  the  dams. 


Route 

No.  3. 

Route 

No.  4. 

Route 

No.  5. 

Route 

No.  6. 

Route 

No.  7. 

Amonnt. 

Cost. 

Amoant. 

Cost. 

Amount. 

Cost. 

Amount. 

Cost 

Amount. 

Cost. 

68 

13.400 

75 

73 

|3,  &50 

20 

li.oco 

27 

$1,350 

4.  <06. 000 

1.542.100 

4. 022. 600 

11,407.910 

2. 925,  50  1 

1,  023. 925 

3, 936. 200 

1,  :m,  670 

3,552.8:0 

1,243,480 

3,  f  69.  600 

5.  5')4.  4m) 

3,  6H9. 600 

5,  504.  400 

3, 669.  600 

5.504.41(0 

676.  (MTi 

1, 114.000 

676.  80  1 

1.014.000 

S95.000 

2, 488. 5(K) 

750,  OOO 

1. 875, 000 

718.  200 

1,  795,  500 

1, 030.  000 

2, 575.  000 

781.  100 

1,961,750 

10,  0(10 

75.  «KK» 

10.000 

75.  001) 

10.0)0 

75,000 

20.  (K)0 

150, 000 

20.  0"0 

150.000 

338.914 

922. 285 

368,4)0 

921,  (H)0 

372,  (X)0 

930.000 

186.  000 

465. 750 

185.  H(H» 

464. 500 

3.  OIX) 

19.50) 

3,000 

19,500 

3.000 

19,500 

3,  no;) 

19.500 

3.00t 

19.500 

30,70<J 

789.  UK) 

60,700 

789,  100 

60,700 

76!),  100 

55,800 

725,  400 

55.800 

725.  400 

5 

143.500 

5 

143.  .500 

5 

143.  50 ) 

5 

134.000 

5 

134,000 

1 

25,  OfK) 

1 

25.000 

1 

25.  o:»o 

1 

25,000 

1 

25.000 

8,000 

104.  000 

8,000 

104,  OoO 

8,000 

104,000 

8,0U0 

104,000 

8,000 

104.000 

17 

850.  000 

13 

650.  000 

12 

60:»,  000 

9 

450.000 

5 

250.000 

6 

310,0'm 

6 

300.000 

6 

30<»,  000 

5 

250,000 

4 

200.000 

499 

74, 85 ) 

465 

69.  7.50 

470 

70.  .500 

294 

44,100 

2fi'» 

39, 000 

62. 600 

156, 500 

112.  700 

281.7.->0 

62.600 

156. 500 

19,600 

19,600 

35,400 

35,400 

19.  6K) 

19. 600 

56,606 

17,566 

50.000 

17,5)0 

658,365 

610,  99r) 

598, 775 

377,  080 

326. 420 

.•...•.... 

13, 500, 000 

12,  675, 005 

12,300,000 

7, 835, 0(J0 

6. 852, 000 

Route  No.  10. 

Route  No.  11. 

Route  No.  12. 

• 

Route  No.  13.  • 

Route  No.  14. 

Amount. 

Cost. 

Amount. 

Coat. 

Amount. 

Cout. 

Amouut        Cost. 

Amount. 

Cogt. 

25 
2,5l4.60f) 

tl.250 
880,110 

24 

1,417,600 

♦1,200 

496,160 

2 
2,604,300 

Iioo 

911,505 

13 

2, 180, 300 

1650 
763, 105 

12 
1, 083, 100 

1600 
379,085 

681.200 

1, 703, 000 

649.500 

1,623,750 

777,200 

1. 943,  000 

523,900,  1,309,750 

49t),  100 

i,  225, 250 

76, 00) 

190,003 

76,600 

199.000 

60.300 

156,750 

61, 200;       153,000 

61,800 

162, 000 

47,100 
5 

1 

3 

2 

154 

62,6<K) 

19  600 

612.300 
1 15.  0  0 

25,  000 
150.000 
100.  000 

23,  100 
15f?,500 

19,600 

'***47,  ioo 
5 

I 

2 

159 
112  00) 

612,300 
115.000 
25.  0(M) 
100.000 
100.  OJK) 

23.  850 
Qfti)  non 

60, 766 
5 
1 
6 
2 
159 

789, 100 
143.5!>0 

25.  000 
30 ).  000 
100. 000 

23. 850 

66,760 

5 

1 

3 

2 

125 

62.600 

19,600 

789,  100 
143.  500 

25.  00.. 
150.  0(X) 
100,  000 

18.  7.50 
156,  500 

19.600 

60, 70!) 
5 
1 

I 

131 

li2,o;;o 
:«,ooo 

78!),  100 
143.500 

25.000 
100.  (KO 
100.000 

19.500 
280.000 

35;  onu     "35;  666 

35,000 

.   . . 

8,000 

104.000 
20 ),  140 

8, 01:0 

104.001 
194,740 

8,000 

104. 0(K) 
234, 195 

8,000 

I64.660 
187.045 

8,000 

104.000 
166. 965 

4, 280,  000 

3, 910,  00  J 

4,  725, 000 

3,  920, 000 

3,550,000 

( 
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In  the  calculations  of  the  quantities  as  given  in  the  above  tables, 
allowance  was  made  for  a  descent  of  the  bottom  of  the  canal,  on  routes 
over  four  miles  long  of  four  and  a  half  feet,  on  those  three  miles  long  of 
three  and  a  half  feet,  and  on  the  shorter  routes  three  feet. 

Without  the  dams  the  lockage  at  the  foot  of  the  line  F  would  be  3() 
feet;  at  the  toot  of  line  E,  28  feet ;  at  the  foot  of  line  K,  24  feet,  and 
at  the  foot  of  line  H,  20  feet.  With  the  dams  the  lockage  would  be 
33,  27,  23,  and  23  feet  respectively.  To  determine  the  relative  value 
and  availability  of  the  several  routes  at  their  ends,  complete  sur- 
veys were  made  and  levels  taken  of  the  falls,  and  of  the  bed  of  the  rirer 
from  the  mouth  of  Four- mile  Spring  creek  to  the  lower  end  of  the  slate 
bluff  below  Falling  run.  The  Big  Eddy  outlet  line,  H,  is  not  feasible, 
as  there  is  a  fall  of  four  feet  to  the  foot  of  the  falls,  and  in  consequeice 
of  the  whirling  eddies  which  at  times  prevail,  the  dam  below  will  not 
improve  it  much,  if  any. 

The  outlet  between  the  cement  mill  and  Mill  run  (line  K)  will  be  a 
good  one  if  the  dam  below  is  constructed,  because  then  there  will  be 
sufficient  water  at  the  lowest  stages.  Without  the  dam  it  would  bi 
necessary  either  to  excavate  a  channel  through  the  rocky  bar  betweei 
Sandy  island  and  the  Indiana  shore,  or  the  boats  would  be  compelled  to 
pass  obliquely  across  the  Indiana  and  middle-chute  channels  into  the 
channel  used  by  boats  passing  around  the  south  side  of  Sandy  island, 
which  route,  at  every  freshet,  would  be  liable  to  obstructions  by  mud 
and  drift  deposits. 

With  the  dam  below,  the  outlet  near  the  glass  works  (line  E)  would 
be  a  good  one;  without  the  dam  considerable  channel  excavation  w^ould 
be  necessary  below  it  to  deep  water. 

The  outlet  at  Falling  run  is  in  every  way  an  excellent  one. 

All  the  routes  on  the  Indiana  side  begin  at  one  of  two  points.  The 
upper  one  is  at  Fort  Fulton,  (line  F;)  the  other  is  at  the  foot  of  Mul- 
berry street,  Jeflfersonville,  (line  E.)  The  water  of  the  river  in  front  of 
both  is  deep,  and  only  a  little  excavation  is  necessary  to  make  either 
safe  and  accessible.  The  lower  one  has  the  great  advantage  over  the 
upper  one  in  this,  that  the  routes  w-hich  begin  at  it  avoid  ninniug 
through  the  town  of  Jefiersonville,  and  thus  save  many  bridges  and 
much  annoyance. 

As  will  be  seen  from  the  above,  the  great  and  vital  objections  to  almost 
every  suitable  route  on  the  Indiana  side  are  the  gre^t  lengths,  numer- 
ous bridges,  great  expense,  and  the  necessity  of  receiving  into  them  one 
or  all  of  the  four  creeks,  viz:  Falling  run.  Silver  creek.  Mill  run  and 
Cane  run,  neither  of  which  could  be  passed  under  the  canal. 

The  only  two  routes  which  approximate  to  feasibility  to  the  Louisville 
and  Portland  canal,  are  routes  numbers  10  and  11;  the  latter  more  so 
than  the  former. 

The  surveys  and  measurements  of  work  yet  to  be  done  to  complete 
the  enlargement  and  extension  of  the  Louisville  and  Portland  canal 
were  begun  on  the  16th  of  October,  1867,  and  ended  on  the  31st  of  same 
month. 

The  original  plan  of  the  company  was  to  enlarge  the  canal  to  100  feet 
width  of  water-way.  This  was  afterwards  chauged  by  the  boaixi  of 
directors  to  90  feet  width  of  water-way ;  the  depth  of  water  to  be  six 
feet  over  npper  miter  sill  of  upi)er  lock  ;  the  abrupt  angle  of  tke  pres- 
ent canal  to  be  removed,  and  regular  easy  curves  substituted.  Thei^e 
were  to  be  three  passing  places — the  upper  one  to  be  500  feet  long,  the 
middle  one  350  feet,  ancl  that  opposite  the  head  of  the  old  locks  to  be 
formed  of  capacity  to  chamber  two  or  more  boats,  by  taking  away  the 
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present  dry-dock.  The  locks  to  be  constructed  375  feet  from  quoin  to 
quoin,  and  80  feet  widtb  of  chamber.  A  pair  of  guard  gates  and  abut- 
ments to  be  built  at  the  head  of  canal  as  high  as  the  canal  embanl^- 
ment.  A  dam  or  crib  to  be  built  next  to  upper  end  of  pier  at  upper 
end  of  canal.  Two  draw-bridges  to  be  constructed,  one  at  the  upx3er 
lock,  the  other  opposite  Elm  Tree  garden. 

The  above  are  the  principal  items  of  work  to  be  done. 
The  excavation  for  enlargement  to  be  at  south  side  of  canal.  The 
embankments  U)  be  formed  on  both  sides  of  the  canal  by  setting  oft*  ahori- 
zoiitil  l)erme  15  feet  wide  from  the  face  of  the  vertical  drv  wall  to  the  base 
of  the  first  slope,  which  slope  will  be  carried  up  at  one  and  a  half  to  1.15^ 
feet  high  to  a  second  berme  15  feet  wide,  extending  to  a  second  slope  of 
the  same  form  and  height  as  the  first,  which  will  reach  the  summit  of 
the  embankment  49J  feet  above  the  bottom  of  ciinal,  two  feet  higher 
than  the  highest  known  freshet.  The  outside  of  embankment  to  have 
a  slope  of  one  and  a  half  to  one  descending  to  the  natural  surface  of 
the  ground.  The  rock  in  the  bed  of  the  river  below  the  new  outlet  lock 
to  be  excavated  to  fonn  a  wide  and  safe  channel. 

The  surveys  and  measurements  were  commenced  by  tracing  lines  and 
taking  heights  of  top  of  bank  on  each  ^ide  of  the  canal,  at  stations  100 
feet  apart  throughout  the  length  of  canal ;  at  ea^ch  station  cross-sections 
were  taken  on  each  side  of  canal  to  outside  of  bank.  The  width  of 
water-surface  in  canal  was  measured  at  each  station.  The  height  of  sur- 
face of  water  in  the  canal  was  carefully  t^ken,  and  the  depth  of  water 
to  the  rock  measured  at  each  station,  the  highest  point  of  reckon  the 
bottom  being  two  feet  eight  inches  above  level  of  miter  sill  of  new 
guard  gates.  The  depth  of  mud  deposit  on  the  rock  was  also  measured 
at  each  station. 

The  top  and  bottom  widths  of  water-surface  range  from  53  to  GS  feet ; 
the  average  width  throughout  being  63  feet. 

Cross-sections  were  taken  at  each  station  of  100  feet  along  the  branch 
canal,  the  new  locks,  and  the  channel  below  the  new  outlet  lock. 

It  was  found  that,  in  addition  to  the  excavation  of  rock  in  the  chan- 
nel, a  large  quantity  of  excavation  is  necessary  on  the  land  side,  so  that 
the  center  line  of  the  new  locks  may  be  continued  straight  through  to 
the  present  channel  of  the  river. 

The  calculations  of  quantities  have  been  made  in  accx>rdance  with 
the  i)lan  of  the  company  as  heretofore  described,  with  the  exception  of 
an  inclination  of  canal  bottom,  causing  at  the  head  of  the  new  locks  a 
total  descent  of  two  feet,  which  has  been  allowed  in  order  to  facilitate 
the  washing  out  of  mud  deposits,  and  to  preserve  sufficient  depth  of 
water  at  times  when  the  frequent  passage  of  boats  may  have  lowered 
the  surface  of  wat<er  near  the  locks.  The  masonry  of  the  new  locks  is 
completed  excepting  laying  some  of  the  stone  for  the  lower  miter  wall 
of  the  outlet  lock.  The  gates  and  miter  sills  are  complete,  ready  to  be 
fitted  together,  the  materials  being  under  cover  near  the  locks. 

The  draw-bridge  at  the  upper  lock  and  that  opposite  Elm  Tree.garden 
are  comi)lete  and  in  use. 

The  new  guard-gates  and  abutments  have  been  built  to  a  height  of  28 
feet  above  bottom.  The  portion  of  the  embankment  next  the  river 
extending  westward  from  the  guard-gate  2,500  feet  in  length,  has  at  top 
an  average  height  of  27  feet  above  canal  bottom. 
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The  estimated  cost  of  completing  the  enlargement  and  extension  is  as 
follows : 

Detailed  estimates  for  completing  the  Louisville  and  Portland  canal  extension 

according  to  last  plan  of  th^  company. 


CANAL   PROPER. 

Earth  excavation cubic  yard» . 

^olid  rock cubic  yards. 

Loose  rock  and  dry  wall  excavation cubic  yards- 
Loose  rock  and  filling cubic  yards . 

Vertical  dry  wall cubic  yards . 

Earth  sedimeat  in  canal cubic  yards . 

Repairs  and  improvement  of  guard  gate 

Lumber  in  gribs feet,  board  measure . 

Wrought-iron  work pounds. 

Pavement  «»f  slopes squaie  yards. 

Macadamizing square  yards . 

BRANCH. 

Earth  excavation cubic  yaids . 

Solid  rock  excavation cubic  yards . 

Solid  rock  excavation  in  channel cubic  ^ards. 

Solid  rock  excavation  underwater cubic  yaids. 

Loo8e  rock  and  dry  wall  excavation cubic  yards. 

Vertical  dry  wall cubic  yards 

Pavement  of  slope square  yards . 

Macadamizing squaie  yards. 

Wrought-iron  work pounds 

Cast-iron  work pounds 

Finishing  hanging  of  lock  gates  and  placing  miter  sills... 
Contingencies ^ 


Amount. 


Cost 


$0  :^ 
2  50 

7r- 


2 
2 


ro 
00 
50 
35 


50  00 

25  00 

1  00 

60 


102,660 

121,800 

37,m»0 

5, 000 

37,100 

48, 3o0 


Total 


2 
2 
7 

2 
1 


35 
50 
50 
50 
to 
50 
00 
60 
25 
08 


180,000 

16,000 

40,  <K)0 

5,000 


I69,0i>0 
71,900 
10,000 
22, 0(H) 
690 
20, 000 
24,0(m 
3,000 
64,O(>0 

176,000 


$35,931 
304,500 

27,750 

10,0(K) 

92,750 

17,f>20 

6,0iH) 

9,01H) 

4,iMiO 

4(^  000 

3,000 


59,  lfi7 

179,750 

2.'),  (HK) 

165,  OCK) 

517 

50, 000 

24.1H)0 

l,8(J0 

16,000 

14.0d{) 

:«»,  IKXI 

62. 735 


1,178,000 


Estimate  for  completing  the  Louisville  and  Portland  canal  extension  on  the 

plan  originally  adopted^  hut  only  90  feet  wide. 


Amount  of  estimate  as  above 

Amount  of  embankment  (additional) cubic  yards.. 

Guard  gate  masonry  (additional) cubic  yards.. 

One  pair  of  new  guard  gates 

Contingencies 


Total 


Price. 


Amount. 


Cost. 


$0  35 
13  00 


79, 440 
5, 200 


,  178, 0(H) 
27, 804 
67, 6(H) 
16,000 

^     5,596 


1,295,000 


Estimate  for  completing  the  Louisville  and  Portland  canal  extenmon  properly 
constructed^  i,  e.  with  river  bank  raised  fotir  feet  above  the  highest  knaicn 
freshet  and  a  descent  of  one  foot  per  mile. 


Price. 

Amount. 

Cost. 

Amount  of  estimate  as  above 

$1,295,000 
5, 600 

88,  OuO 
5,400 

Earth  embankment  (additional) cubic  yards . . 

Solid  rock  excavation cubic  yards .  - 

Contingencies 

$0  % 
2  50 

16,000 
35,200 

Total 

1,394,(X>0 
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The  accuracy  of  the  lines  traced  by  the  surveyors  Mr.  H.  A.  Leavitt 
aiid  his  assistant  Mr.  L.  P.  Judson,  and  of  the  leveling  done  by  Captain 
A.  Stein  and  his  assistant,  Mr.  William  M.  K.  French,  has  been  verified 
by  several  trial  lines. 

The  topographical  sketches  were  taken  by  Mr.  F.K.Lea  vitt.  An  elab- 
orate map  has  been  completed  by  your  accomplished  draughtsman  Col- 
onel P.  J.  Schopp,  on  which  he  has  correctly  delineated  the  results  of  the 
field-work  and  profiles  of  the  several  routes,  and  drawings  of  the  locks 
and  guard-gates  are  in  course  of  preparation. 

1  am,  sir,  very  resi)ectfully,  yoiir  obedient  servant, 

GEORGE  li.  EICHBAUM, 
Civil  Engineer  J  Chief  Assistant 
Brevet  Major  General  G.  Weitzel, 

Major  of  Engineers  United  Stutes  Army. 


J  3. 

United  States  Engineer  Office, 

Cincinnati  J  OhiOj  August  20,  18C8. 

Sir:  I  have  the  honor  to  submit  herewith  my  annual  report  on  the 
^'examination  and  surveys  on  the  Tennessee  river,'' for  the  fiscal  year 
ending  June  30,  1868. 

Oi>eration8  in  the  field  were  commenced  in  September,  1867,  and  con- 
cluded in  December  of  the  same  year.  On  the  21  st  of  February,  1868, 
I  made  my  special  report,  in  accordance  with  instructions  from  head- 
quarters corps  of  engineers,  and  closed  the  survey  in  March,  1868,  after 
the  field-notes,  drawings,  and  filing  of  the  original  records  had  been 
completed. 

In  consequence  of  the  hurry  in  which  my  special  report  of  February 
last  was  prepared,  I  overlooked  Mr.  Gaw's  estimates  for  removing  the 
obstructions,  at  Seven-mile  island,  (four  miles  below  Florence,  Ala- 
bama.) The  sum  required  to  remove  this  obstruction  will  be,  I  think, 
$25,000. 

Tlie  tctal  amount  required  for  the  entire  completion  of  the  work,  I 
estimate  as  follows : 

1.  To  improve  the  Tennessee  river  from  its  mouth  to  Florence,  Ala- 
bama, $40,000. 

2.  To  enlarge  and  repair  the  existing  canal  from  Lamb's  to  Campbell's 
ferries,  $1,500,000. 

3.  To  improve  the  river  from  Chattanooga,  Tennessee,  to  Decatur, 
Alabama,  $90,000. 

In  oixler  to  enable  me  to  get  material  for  a  proper  estimate  for  canals 
around  the  Elk  river,  and  Little  Muscle  shoals,  I  recommend  that 
another  survey  be  made  of  those  points.  I  estimate  that  this  survey, 
pro|)erly  made,  would  cost  $10,000. 

The  total  amount  therefore  required,  as  far  as  I  now  can  state,  is 
$lj640,000. 

The  amount  that  has  been  set  apart  for  this  work  for  the  fiscal  year 
ending  June  30,  1861),  is  $85,000.  $40,000  will  be  expended  in  improv- 
ing the  river  from  its  mouth  to  Florence,  Alabama,  and  $45,000  in 
improving  the  river  between  Chattanooga,  Tennessee,  and  Decatur, 
Alabama. 

During  the  fiscal  year  ending  June  30,  1870,  the  following  amounts 
can  be  profitably  expended : 

1.  To  enlarge  and  re^mir  the  existing  canal  from  Lamb's  to  Campbell's 
ferries,  $500,000. 
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2.  To  improve  the  Tennessee  river  from  Chattanooga,  Tennessee,  to 
Decatur,  Alabama,  $45,000. 

3.  To  resurvey  the  river  from  Brown's  feny  to  Florence,  Alabama, 
810,000. 

The  number  of  collection  districts  through  which  the  river  runs,  I  am 
unable  to  give. 

The  nearest  port  of  entry  is  Louisville,  Kentucky.  The  amount  of 
revenue  collected  at  this  port  during  the  fiscal  year  ending  June  30, 
1808,  was  $201,350  48. 

The  whole  commerce  and  navigation  of  the  Mississippi  river  and  its 
tributaries  would  be  benefited  by  improving  the  Tennessee  river. 
Reference  is  made  to  appendix,  herewith,  showing  the  total  cost  of  the 
survey. 

I  am,  sir,  verv  respectfully,  your  obedient  servant, 

G.  WEITZEL, 

Major  of  E^igineers^  Brevet  Major  General  U,  S,  A. 

• 

Brig.  Gen.  and  Bvt.  Maj.  Gen,  A.  A.  HuivrPHREYS, 

Chief  of  Engineers^  Headquarters  Corps  of  Engineers^ 

Washington^  D.  C 


Appendix. 

Statement  showing  the  total  cost  of  the  examinations  and  surveys  on  the 
Tennessee  river ^  for  tJie  fiscal  year  ending  June  30,  1868. 

Hired  men $8, 781  98 

Boats,  bedding  and  stationery 1, 214  40 

Mileage 146  90 

Transportation  of  instruments 20  60 

Postage 13  62 

Carrying  dispatches 3  00 

Commutations,  quarters,  and  fuel 106  00 

Expenditures 10, 286  50 

Deduct  bedding  to  hired  men 126  00 

Deduct  sales  of  stationery  and  boats 182  45 

308  45 

Cost  of  the  work 9, 978  05 


RECEIPTS. 

June  30,  1868.    From  the  treasury  during  the  year $10, 000  00 

""ThrutrTJeruS*  "'  !  Sales  of  boats  and  stationery  . .  182  4o 

(Stopped  on  rolls,)  bedding  to  hired  men 126  00 

(Stopped  on  rolls,)  revenue  tax  from  salaries 160  50 

Total . . .  t 10, 468  95 
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DISBURSEMENTS. 

June  30,  1868.    Expenditures  as  above $10, 280  50 

Deposited  to  credit  of  the  LTnited  States  Treasurer,  (sun- 
dry times) 182  45 

Total 10, 468  95 

Respectfully  submitted. 

G.  WEITZEL, 
Major  of  EngifieerSy  Brevet  Major  General  U,  S.  A, 


J  4. 

New  Albany,  Indiana, 

February  20,  1868. 

General  :  My  instructions  for  the  survey  of  the  Tennessee  river  were 
contained  in  the  letter  from  tlie  enghieer  department,  dated  July  24, 
1867.  This  letter  inclosed  a  copy  of  an  act  making  appropriation  for 
the  repair,  preser\^ation  and  completion  of  certain  public  works,  &c., 
ajiproved  March  2,  1867,  a  copy  of  a  letter  recommending  Mr.  W.  B. 
Gaw  (late  colonel  United  States  volunteers)  for  the  position  of  engineer 
to  conduct  the  survey,  favorably  indorsed  by  the  Hon.  Horace  Maynard, 
and  a  copy  of  the  letter  of  the  committee  of  the  people  of  East  Tennes- 
see, indorsed  by  the  Hon.  W.  B.  Stokes,  urging  the  speedy  commence- 
ment of  the  survey  of  Muscle  shoals.  I  was  supplied  from  time  to  time 
from  the  headquarters  corps  of  engineers  with  copies  of  the  following 
reports,  viz :  Report  of  the  board  of  internal  improvement  on  the 
examiimtion  of  the  Muscle  and  Colbert's  shoals,  Tennessee  river.  May 
14,  1828,  with  six  original  sheets  of  survey;  report  of  the  board  of  en- 
gineers, December  18,  1830,  of  the  *'  projected  improvement  of  the  Ten- 
nessee river  from  Brown's  ferry  to  Florence  ferry ;"  estimates  for  improv- 
ment  of  Tennessee  river  by  the  board  of  engineers,  March  25,  1831 ; 
Lieutenant  Colonel  James  Kearney's  report  on  the  ^*  condition  of  the 
Tennessee  river,"  June,  1838,  (memorial  of  general  assembl}^  of  Alaba- 
ma, &c. ;)  report  of  Colonel  S.  H.  Long,  topographical  engineers,  on  the 
survey  and  improvement  of  Holston  and  Tennessee  river,  (without  date ;) 
report  of  Colonel  J.  McClellan,  topographical  engineers,  on  the  "  im- 
provement of  Tennessee  river,''  September  1,  1853,  and  report  of  boards 
of  engineers  on  the  improvement  of  Tennessee  river,  September  1, 1854. 

Immediately  upon  the  receipt  of  the  letter  of  instructions  I  tendered 
the  position  of  chief  assistant  to  conduct  the  survey  to  Colonel  William 
B.  Gaw,  but  he  being  (unknown  to  me)  at  the  time  assistant  on  the  New 
Orleans,  Mobile  and  Chattanooga  milroad,  fij-st  required  the  permission 
of  the  chief  engineer  of  the  road  to  aecept  the  appointment.  But  a» 
this  gentleman  was  engaged  with  his  locating  party  in  the  salt  marshes 
interv^ening  between  New  Orleans  and  Bay  St.  Louis,  Mis8issipi)i,  and 
consequently  beyond  the  reach  of  mails.  Colonel  Gaw  was  compelled  to 
go  there  to  get  the  required  authority.  In  consequence  of  the  delay 
thus  occasioned,  and  the  necessary  delay  caused  in  requiring  for  and  re- 
ceiving the  instruments,  and  the  approval  of  the  scale  of  w^ges  proposed 
by  me,  the  field-work  did  not  begin  until  the  middle  of  September,  1867. 

At  the  time  the  river  was  quite  low  and  it  became  lower  during  the 
progress  of  the  survey,  so  that  we  think  we  had  one  of  the  most  favor- 
able seasons  known  for  our  work. 
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Immediately  upon  the  commencement  of  the  fleUl-work,  the  gentle- 
man in  charge  of  the  transit  became  sick ;  a  few  days  aft^r  thetox)ogra- 
pher  was  drowned  while  crossing  Tumbling  shoals,  and  the  leveler  be- 
ing compelled,  in  his  efforts  to  save  the  life  of  the  topographer,  t4>  jump 
into  the  river,  wa.s  i)rostrated  by  an  attack  of  the  fever.  These  unfore- 
seen and  unavoidable  accidents  delayed  the  party  fully  a  month.  This 
fact,  togetlier  with  the  limited  amount  of  money  set  apart  to  defray  the 
expenses  of  this  work  led  me  to  fear  that  but  a  very  partial  report  could 
be  rendered.  It  is  therefore  very  gratifying  to  me  to  present  herewith 
as  an  ai)pendix  so  full  a  report  as  Colonel  Gaw  has  given. 

With  the  plans  suggested  by  him  for  the  improvement  of  the  obsta- 
cles, of  which  he  gives  a  list  in  detiiil,  I  am  fully  agreed.  The  dimen- 
sions of  the  canals  proposed  around  Elk  river,  Big  Muscle,  and  Little 
Muscle  shoals  were  tixed  by  me  in  the  belief  that  they  should  at  least 
be  suitable  for  a  steamboat  of  750  tons  burden. 

The  important  facts  otherwise  touched  upon  in  this  report  I  also  in- 
dorse. 

With  regard  to  the  examinations  recommenced  for  the  purpose  of  as- 
certaining the  feasibility  of  water  connection  between  the  Tennessee  and 
Coosa  rivers,  and  the  French  Broad  and  Catawaba  rivers,  I  am  not  able 
to  give  an  opinion,  but  I  think  such  subjects  should  only  be  considered 
in  connection  with  the  more  general  system  of  internal  improvements, 
and  not  in  connection  with  the  work  with  which  I  was  charged  ;  but  I 
ain  firmly  of  the  opinion  that  the  estimates  presented  are  entirely  too 
low,  I  coiisider  an  addition  to  them  of  50  per  cent,  for  contingencies  as 
not  exorbitant. 

The  x>rqiect  which  I  submit  is  that  the  oi)erations  for  the  fiscal  year 
ending  Jyne  30, 1809,  be  as  follows : 

1.  To  improve  the  Tennessee  river  from  its  mouth  to  Florence,  Ala- 
bama. This,  according  to  Colonel  Gaw's  estimates,  would  requi  re  .Si>,5l)2. 
According  to  my  views  it  would  require,  in  round  numbers,  $15,000. 

2.  To  enlarge  and  repair  the  existing  canal  from  Lamb's  to  CampbeH's 
ferries.  This,  according  to  Colonel  Gaw,  would  require  $1,001,817  50. 
According  to  my  ideas,  SI, 500,000,  of  which  $500,000  woidd  be  required 
during  the  year  above  mentioned. 

3.  To  improve  the  river  from  Chattanooga,  TeunevSsee,  to  Decatur,  Ala- 
bama, which,  according  to  Colonel  Gaw,  would  cost  $58,901.  According 
to  my  views,  $90,000. 

1.  To  make  another  and  detailed  survey  for  canals  around  the  Elk 
river  and  Little  Muscle  shoals,  with  a  view  to  get  a  more  accurate  view 
than  is  herewith  presented.  For  this  purpose  I  estimate  that  $10,0(K) 
would  be  sufficient.  Tiie  total  amount  which  1  recommend  to  be  appro- 
priated for  the  fiscal  year  ending  June  30,  1809,  for  the  improvement  of 
the  Tennessee  river  is  therefore  $005,000,  and  for  the  survey  above 
mentioned  $10,000.  In  addition  to  the  many  good  reasons  given  in  the 
apj)ended  report  for  making  the  improvement  at  this  time,  and  to  those 
which  have  been  given  by  the  many  able  men  who  have  reported  on  this 
subject  during  the  last  40  years,  there  occurs  to  me  that  not  only  would 
a  work  be  done  which  should  have  been  done  years  ago,  but  which  would 
have  repaid  the  government  a  large  interest,  but  that  it  would  be  the 
means  of  giving  a  poverty-stricken  community  an  opportunity  to  recover 
from  the  disastrous  effects  of  a  war,  and  give  employment  to  a  large  class 
of  deserving  people  who  are  said  to  be  out  of  employment. 

I  am  perfectly  confident  that  if  the  distinguished  soldiers  who  com- 
manded our  armies  operating  along  the  line  of  this  river,  during  the  late 
Will)  tvould  be  called  ui^on  to  testify  in  this  matter,  that  it  would  be 
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foand  that  enough  money  would  have  been  saved  to  the  quartermaster's 
department  by  an  improved  river,  in  one  campaign,  to  have  trebly  paid 
the  exiKjnse  of  doing  the  work. 

I  conclude  (to  avoid  repetition)  by  simply,  in  addition  hereto,  submit- 
ting the  report  of  my  chief  asssistant,  W.  13.  Gaw,  to  whom  1  desire  to 
return  my  thanks  for  the  intelligence  and  ability  displayed  in  it. 
I  am,  sir,  very  respectfully,  your  obedient  servant, 

G.  WEITZEL, 
Major  of  Enyin^erSj  Brevet  Major  General  U.  8.  A. 

Brig.  Gen.  A.  A.  Huiviphreys, 

Chief  of  Un^ineerSy  Headquarters  Corps  of  Engineers, 

Wa^hingtanj  D.  C. 


J  5. 

^  United  States  Engineer  Office, 

Cinchmati^  Ohio^  August  17,  1868. 

Sir  :  My  special  report,  dated  February  20, 1868,  on  the  "  examinations 
and  surveys  on  the  Tennessee  river,"  was  closed  in  a  great  hurry,  so  as 
to  get  it  to  headquarters  of  the  corps  as  early  as  the  friends  of  the  work 
desired.  In  reading  it  over  again  upon  the  receipt  of  the  printed  copies, 
with  a  \'iew  to  prepare  my  advertisement  for  proposals,  I  found  that  in 
saying  that  Mr.  Gaw's  estimate  would  require  only  $9,592  to  improve 
the  river  b(»low  Florence,  Alabama,  (see  page  3  of  the  printed  report,)  I 
overlooked  his  item  for  improving  Seven-mile  island,  (four  miles  below 
Florence,  Alabama,)  altogether.     (See  page  17  of  the  printed  report.) 

This  item  is  $17,480  50,  according  to  Mr.  Gaw's  estimate,  but  should 
be  fully  $25,000  according  to  my  views. 

Now  it  is  of  the  tirst  importance  that  the  riv^er  from  Florence  down 
should  be  first  improved.  This,  then,  would  oi)en  the  river  to  the  foot 
of  the  great  series  of  shoals. 

I  therefore  request  authority  to  apply  $40,000  of  the  approx)riation 
just  made  for  the  improvement  of  the  Tennessee  river  to  its  improve- 
ment, from  its  mouth  to  Florence,  Alabama,  and  the  balance  ($45,000)  to 
its  improvement  between  Chattanooga,  Tennessee,  to  Decatur,  Alabama. 

I  believe  the  Hon.  Sccretaiy  of  War  has  full  power  to  grant  this 
authoritv. 

I  am,  sir,  verv  respectfully,  your  obedient  servant, 

G.  WEITZEL, 
Major  of  Engineers^  Brevet  Major  General  U.  S,  Army, 

Brig.  Gen.  and  Bvt.  Maj.  Gen.  A.  A  Humphreys, 

Chief  of  Engineers  J  Headquarters  Corps  of  Engineers  j 

Washington^  D.  C 


J  6. 

Report  on  examinations  and  surveys  on  the  Tennessee  river ^  by  William  B, 

Gate,  esq, J  eivil  engineer,  chief  assi^itant  engineer, 

Chattanooga,  Tenn.,  February  11, 1868. 

General  :  I  have  the  honor  to  submit  the  following  report  of  the  sur- 
vey of  the  Tennessee  river  from  Chattanooga,  Tennessee,  to  its  mouth,  at 
Paducah,  Kentucky: 

In  obedience  to  your  letter  of  August  1,  1807,  appoiutmg  txv^  ^qwx 
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chief  assistant  engineer,  with  iustrnctions  to  conduct  the  survey  and 
examination  of  the  obstructions  to  the  navigation  of  the  Tennessee  river 
below  Chattanooga,  and  to  subsequent  instructions  from  you,  a  party 
was  organized  at  this  point,  consisting  of  the  following  members,  under 
my  direction :  F.  S.  Wallace,  sub-assistant  engineer;  A.  T.  Phelps,  transit 
man ;  W.  P.  Homan,  leveler ;  Edward  McDerraott,  topographer,  (with 
an  assistant;)  Captain  T.  J.  Woodward,  pilot;  and  a  sufficient  number 
of  rodmen,  ax-men,  boatmen,  &c. 

A  covered  barge,  for  the  accommodation  of  the  party,  and  several 
small  cutters  for  hydrographical  purposes,  with  all  the  necessaries  for 
the  survey,  having  been  procured  at  this  point,  the  party  commenced 
operations  on  Wednesday,  the  18th  day  of  September,  1867,  at  the  levee 
at  the  foot  of  Market  street,  Chattanooga.  The  river  wiis  at  a  very  low 
stage  at  the  time  ot  commencing  the  survey,  and  continued  steadily  falling 
for  some  weeks,  affording  peculiar  facilities  for  observation. 

Mr.  Phelps,  the  transit-man,  wa«  taken  ill  upon  the  day  the  survey 
commenced,  and  subsequently  (October  31)  retired  from  the  survey,  iu 
consequence  of  his  continued  illness,  when  Mr.  J.  C.  Long  was  appointed 
transit-man  to  fill  the  vacancy. 

On  the  7th  of  October,  the  party  then  being  engaged  in  the  reconnois- 
sance  of  Tumbling  shoals,  13  miles  below  Chattanooga,  Mr.  Edward 
McDermott,  topographer,  wius  drowned  while  attempting  to  j^ass  the 
shoals  in  a  small  boat.  At  the  same  time  Mr.  W.  P.  Homan,  leveler, 
was  taken  ill,  and  did  not  report  for  duty  until  Novembers,  at  Elk  River 
shoals.  October  21,  Mr.  F.  T.  Hampton  joined  the  paity  a^  topogKix)her, 
vice  McDermott,  deceased. 

In  consequence  of  this  series  of  misfortunes,  the  party  was  delayed  at 
the  Suck,  15  miles  below  Chattanooga,  until  October  26,  at  which  time 
we  left  for  Elk  River  shoals.  We  anived  at  Decatur,  Alabama,  on  the 
3d  of  November,  and  at  the  head  of  Elk  River  shoals  on  the  7th,  reach- 
ing Florence,  at  the  foot  of  Muscle  shoals,  on  the  28th  November.  The 
party  arrivexi  at  Piuiucah,  Kentucky,  December  20,  and  was  disbanded 
on  tiie  22d,  with  the  exception  of  the  engineers  and  pilot,  who,  by  your 
instructions,  were  retained  to  assist  in  reducing  the  notes  of  the  survey*. 
In  this  siu  vey,  every  obstruction  known  to  river  men  was  carefully 
examined,  its  peculiar  features  noted,  and  plans  and  estimates  made  for 
its  removal ;  but  the  greatest  care  was  bestowed  upon  the  survey  of  the 
Tumbling  shoals,  and  the  Suck,  13  and  15  miles  below  Chattanooga,  and 
upon  that  of  Elk  River,  Muscle,  and  Colbert's  shoals,  near  De^^atiu*,  Ala- 
bama, of  which  maps  and  hydrographical  charts  have  been  carefully  con- 
structed, and  the  existing  difficulties  of  navigation  illustrated  by  accu- 
rate sketches. 

In  consequence  of  the  limited  time  afforded  for  the  completion  of  this 
sun^ey,  embracing  a  portion  of  the  river  538  miles  in  length,  which  it 
was  important  to  accomplish  by  the  1st  of  January,  1808,  and  of  the 
delay  caused  at  the  outset  by  the  death  of  one  of  the  most  important 
members  of  the  party,  and  the  continued  illness  of  several  others,  it  has 
not  been  possible  to  present  so  full  a  report  as  the  importance  of  the  sub- 
ject demands ;  but  upon  the  principal  obstructions,  whose  removal  is 
absolutely  necessary,  it  is  believed  that  the  report  is  at  least  full  if  not 
absolutely  complete. 

Sufficient  data  have  been  obtained  for  a  map  of  the  entire  river  from 
Chattanooga  to  its  mouth ;  but  as  upon  a  scale  of  two  inches  to  the  mile, 
the  map  would  be  more  than  90  feet  long,  the  time  allowed  would  not 
permit  of  its  construction.  If,  after  the  report  with  the  acoompanying 
maps  has  been  presented  to  the  department,  a  map  of  other  parts  of  the 
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river  is  desired,  it  can  be  constructed  from  the  data  collected  by  this 
survey. 

Below  is  appended  a  list  of  obstructions  to  navigation  from  Chattii- 
iiooga  to  Paducali,  as  surveyed  by  the  party  under  uiy  instructions,  with 
]>lans  suggested  for  their  iniprovenient,  and  estimates  of  the  cost  of 
reuio\ing  them,  together  with  a  consolidated  tabular  statement,  show- 
ing at  one  glance  the  entire  estimated  cost  of  removing  every,  even  the 
least,  obstruction  to  the  navigation  of  the  river  at  all  seasons. 

Ross  TOWHEAD,  (two  and  a  half  miles  from  Chattanooga.) 

The  obstiiKitions  at  this  place  consist  of  two  rock  reefs,  upper  and 
lower,  just  above  the  upper  end  of  the  towhead,  of  a  very  hard,  flinty 
nature,  dip])ing  about  30^,  and  a  grand  bar  a  short  distance  below  the 
towhead.  There  is  a  wing  dam  running  from  the  upper  end  of  the  tow- 
head  towards  the  right  bank,  at  an  angle  of  about  OO^  with  the  general 
course  of  the  river.  This  wing-dam  is  not  long  enough  to  confine  the 
required  amount  of  water  to  the  left  chute  of  the  towhead  to  cut  out  the 
grand  bar  below. 

The  improvement  proposed  is  the  excavation  of  the  reefs  of  rock  and 
the  extension  of  the  wing-dam  300  feet  further  uj)  stream,  the  estimate 
for  which  is  as  follows: 

940  cubic  yards  rock  excavation,  at  $2  50 $2,350  Oi) 

940  cubic  yards  wing-dam  built  of  excavated  material,  at  60  cts.      504  00 
C()  cubic  yards  wing-dam,  at  $1  50 90  00 

Total, 3,004  (M) 


Lookout  shoals,  (five  miles  below  Chattanooga.) 

At  this  place  the  river  becomes  very  shallow,  there  being  but  two  feet 
of  water  in  the  channel  at  the  lowest  stage  of  the  river.  The  bottom  is 
composed  of  sjuid  and  gravel,  and  can  be  easily  cut  away.  The  improve- 
ment proposed  is  by  a  wing-dam,  extending  from  a  sand-bar  on  the  right 
bank  downwards  and  outwards  for  a  length  of  400  feet,  it  being  six  feet 
wide  on  top,  three  feet  deep,  and  having  side  slopes  of  one  and  a  half 
to  one. 

Usiimate, 
405  cubic  yards  riprap  in  wing-dam,  at  $1  50 $097  50 

Blrroughs's  bar,  (11  miles  below  Chattanooga.) 

This  obstruction  is  a  hard  sandstone  reef,  extending  from  the  right 
bank  of  the  river  to  Williams's  island,  a  distance  of  300  feet.  There  are 
10  inches  of  water  on  the  reef  at  the  lowest  stages  of  the  river  in  the 
channel,  Jind  a  current  of  four  miles  an  hour.  The  fall  in  the  surface  of 
the  water  from  100  feet  above  the  bar  to  100  feet  below  is  nine  and 
three-quaiter  inches. 

The  results  of  the  survey  indicate  the  construction  of  a  wing-dam  500 
feet  in  length  from  the  head  of  Williams's  island,  two  and  a  half  miles 
above  the  bar,  to  the  left  bank  of  the  river,  throwing  all  the  water  into 
the  right  chute. 

This  dam  will  be  built  on  a  gravel  bar  that  extends  from  the  liead  of 
<the  island  to  the  left  bank,  on  which  there  are  but  four  inches  of  water 
at  the  lowest  stage  of  the  river. 

Tlie  building  of  the  dam  will  increase  the  depth  of  water  on  the  bar 
at  least  four  inches,  making  20  inches  at  low  water.    Below  the  bar  or 
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reef  the  water  is  shoal  for  about  200  feet,  with  a  gravel  bottom  that  will 
be  washed  out  to  a  sufficient  depth  by  building  the  dam  aud  excavating 
a  channel  in  the  rock  reef. 

The  following  is  an  estimate  for  the  improvement  of  this  obstruction, 
to  make  a  channel  100  feet  wide  and  three  and  a  half  feet  deep : 

900  cubic  yards  riprap  in  wing-dam,  at  $1  50 Jly'^^O  00 

335  cubic  yards  hard  sandstone  excavation  at  Burroughs's 

barj  at  $2 670  00 

Total 2, 020  00 


Tumbling  shoals,  (13  miles  below  Chattanooga,) 

are  the  most  important  obstacle  to  navigation  in  the  Tennessee  river, 
between  Chattanooga  and  Muscle  shoal.  They  are  formed  by  a  series 
of  falls  over  coarse  sandstone  reefs  and  by  large  boulders  scattered  irreg- 
ularly about,  varying  from  a  few  feet  to  many  yards  in  dimensions. 
The  width  of  the  river  at  the  head  of  the  shoals  or  tirst  fall  is  700  feet^ 
but  the  channel  approaches  within  100  feet  of  the  left  bank  it  is  live  and 
a  half  feet  deep,  l)ut  only  40  feet  wide,  and  very  swift,  at  least  12  miles 
an  hour  for  a  distance  of  50  feet.  Six  hundred  feet  below  the  first  reef 
or  fall  is  Broadax  ledge.  The  channel  at  this  ]K)int  is  close  to  the  left 
shore,  is  40  feet  wide  and  six  feet  deep.  The  fall  from  the  head  of  the 
shoals  to  this  point  is  two  and  a  half  feet.  There  is  always  plenty  of 
water  between  these  two  i)oints.  Eight  hundred  feet  below  Broadax 
ledge  is  the  third  and  last  fall  of  Tumi)ling  shoals.  On  this  fall  there 
are  but  three  feet  of  water  at  the  lowest  stage  of  the  river,  and  a  chan- 
nel of  40  feet  in  width.  The  fall  from  Broadax  ledge  to  liocky  Point, 
1,000  feet  below  the  third  fall,  is  one  foot  and  five  inches,  making  the 
entire  fall  in  Tumbling  shoals  3  feet  and  11  inches.  Opposite  liot»ky 
Point  there  is  a  large  rock  in  the  centre  of  the  channel,  known  as  the 
"Holston  rock,^  and  considered  very  dangerous  by  Tennessee  river 
pilots. 

The  improvements  required  at  Tumbling  shoals  are  the  removal  of 
the  boulders  at  the  first  fall,  excavation  of  the  reef  called  Broadaxe 
ledge,  removal  of  boulders  at  the  third  fall,  and  the  removjil  of  "Hol- 
ston  rock,"  the  estimate  for  which  is  as  follows: 

150  cubic  yards  coarse  sandstone  boulders,  first  fall,  at  82  50  $375  00 

100  cubic  yards  coarse  sandstone  reef,  Broadax  ledge,  at  $2  50  2.'>0  00 

75  cubic  yards  coarse  sandstone  boulders,  third  tall,  at  $2  50  187  50 

12  cubic  yards  coarse  sandstone,  Holston  rock,  at  $2 24  00 

Capstan  and  fixtures  to  assist  ascending  boats 200  00 


Total 1,(130  50 


The  Suck,  (15  miles  below  Chattanooga,) 

is  an  obstruction  caused  by  the  contraction  of  the  width  of  the  river 
from  000  feet  to  150  feet,  and  a  change  of  depth  from  47  feet  in  the  basin, 
or  that  portion  of  the  river  above  the  rapids,  to  25  feet  at  the  head  of 
the  rapids,  and  seven  feet  at  about  the  center  of  them, at  low  water,  ci'eat- 
ing  a  current  of  six  miles  per  hour,  from  the  head  to  the  foot  of  the 
rapids,  a  distance  of  800  feet,  and  10  miles  per  hour  in  the  most  rai>id 
part. 


REPORT  OF  TftE  SECRETARY  OF  WAR.  563 

Tlie  improvement  deaianded  here  will  be  the  removal  of  the  middle 
wall,  (see  sketch,)  built  for  the  purpose  of  making  a  canal  on  the  left  side 
of  the  river,  deepening  that  portion  of  the  river  known  as  the  canal,  by 
blasting  a  length  of  650  feet,  width  30  feet,  and  dei>tli  two  feet,  which 
can  be  easily  done,  as  the  rock  is  a  ferruginous  sandstone,  dipping  about 
50^,  also  removing  a  portion  of  the  boulder  bar,  which  is  composed  of 
deposit  brought  down  by  Suck  creek. 

In  order  to  render  the  improvement  of  this  boulder  bar  permanent,  it 
will  be  necessary  to  turn  Suck  creek  from  its  present  mouth  into  its  old 
bed,  (shown  in  sketch,)  where  it  now  runs  only  at  high  water.  The  creek 
in  that  case  would  empty  into  the  river  1,2(K)  feet  below  its  present 
mouth,  and  into  a  ba^sin  where  no  injury  could  result  to  navigation  by 
the  deposit  of  material  brought  down  by  the  creek.  This  alteration  in 
the  bed  of  the  creek  can  be  made  by  forming  a  rough  wall  of  the  stone 
removed  from  the  bed  of  the  river  and  the  boulder  bar. 

Suck  creek  is  dry  for  six  months  in  the  year.  During  high  water  it 
has  a  width  of  40  feet,  average  depth  two  feet,  and  a  current  of  12  miles 
an  hour. 

The  rocks  at  the  Suck  are  of  a  sandstone  formation,  most  of  which  are 
cemented  by  oxide  of  iron,  and  vary  from  the  hard?ies8  of  limestone  to 
that  of  soft  sandstone.  The  following  is  an  estimat^i  fur  the  improve- 
ment of  the  Suck : 

1, 250  cubic  yards  loose  rock  in  middle  wall,  at  75  cents $937  50 

1, 444  cubic  yards  solid  rock  excavation  deepening  old  canal, 

at  $2  50 3, 610  00 

7, 000  cubic  vards  loose  rock  excavation  from  boulder  bar, 

at  50  cents 3, 500  00 

Total 8, 047  50 


Boiling  Pot,  (19  miles  below  Chattanooga.) 

The  obstruction  at  this  place  is  a  high-water  one  altogether,  and  is 
caused  by  two  points  of  land  jutting  into  the  river  opposite  each  other, 
eontracting  the  Avidth  of  the  river  to  200  feet.  Just  below  these  points 
the  width  of  the  river  increases  suddenly,  and  at  a  distance  of  300  feet 
from  them  it  is  500  feet  wide. 

This  sudden  increase  in  width  causes  very  dangerous  eddies  to  form 
inimediat<?ly  below  the  .points  of  land,  making  it  extremely  difficult  for 
ascending  boats  to  get  through  the  narrowest  portion  of  the  channel, 
without  being  swept  on  to  the  point  on  the  left  bank,  they  having  to 
cross  from  the  right  bank,  and  through  the  swiftest  part  of  the  current, 
for  the  purpose  of  getting  a  line  on  the  left  bank,  to  assist  them  in  warp- 
ing to  a  point  above,  from  which  they  can  ascend  the  river  with  the  aid 
of  steam  alone.  The  current  at  high  water,  through  the  narrowest  por- 
tion of  the  Boiling  Pot,  has  a  velocity  of  15  miles  an  hour,  and  at  low 
water  three  miles  an  hour. 

The  improvement  demanded  at  this  place  is  the  excavation  of  the 
point  of  land  on  the  right  bank,  the  material  excavated  to  be  thrown 
into  the  eddy  immediat<?ly  below  it,  this  will  increase  the  water-way 
enough  to  stop  the  iornuttion  of  this  eddy  and  decrease  the  velocity  of 
the  current  so  that  ascending  boats  can  get  through  without  warping. 
The  estimate  is  as  follows: 

Oy  000  cubic  yards  hard  sandstone  excavation,  at  $1 $5, 000  00 
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The  Skillet,  (20  miles  from  Chattanooga.) 

At  this  place  there  is  a  large  sand  bar  on  the  i-ight  side  of  the  channel, 
causing  the  current  to  become  very  rapid  at  least  13  miles  per  hour 
for  about  200  feet.  Half  a  mile  below  this  rapid  jmrtion  of  the  current, 
the  river  becomes  very  wide  and  shallow,  the  water  only  being  about  18 
inches  deep  on  top  of  the  rocks.  These  rocks  are  detached  from  any 
reef  or  ledge,  and  are  scattered  irregularly  about,  averaging  about  one 
cubic  yard  each.  The  rocks  removed  would  give  a  deptli  of  30  inches 
of  water,  to  increase  this  a  wing-dam  will  be  requiied.  The  following 
i8  the  estimate  for  proposed  improvements : 

Removing  25  isolated  boulders,  averaging  one  cubic  yard 

each,  2.J  cubic  yards,  at  $2  50 $62  50 

Ripmp  wing-wall,  500  feet  long,  6  feet  wide,  on  top  slopes 

IJ  to  1,  Tie  cubic  yards,  at  $1  50 1, 119  00 

1  ciipstan  and  fixtures  to  enable  ascending  boats  to  warp 
through  the  swift  portion  of  the  current  near  the  head  of 
the  sand-bar 200  00 

Total 1, 381  50 


Kelly's  shoals,  (28  miles  from  Chattanooga.) 

The  obstruction  at  this  place  is  a  shoal  place  of  about  1,000  feet  in 
length,  bottom  gravel  on  the  line  of  the  channel  and  to  left  of  it  with 
a  very  slow  current  for  a  place  so  shallow.  The  proposed  improvement 
is  a  wing-dam  on  the  right  side,  extending  from  near  the  foot  of  the 
shoal  up  the  river  and  towards  the  right  bank,  the  length  of  which  will 
\)e  1,500  feet. 

Ustimate. 

Biprap,  1,500  feet  wing-dam  to  6  feet  wide  on  top,  4  feet 
deep,  with  slopes  of  1^  to  1;  2,060  cubic  yards,  at  $1  50. .     $3, 999  00 

Long  island,  (63  miles  from  Chattanooga.) 

This  island  is  six  miles  long,  and  about  half  a  mile  wide  at  its  widest 
part. 

The  Navshville  and  Chattanooga  railroad  crosses  the  river  about  the 
center  of  the  island. 

The  steamboat  chaunel  is  on  the  left  side  of  the  island,  and  in  the 
channel  are  three  reefs  of  tiint  rock,  two  above  the  railroad  bridge  and 
one  below  it,  on  Avhich  at  low  stage  of  the  liver  there  are  but  18  inches 
of  water. 

About  two-thirds  of  the  entire  water  of  the  river  passes  down  on  the 
right  side  of  the  island,  but  the  chute  is  so  wide  that  the  water  is  very 
shallow,  and  this  channel  is  only  available  for  i>urposes  of  navigation  at 
high  water. 

If  one-half  of  the  water  was  taken  from  the  right  chute  and  thrown 
into  the  left,  it  is  thought  there  will  always  be  three  feet  of  water  on  the 
reefs.  To  do  this  a  wing-dam  will  be  required  at  the  head  of  the  island 
600  feet  in  length,  with  a  retaining  wall  at  the  point  where  the  wing- 
dam  joins  the  island. 

It  is  also  suggested  that  one  foot  in  depth,  for  a  width  100  feet,  be 
excavated  from  the  three  reefs  in  the  left  channel. 
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The  estimate  for  the  proposed  improvement  is  as  follows : 

l^iprap  in  wing-dam,  700  cubic  yards,  at  $1  50 $1, 050  00 

Hiprap  in  retaining  wall,  225  cubic  y«ards,  at  $1  50 330  00 

Flint  rock  excavation  at  the  three  reefs,  450  cubic  yards,  at 

82  50 1,125  00 

Total 2,  508  00 


Widow's  bar,  (74  miles  below  Chattanooga.) 

Tlie  length  of  this  bar  is  about  4,000  feet.  The  depth  of  water  at  the 
lowe8t  stage  of  the  river  varies  from  14  to  24  inches.  Velocity  of  current 
two  miles  per  hour.  The  most  shallow  i)lace  is  on  a  reef  of  rocks  that 
extends  across  the  river.  Above  the  reef  there  is  always  plenty  of 
water.  On  the  reef  at  the  lowest  stage  of  the  river  there  are  only  14 
inches  of  water;  just  below  it  there  are  20  inclies — with  a  gravel  bottom — 
which  increases  to  two  feet  near  the  mouth  of  Widow's  creek,  4,000  feet 
below  the  reef.  Below  the  mouth  of  the  creek  there  is  always  plenty 
of  water. 

To  the  left  of  the  point  where  the  channel  crosses  the  reef  there  is  a 
large  sand-bar,  over  which  the  water  always  flows. 

The  improvement  suggested  is,  by  building  a  wing-dam  across  the 
head  of  the  bar  800  feet  long  and  a  wall  1,000  feet  long  from  the  lower 
end  of  the  wing-dam  parallel  with  the  channel,  thereby  causing  such  an 
increase  in  the  volume  of  water  and  velocity  of  the  current  as  will  cut 
out  the  gravel  below  the  reef  to  a  sufficient  depth  for  all  seasons  of  the 
vear.  The  reef  at  the  head  of  the  shoal  will  also  have  to  be  excavated 
a  depth  of  30  inches  and  a  width  of  100  feet. 

The  estimate  for  which  improvement  is  as  follows: 

Estimate. 

Riprap  in  wing-dam,  2,920  cubic  yards,  at  $1  50  per  yard. . .  $4, 380  00 
Eii)rap  in  wing-dam,  dam  to  be  1,800  feet  in  length,  280  cubic 

yards,  at  00  cent«  per  yard 108  00 

Solid  rock  excavation,  280  cubic  yards,  at  $2  50  per  yard . . .         700  00 

Total 5, 248  00 


Larkin's  towhead,  (112  miles  below  Chattanooga.) 

At  this  place  there  are  two  sand-bars,  one  at  the  upper  end  of  the 
towhead,  and  one  on  the  right  bank  opposite,  the  channel  running 
between  them,  with  two  feet  of  water  at  the  lowest  stage  of  the  river, 
and  a  current  of  two  miles  an  hour.  The  length  of  the  shoal  water  is 
1,200  feet.  Above  and  below  this  shoal  there  is  sufficient  depth  of  water 
at  all  seasons  of  the  year. 

The  improvement  proposed  at  this  place  is  by  constructing  a  wing- 
dam  and  parallel  wall  combined,  for  a  length  of  1,200  feet,  to  be  six  feet 
wide  on  top,  four  feet  dee[),  and  the  side  slopes  to  be  IJ  to  1. 

The  estimate  for  which  is  as  follows : 

Estimate. 
Riprap,  2,133  cubic  yards,  at  $1  50  per  yard 83, 199  50 
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Mink  Creek  shoals,  (117  miles  below  Chattanooga.) 

The  obstruction  at  this  plaee  resembles  the  obstruction  at  Widow's 
bar,  with  the  exi'eption  of  there  being  no  reef  at  this  place. 

Tlie  same  plan  and  amount  of  wing-dam  is  suggested  as  at  Widow's 
bar,  viz  : 

Eatimate. 

Eiprap  wing-dam,  1,800  feet  long,  six  feet  wide  on  top,  four 
feet  deep,  slopes  IJ  to  1 ;  3,200  cubic  yards,  at  $1  50  per 
yard \ $4, 800  00 

Buck  island,  (129  miles  below  Chattanooga.) 

About  a  quarter  of  a  mile  above  the  head  of  the  island  the  channel  is 
very  close  to  the  left  shore,  with  a  low- water  depth  of  20  inches.  From 
this  point  to  a  point  one  and  a  half  mile  below,  there  are  three  shoal 
places  in  the  river,  caused  by  large  masses  of  rock  scattered  in*egularly 
about  ill  the  channel.  All  these  shoals  have  deep  ik>o1s  of  water  between 
them.    The  different  shoals  only  average  about  100  feet  in  length. 

The  improvement  suggested  is  by  a  wing-dam  at  the  upi)er  shoal,  and 
the  removal  of  the  rocks  at  the  other  three.  The  wing-dam  will  be  500 
feet  long,  and  have  a  cross-section  area  of  50  feet. 

The  estimate  for  the  proposed  improvement  is  as  follow  s : 

Estimate. 

Riprap,  1,111  cubic  yards,  at  $1  50  per  yard $1,  G6G  50 

Excavation  of  large  masses  of  rock  in  island  chute,  100  cubic 
yards,  $2  50  per  yard 400  00 

Total 2,  OGO  50 


TovTN  ISLAND,  (133  milcs  below  Chattanooga.) 

At  the  head  of  this  island  there  are  a  lot  of  boulders  scattered  about 
in  the  channel,  w hich  is  close  to  the  shore,  with  only  20  inches  of  water 
on  them  at  the  lowest  stage  of  the  river.  If  the  rocks  are  removed  there 
will  be  three  feet  of  water  in  the  channel  at  the  lowest  stage  of  the  river 
down  to  Gunter's  bar. 

The  estimate  for  removing  the  rock  is  as  follows : 

Estimate, 

Boulders,  averaging  one  and  a  half  cubic  yards  each,  33 

cubic  yards,  at  $2  50  per  yard $57  50 

Gunter's  bar,  (135  miles  below  Chattanooga,) 

is  a  rock  reef,  extending  across  the  river  near  the  lower  end  of  Town 
island,  on  which  at  the  lowest  stage  of  the  river  there  are  but  10  inches 
of  water. 

To  improve  this  place  the  reef  will  have  to  be  excavated  a  depth  of 
33  inches,  and  100  feet  in  Avidth. 

The  follow  ing  is  the  estimate  of  the  proposed  improvement : 

Estimate. 
Eock  excavation,  407  cubic  yards,  at  $2  50  per  yard $1, 017  50 
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Gunter's  reef,  (138  miles  below  Cbattanooga,) 

extends  across  the  river  with  20  inclies  of  water  upon  it  at  the  lowest 
stage  of  the  river,  and  a  current  of  about  two  miles  an  hour.  This  reef 
will  have  to  be  excavated  for  a  depth  of  two  feet,  and  100  feet  in  width, 
to  make  the  channel  sufficiently  large. 

Estimate, 
Bock  excavation,  300  cubic  yards,  at  $2  50  per  yard $750  00 

Flint  River  toWhead,  (157  miles  below  Chattanooga.) 

Opposite  this  towhead,  which  is  one  mile  in  length,  there  are  always 
three  and  a  half  feet  water.  At  the  lower  end  of  the  towhead  there  is 
a  large  siind-bar,  the  lower  point  of  which  is  about  in  the  center  of  the 
river. 

The  channel  crosses  from  near  the  right  bank  to  near  the  left  bank, 
parsing  close  to  the  lower  point  of  the  bar,  a  short  distance  beloAV  which 
and  in  the  center  of  the  river  is  another  sand-bar,  that  at  low  water  is 
dry.  Between  the  two  bars  the  water  is  only  25  inches  deep  at  the 
lowest  stage  of  the  river;  this  depth  continues  for  a  very  short  distance, 
when  the  water  again  becomes  deep  enough  at  all  stages  of  the  river. 

On  the  right  side  of  the  lower  sand-bar  there  is  a  channel,  in  which, 
at  the  lowest  stage  of  the  river,  there  are  20  inches  of  water. 

It  is  thought  that  if  a  wing-dam  is  built  connecting  the  two  sand-bars, 
thereby  keeping  all  the  water  in  the  right-hand  channel,  the  increased 
volume  of  water  and  velocity  of  current  would  cut  out  the  channel  to  a 
sufficient  depth,  the  bottom  being  composed  of  sand  and  fine  gravel. 

The  length  of  wing-dam  to  do  this  would  be  300  feet,  six  feet  wide  on 
top,  four  feet  deep,  and  have  side  slopes  of  IJ  to  1. 

Estimate. 
Riprap  in  wing-dam,  533  cubic  yards,  at  $1  50  per  yard $799  50 

WniTESBURG  SHOALS  AND  REEFS,  (166  milcs  from  Chattanooga.) 

The  obstruction  here  commences  at  the  head  of  Whitesburg  island; 
tliat  is- three  miles  in  length,  and  in  this  distance  there  are  three  places 
at  which  the  water  is  only  two  feet  deej)  at  the  lowest  stage  cf  the  river. 
The  bottom  of  the  river  at  these  i)laces  is  composed  of  sand  and  fine 
gravel.  Each  of  the  shoals  mentioned  is  125  feet  in  length.  Between 
them  are  natural  pools  in  wliicli  there  are  from  six  to  seven  feet  of  water 
at  the  lowest  stage  of  the  river. 

Just  below  the  foot  of  the  island  there  is  another  shoal  of  the  same 
character  and  dimensions  as  those  already  mentioned.  These  shoals  are 
caused  by  the  great  width  of  the  river,  it  being  1,200  feet  wide  in  the 
island  chute.' 

In  a  distance  of  two  miles  from  the  foot  of  the  island  downwtirds, 
there  are  three  other  shoals  on  which  there  are  only  two  feet  of  water  at 
the  lowest  stage  of  the  river.  The  first  of  thcvse  is  situated  three-fourths 
of  a  mile  below  the  island,  the  second  one  and  a  halt  mile,  and  the  third 
two  miles. 

The  first  is  about  300  feet  in  length,  and  the  obstruction  is  caused  by 
boulders  scattered  irregulariy  about  in  the  channel. 

The  second  is  about  60  feet  in  length,  and  consists  of  solid  rock  reef 
of  flinty  limestone  extending  across  the  river. 
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The  third  is  about  30  feet  in  length,  and  is  also  a  flinty  limestone  reef 
extending  across  the  river. 

The  improvement  suggested  at  the  three  shoals  in  the  island  chute, 
and  the  one  just  below  the  island,  is  by  a  wing-dam  at  each  one  of  them 
to  increase  the  depth  of  water  and  cut  out  the  gravel  bott^im.  This  it 
is  thought  will  give  sufficient  depth  of  water  at  all  seasons  of  the  year. 

The  aggregate  length  of  these  dams  will  be  1,000  feet,  and  have  im 
average  area  of  cross-section  of  50  feet. 

The  improvement  at  tlie  shoal  three-fourths  of  a  mile  below  the  island 
will  be  excavation  of  the  limestone  reef,  100  feet  in  width. 

At  the  shoal  two  miles  below  tlie  island  the  improvement  will  also  be 
excavation  of  the  limestone  reef,  100  feet  in  width. 

The  estimate  of  the  proi)osed  imi)rovement  is  as  follows : 

Ustimat^, 

Eiprap  in  wing-dams,  2,063  cubic  yards,  at  $1  50  per  yard. .  $4, 444  50 
Kemoval   of  25   boulders,  averaging  about  one  and  a  half 

yard  each,  at  the  shoal,  three-fourths  of  a  mile  from  the 

island,  37  cubic  yards,  at  $2  per  yard 74  00 

Solid  limest^)ne  excavation  at  the  shoal,  one  and  a  half  mile 

from  the  island,  333  cubic  yards,  at  $2  50  per  yard 832  50 

Solid  limestone  excavation,  at  the  shoal,  two  miles  from  the 

island,  107  cubic  yards,  at  $2  50  per  yard 417  50 

Total 5,  708  50 


Limestone  shoals,  (186  miles  from  Chattanooga.) 

These  vshoals  are  about  one  mile  in  length,  with  an  average  velocity  of 
current  of  two  and  a  half  miles  an  hour. 

About  000  feet  of  the  upper  end  of  the  shoals  has  a  bottom  composed 
of  sand  and  fine  gravel,  then  follows  2,000  feet  of  a  rough  rock  l>ottom, 
having  from  20  to  25  inches  of  water  on  the  points  of  the  rcx'ks,  with 
deep  pools  between  them,  at  the  lowest  stage  of  the  river.  B(»low  this 
rocky  bottom,  gravel  and  sand  are  again  found  for  a  length  of  about 
2,000  feet,  with  a  low-water  depth  of  from  20  to  25  inches. 

The  improvement  suggested  is  the  excavation  of  the  rock  bottom. 
The  estimate  is  as  follows : 

Ustimate. 

Limestone  excavation,  3,000  cubic  yards,  at  $2  50  per  yard. .  $7, 500  00 

Estimated  cost  of  removUig  obstructions  from  Cfuittunooga,  Tennessee j  to 

Deca  tur^  A  luham  a . 

Ross  towhead,  two  and  a  half  miles  from  Chattanooga $3, 004  00 

Lookout  shoals,  five  miles  from  Chatt^inooga (>1I7  50 

Burroughs  bar,  11  miles  from  Chattanooga 2, 020  00 

Tumbling  shoals,  13  miles  from  Chattanooga 1, 03r»  50 

The  Suck,  15  miles  from  Chattanooga 8, 047  50 

Boiling  Pot,  19  miles  from  Chattanooga 5, 000  00 

The  Skillet,  20  miles  from  Chattanooga 1, 381  50 

Kelly's  shoals,  28  miles  from  Chattanooga ,3,  000  00 

Long  island,  03  miles  from  Chattanooga 2,  508  00 

Widow's  bar,  74  miles  from  Chattanooga 5, 248  00 
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Larkin's  towliead,  112  miles  from  Chattanooga $3, 199  50 

Miuk  Creek  sboals,  117  miles  from  Chattanooga 4,  SOO  00 

Buck  island,  129  miles  from  Chattanooga 2, 060  50 

Town  island,  133  miles  from  Chattanooga 57  50 

Gunter's  bar,  135  miles  from  Chattanooga 1, 017  50 

Gunter's  reef,  138  miles  from  Chattanooga 750  00 

Flint  River  towhead,  157  miles  from  Chattanooga 799  50 

Whitesburg  reef  and  shoals,  106  miles  from  Chattanooga  ...  5, 708  50 

Limestone  shoals,  180  miles  from  Chattanooga 7, 500  00 

Total 58, 901  00 


Elk  Eiver  shoals,  (10  miles  below  Decjvtur.) 

The  obstructions  at  this  point  consist  of  a  series  of  bars  of  a  very 
bard  limestone  in  strata  of  varying  thickness.  These  break  at  right 
angles  to  the  surface,  over  which  the  water  rushes  with  a  great  but  far 
from  uniform  velocity. 

For  the  topograpliical  features  of  these  shoals  reference  is  made  to 
page  72  of  this  report,  and  also  to  the  map  of  this  part  of  the  river  on 
sheets  Nos.  2  and  3  and  profile  on  sheet  No.  4. 

The  plan  recommended  for  the  improvement  of  navigation  at  this 
j)oint  consists  of  a  canal  from  Brown's  ferry,  extending  along  tlie  river 
bottom  on  the  north  side  of  the  river  to  the  foot  of  Shuce  island,  a  dis- 
tance of  lOy'y  miles ;  thence  to  the  mouth  of  Elk  river,  a  distance  of 
4,4(K)  feet ;  the  ciinal  will  be  built  in  tlie  bed  of  the  river,  between  high 
embankments  protected  inside  and  out  by  slope  walls.  A  sutlicient 
space  is  left  between  the  canal  and  the  shore  for  the  outlet  of  Poplar 
Creek  slough. 

Estimates  of  the  cost  of  constnicting  this  canal  are  appended.  For 
greater  convenience  it  has  been  divided  into  sections. 

Tlie  estimate  of  the  work  is  based  upon  the  i)lan  of  making  the  bot- 
tom of  the  canal  low  enough  to  enable  the  river  above  to  feed  it  at  low 
water.  It  is  believed  that  by  the  construction  of  a  dam  across  the  Ten- 
nessee river  one  mile  below  Brown's  ferry,  at  the  head  of  Cox's  island, 
the  water  can  be  raised  some  seven  feet,  thus  saving  some  040,000  yards 
of  rock  excavation,  and  probably  500,000  yards  of  earth  excavation,  thus 
reducing  the  cost  one-half. 

If  this  plan  were  adopted,  more  masonry  would  be  required  at  the 
iipi>er  en(l  of  the  canal.  On  account  of  the  limited  time  granted  for  the 
completion  of  the  survey  I  was  unable  to  obtain  sufficient  data  for  mak- 
ing an  estinmte  of  the  work  upon  this  basis,  but  I  am  decidedly  of  the 
opinion  that  the  feasibility  of  this  plan  should  be  ascertained  before  the 
work  of  constructing  the  canal  is  commenced. 

The  dimensions  of  the  canal  for  which  the  following  estimates  were 
made  are,  100  feet  width  at  bottom  with  a  depth  of  water  of  six  feet, 
and  a  slope  in  earth  of  one  and  a  half  foot  horizontjd  to  one  vertical. 
The  locks  are  to  be  300  feet  between  the  miter  sills,  and  70  feet  in  width. 

Section  No,  1,  length  5,400 /eef. 

Grubbing  and  clearing  14.09  acres,  at  $35  per  acre $514  15 

Clearing  5.78  acres,  at  $  14  per  acre 80  92 

Earth  excavation,  284,985  cubic  yards,  at  24  cents  per  cubic 

yard 68, 396  40 

Wet  earth  excavation,  3,300  cubic  yards,  at  40  cents  i>er 

cubic  yard ' 1, 320  00 
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Kock  excavatioTi,  60,000  cubic  yards,  at  §2  per  cubic  yard.  $120,000  (K) 

Puddling  ear-th,  3,01)0  cubieyards,  at  31)  ceuts  per  cubic  yard .  1,  OSO  00 
Masonry  laid  in  cement,  11,007  cubic  yards,  at  $8  per  cubic 

yard T 88, 530  00 

Masonry  dry,  1,800  cubic  yards,  at  §2  ])er  cubic  yard 3, 000  00 

White-oak  timber,  (board  measure,)  99,000  feet,  at  $95  per 

M  feet ; 9,  462  00 

Wliite-pine  timber,  (board  measure,)  44,400  feet,  at  $50  per 

M  feet 2, 220  00 

Cast  iron,  30,000  pounds,  at  12  c^nts  per  pound 3, 6(M)  00 

Wrought  iron,  50,000  pounds,  at  18  cents  per  pound 9, 000  00 

Spikes  and  nails,  3,001)  pounds,  at  7  cents  per  pound 210  00 

Snubbing  posts,  320  lineal  feet,  at  $1  per  lineal  foot 320  00 

Fixtures  for  opening  and  closing  gates  of  two  locks,  each 

$800 1, 600  00 

Total 309, 939  47 

Section  No,  2,  length  5 ^'iOO  feet. 

Grubbing  and  clearing  15.2  acres,  at  $35  per  acre $532  00 

Clearing  6.1  acre^,  at  $14  i)er  acre 85  40 

Earth  excavation, 328,312  cubieyards,  at  24cent^  per  cubic 

yard r 78,  794  88 

Solid  rock  excavation,  60,000  cubic  vards,  at  $2  per  cubic 

yard \ 120, 000  00 

Puddling  earth,  3,600  cubic  yards,  at  30  cents  per  cubic 

yard '. 1, 080  00 

Total 200, 492  28 

Section  No,  3,  length  5^300  feet. 

Grubbing  and  clearing  13.8  acres,  at  $35  per  acre $483  00 

Clearing  5.4  acres,  at  $14  per  acre 75  60 

Earth  excav^ation,  321,756  cubic  yards,  at  24  cents  per  cubic 

yard ' 77, 221  44 

Solid  rock  excavation,  58,889  cubic  yards,  at  $2  per  cubic 

yard 117, 778  00 

Puddling  earth,  3, 533  cubic  yards,  at  30  cents  per  cubic 

yard : . . .         1, 059  90 

Total 196, 617  94 

Section  No,  4,  length  5^400  feet. 

Grubbing  and  clearing  31  acres,  at  $35  per  acre $1, 085  00 

Clearing  12.4  acres,  at  $14  per  acre 173  00 

Earth  excavation,  473,916  cubic  yards,  at  24  cents  per  cubic 

yard 113,  739  84 

Solid  rock  excavation,  70,000  cubic  yards,  at  $2  per  cubic 

yard 140, 000  00 

Puddlingearth,  3,600  cubic  yards,  at30ceuts  per  cubic  yard.  1, 080  00 

Total 256, 078  41 
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Section  No.  5,  length  5,400 /eef. 

Grubbing  and  clearing  31  acres,  at  $35  per  acre $1, 085  00 

Clearing  12.4  acres,  at  $14  per  acre 173  60 

TSarth  excavation,  250,284  cubic  yards,  at  24  cents  per  cubic 

yaid 60, 068  16 

Solid  rock  excavation,  108,666  cubic  yards,  at  $2  per  cubic 

yard 217, 332  00 

Puddling  earth,  3,600  cubic  yards,  at  30  cents  per  cubic  yard .  1, 080  00 

Total  279,738  76 

Section  Ko,  6,  length  5,400 /eef. 

Grubbing  and  clearing  31  acres,  at  $35  per  acre $1, 085  00 

Clearing  12.4  acres,  at  $14  per  acre 173  60 

Earth  excavation,  244,227  cubic  yards,  at  24  cents  per  cubic 

yard 58, 614  48 

Solid  rock,  110,722  cubic  yards,  at  $2  per  cubic  yard 221, 444  00 

Puddling  earth,  3,600  cubic  yards,  at  30  cents  per  cubic 

yard .' 1,080  00 

Total 282,397  08 

Section  Ko.  7,  length  5,400  feet. 

Gnibbing  and  clearing  31  acres,  at  $35  i)er  acre $1, 085  00 

Clearing  12^  acn'S,  at  $14  per  acre 173  60 

Earth  excavation,  192,342  cubic  yards,  at  24  cents  per  yard  46, 162  32 

Solid  rock  excavation,  95,185 cubic  yards,  at  $2  per  yard. .  190, 370  00 

Puddling  earth,  3,600  cubic  yards,  at  30  cents  per  yard. . .  1, 080  00 

Masonry  laid  in  cement,  2,924  cubic  yards,  at  $8  per  yard.  23, 302  00 

Masonry  laid  dry,  400  cubic  yards,  at  $2  per  yard 800  00 

White-oak  timber,  35,884  feet,  board  measure,  at  $95  per 

M  feet 3, 408  98 

White-pine  timber,  14,448  feet,  board  measure,  at  $50  per 

M  feet 722  00 

Cast  iron  in  lock  No.  3, 15,000  pounds,  at  12  cents  per  pound .  1, 800  00 
Wrought  iron  in  lock  No.  3,  25,000  pounds,  at  18  cents  per 

pound 4, 500  00 

Spikes  and  nails  in  lock  No.  3, 1,500  pounds,  at  7  cents  per 

pound 105  00 

Snubbing  posts,  160  lineal  feet,  at  $1  per  foot 160  00 

Fixtures  for  opening  and  closing  lock  gates 800  00 

Total. 274,  559  30 

Section  Xo.  8,  length  5,300  feet. 

Grubbing  and  clejiring  30 j^^  acres,  at  $35  per  acre $1, 064  00 

Clearing  12y^  acres,  at  $14  per  acre 170  80 

Earth  excavation,  121 ,946  cubic  yards,  at  24  cents  per  yard  29, 267  80 

Solid  rock  excavation,  86,110 cubic  yards,  at  $2  per  ysird. .  172, 220  00 

Puddling  earth,  3,533  cubic  yards,  at  30  cents  per  yard 1, 059  90 

Total 203,781  '14 
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Section  No.  9,  length  5,300  feet 

Grubbing  and  clearing  30j^y  acres,  at  $35  per  acre $1, 004  00 

Clearing  li\?<y  acres,  at  $14  per  acre 170  80 

Earth  excavation,  98,415  cubic  yards,  at  24  cents  per  yard.  23, 619  60 

Solid  rock  excavatii»n,  42,920  cubic  yards,  at  $2  per  yard . .  85, 852  00 

Puddling  earth,  3,533  cubic  yards,  at  30  cents  per  yard. . .  1, 059  90 

Total Ill,  766  30 


Section  No.  10,  length  5,400  feet. 

Grubbing  and  clearing  31  acres,  at  $35  per  acre $1, 085  00 

Clearing  12y^^  acres,  at  $14  per  acre 173  60 

Earth  excavation,  119,071  cubic  yards,  at  24  cents  per  yard  28,  721  04 

Solid  rock  excavation,  3,148  cubic  yards,  at  $2  per  jard. . .  C,  290  00 

Puddling  earth,  3,000  cubic  yards,  at  30  cents  per  yard 1, 080  64 

Total 37,  :i55  64 


Section  No.  11,  length  5,700  feet. 

Grubbing  and  clearing  4  acres,  at  $35  per  acre $140  00 

Clearing  l^^j  a<;re,  at  $14  per  acre 21  00 

Earth  excavation,  313,200  cubic  yards,  at  24  cents  per  yard  75, 168  00 
Wet  earth  excavation,  15,000  cubic  yards,  at  40  cents  per 

yard : 0, 000  00 

Solid  rock  excavation,  9,300  cubic  yards,  at  $2  50  per  yard  23, 250  00 

Puddling  earth,  1,500  cubic  yards,  at  30  cents  per  yai-d 450  00 

Masonry  laid  in  cement,  10,004  cubic  yards,  at  $8  per  yard  80, 512  00 

Masonry  laid  dr^*^  /10,340  cubic  yards,  at  $2  per  yard 80, 080  00 

White-oak.  timber,  98,400  feet,  board  measure,  at  $95  per 

M  feet f   9, 348  00 

White-pine  timber,  41,280  feet,  board  measure,  at  $50  per 

M  feet : 2, 004  00 

Cast  iron  in  locks  4  and  5,  30,000  pounds,  dt  12  cents  per 

pound 3, 000  00 

Wrought  iron  in  locks  4  and  5,  50,000  pounds,  at  18  cents 

per  pound 9, 000  00 

Spikes  and  nails,  3,000  pounds,  at  7  cents  per  pound 210  (K) 

Snubbing  posts,  320  lineal  feet,  at  $1  per  foot 320  00 

Fixtures  for  opening  and  closing  gates  of  locks  Nos.  4  and 

5— two,  at  $800  each 1, 000  00 


Total 292, 303  00 


Cost  of  sections  1  to  11,  inclusive. 

Total  cost  of  section  No.  1 $309, 939  47 

Total  cost  of  section  No.  2 200,  492  28 

Total  cost  of  section  No.  3. 190,  017  94 

Total  cost  of  section  No.  4 250,  078  44 

Total  cost  of  section  No.  5 279,  i:\S  76 

Total  cost  of  section  No.  0 282, 397  08 
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Total  cost  of  section  No.  7 $274, 559  30 

Total  cost  of  section  No.  8 203,  781  74 

Total  cost  of  section  No.  9 Ill,  70(>  30 

Total  cost  of  section  No.  10. 37, 355  04 

Total  cost  of  section  No.  11 292, 3()3  00 

Bailing  and  draining,  including  expense  of  coffer-dams. . .  18, 000  00 

Total 2,  403, 089  95 


RECAPITULATION. 

Grubbing  and  clearing  263 j*^  acres,  at  $35  per  acre $9, 222  15 

Clearing  105  J^  acres,  at  $14  per  acre 1,  472  52 

Earth  excavation,  2,749,055  cubic  yards,  at  24  cents  per 

yard 659,  773  20 

Wet  earth  excavation,  18,300  cubic  yards,  at  40  cents  per 

yard 7,  320  00 

Soli<l  rock  excavation,  (595,946  cubic  yards,  at  $2  per  yard  1,  391,  292  00 

8olid  rock  excavation,  9,300  cubic  yards,  at  $2  50  per  yard  23,  250  00 

Puddling  earth,  37,299  cubic  yards,  at  30  cents  per  yard.  11, 189  70 

Mas<jniy  laid  in  cement,  24,055  cubic  yards,  at  $8  per  yard  192,  440  00 

Masonry  laid  dry,  42,540  cubic  yarils,  at  $2  per  yard S>Jj  080  00 

Wliite-oak  timber,  233,884  feet,  board  measure,  at  $95  per 

M  feet 22,  218  98 

White-pine  timber,  100.128  feet,  board  measure,  at  $50  per 

M  feet 5,  006  40 

Cast  iron,  75,000  pounds,  at  12  cents  per  pound *  9,  000  00 

Wrought  iron,  125,000  pounds,  at  18  cents  per  pound. . . .  22,  500  00 

Spikes  and  nails,  7,500  pounds,  at  7  cents  per  pound 525  OO 

Snubbing  posts,  800  lineal  feet,  at  $1  per  lineal  foot 800  00 

Fixtures  for  opening  and  closing  gates  of  live  locks,  at 

$800  each . . .  4,  000  00 

Bailing  and  draining,  including  expense  of  coffer-dams..  18,  000  00 


■y 


Total : 2, 463,  089  95 


» 


Muscle  shoals,  (28  miles  below  Decatur,  and  seven  miles  below  the 
foot  of  the  canal  i)rojectcd  around  the  Elk  lliver  shoals.) 

For  a  full  description  of  the  topographical  features  of  these  shoals  refer- 
ence is  made  to  page  583  of  this  report,  and  also  to  the  map  upon  sheet 
No.  5.  The  sketch  upon  this  map  illustrates  the  difficulty  of  navigation 
better  than  can  be  done  in  words.  The  plan  recommended  for  the 
improvement  of  these  shoals  is  the  enlargement  of  the  old  canal,  biylt  in 
1835  by  the  State  of  Alabama,  for  which  estimates  are  hereunto 
appended. 

The  canal,  as  enlarged,  is  to  be  100  feet  wide  on  the  bottom,  with  side 
slopes  of  one  foot  and  a  half  horizontal  to  one  foot  vertical  in  earth. 
The  locks  are  to  be  300  feet  between  the  miter  sills,  and  70  feet  in  width. 
The  depth  of  w  ater  in  the  ciinal  is  to  be  six  feet. 

Estimate  of  the  cost  of  enlarging  old  canal  at  Muscle  shoals, 

Gnibbing  and  clearing  100  acres,  at  $30  per  acre $3,  000  00 

Deposit  to  be  excavated  from  bed  of  canal,  383,300  cubic 
yards,  at  24  cents  per  yard 91,-992  00 
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Common  earth  excavation  to  enlarge  the  canal,  966,100 

cubic  yards,  at  24  cents  per  yard $231, 864  00 

Loose  stone  excavation  in  old  retaining  walls,  30,300  cubic 

yards,  at  40  cents  i>er  yard : 12, 120  00 

New  retaining  wall  to  be  built  of  old  material,  30,300  cubic 

yards,  at  $1  70  per  yard 51,  510  00 

Eetaining  wall  for  which  stone  will  be  quarried,  7,300  cubic 

yards,  at  $2  per  yard 14, 600  00 

26,532  cubic  yards  masonry  in  old  locks,  4,250  of  which 

can  be  used  as  it  stands,  22,282  cubic  yards,  at  $1  per 

yard 22,  282  00 

51,280  cubic  yards  mascmry  in  new  locks,  4,250  of  which 

is  old  masonrv,  leaving  47,030   to  be  built,  of  which 

22,282  will  be  built  of  old  material— 22,282  cubic  yards, 

at  $4  per  yiird 89, 128  00 

Masonry,  for  which  stone  will  be  quarried,  24,748  cubic 

yards,  at  $8  jier  yard 197,  984  00 

Dry  wall,  7,550  cubic  yards,  at  $4  50  per  yard 33,  975  00 

White-oak  timber,  587,700  feet,  board  measure,  at  $95  per 

M  feet 55,  831  50 

White-oak  timber,  622,300  feet,  board  measure,  at  $70  per 

M  feet 4^i,  561  00 

White-pine  timber,  370,600  feet,  board  measure,  at  $50  i)er 

M  feet 18,  530  00 

Siuibbing  posts,  2,700  lineal  feet,  at  $1  per  foot 2,  7(K)  00 

Cast  iron,  255,000  pounds,  at  12  cents  per  jmund 30,  6(K)  00 

W^rought  iron,  425,000  pounds,  at  18  cents  per  pound 76,  500  00 

Spikes  and  nails,  30,000  pounds,  at  7  cents  i)er  pound 2, 10<)  00 

Fixtures  for  opening  and  closing  17  locks,  at  $8  each 13,  6(M)  00 

Bailing  and  draining,  including  coffer-dams 10,  000  00 

Total 1,  001,  877  50 


Little  Muscle  shoals,  (44J  miles  below  Decatur.) 

These  shoals  are  about  four  miles  in  length,  ending  one  mile  above 
Florence.  The  obstructions  are  similar  to  those  at  Big  Muscle  shoals, 
consisting  of  a  series  of  ro(;k  reefs,  over  which  the  water  flows  with  great 
velocity.  There  are  about  eight  inclies  of  water  in  the  channel  at  the 
lowest  stage  of  the  river.  No  estimate  was  made  of  the  cost  of  improv- 
ing these  shoals,  the  time  of  the  party  being  so  limited  that  nothing  but 
a  reconnoissance  could  be  made.  From  this  reconnoissance  it  was  inferred 
that  the  best  way  of  improving  these  shoals  is  by  a  canal  about  four  and 
a  half  miles  long,  along  the  northern  shore  of  the  river  around  the  shoals. 
This  canal  would  be  similar  in  its  location  to  that  around  Muscle  shoals, 
passing  partly  through  alluvial  bottoms  and  partly  under  bluff's,  and  its 
cost  would  approximate  $500,000. 

Seven  Mile  island,  (four  miles  below  Florence,  Alabama.) 

This  island  is  about  five  miles  in  length.  The  right  chut^  is  alK>ut 
500  feet  wide  at  the  head  of  the  island,  and  has  at  low  wat^r  a  depth  of 
onlv  20  inches. 

The  left  or  .steamboat  chute  is  1,000  feet  wide.  Near  the  head  of  the 
island  a  reef  makes  out  from  the  left  bank  and  diminishes  the  steamboat 
channel  at  low  water  to  a  width  of  60  feet.    This  reef,  at  low  stage  of 
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the  river,  has  only  ei^ht  inches  of  water  ujjon  it,  and  in  the  steamboat 
channel,  at  the  end  of  the  reef,  but  !i5  inches.  The  bottom  in  tlie  chan- 
nel is  of  jjravel.  It  is  thought  tliat  tak  iiig  40  feet  off  of  the  end  of  the  reef, 
and  building  a  wing  dam  at  the  head  of  the  island,  will  give  a  sutiticieiit 
depth  of  water  all  the  year  round.  From  this  place  to  I3uck  island,  in 
the  sjime  chute,  there  is  always  sufficient  depth  of  water. 

At  the  head  of  Buck  island  there  is  four  feet  of  water  at  the  lowest 
stnge  of  the  river,  which  decreases  to  two  feet  one  mile  below.  This 
decrease  is  caused  by  water  flowing  off  to  the  left  through  the  opening 
between  Buck  island  and  a  towheiid  at  the  foot  of  the  island,  and  also 
through  three  other  openings  between  towheads  just  below.  The  water 
can  all  be  kei)t  in  the  channel  by  a  series  of  wing  dams  connei*.ting  these 
towheads  with  eiK*h  other  and  with  Buck  island.  The  aggregate  length 
of  these  wing-dams  will  be  1,0(K>  feet.  Just  below  the  last  towheads 
there  is  always  j)lenty  of  water. 

The  estimate  for  the  proposed  improvement  of  Seven  Mile  Island  chute 
is  as  follows : 

EHthnate, 

178  cubic  yards  flint-rock   excavation,  reef  near  head   of 

island,  at  $2  50  i)er  yard $445  00 

3,G3G  cubic  yards  ripraj)  in  wing-dam  at  head  of  ishmd, 
length,  550  feet;  depth,  7  feet;  width  on  top,  15  feet; 
slope,  1 J  to  1  foot,  at  $1  50  per  yard 5,  454  00 

6,011  cubic  yards  riprap  in  four  wing-dams  connecting  Buck 
ishunl  and  towheads,  tot«d  length  1,000  feet,  cross-sec- 
tion as  above, at  $1  50  peryard 9,  916  50 

1,110  cubic  yards  ri[>rap  in  five  retaining  walls,  one  at  foot 
of  each  of  the  above  dams,  at  $1  50  per  yard 1,  665  00 

Total 17,  480  50 


Colbert  shoals  to  Bee  Tree  shoals,  inclusive. 

At  the  head  of  Colbert  shoals  there  is  a  rock  reef  of  a  tough,  flinty 
nature,  30  feet  long  in  the  direction  of  the  current  and  600  feet  wide, 
lying  in  the  middle  of  the  river,  but  not  extending  across  it.  At  low 
water  there  is  a  depth  of  24  inches  on  it.  Between  this  reef  and  the 
head  of  Colbert  island  there  are  numerous  large  boulders  sciittered 
irregidarly  about  in  the  channel,  having  20  inches  of  water  on  them  at 
the  lowest  stage  of  the  river. 

A  large  rock  10  feet  scpuire  at  the  head  of  Colbert  island,  and  another 
600  feet  above,  (see  sheet  No  6,)  iire  noted  as  being  exceedingly  danger- 
ous obstructions  to  navigiition.  They  lie  directly  in  the  steamboat  chan- 
nel, and  are  most  dangerous  at  ordinary  stage  of  the  river,  as  at  that 
time  they  proiluce  but  a  very  slight  ripple  in  the  surface  of  the  water.  At 
the  lowest  stage  of  the  river  there  nre  but  six  inches  of  water  on  these 
two  rocks,  and  alongside  of  them  about  three  feet. 

To  make  a  channel  of  sufficient  depth  and  width  from  the  head  of  the 
shoals  to  the  head  of  Colbert  island,  the  excavation  of  the  re(»f  150  feet 
wide  and  one  and  a  half  foot  deep  will  be  required ;  also  the  removal  of 
the  boulders,  especially  the  two  rocks  noted  on  the  map,     (Sheet  No.  6.) 

From  the  liead  to  the  foot  of  Colbert  island  the  channel  is  near  the 
northern  bank  of  the  island,  and  has  a  low-water  depth  of  15  inches  at 
the  most  shallow  place,  although  for  most  of  the  disUme^  Wi^  Aft.\v\i\!L  \% 
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two  feet.  Width  of  channel,  150  feet.  To  secure  a  sufficient  deptli  of 
water  in  this  portion  of  the  channel,  it  is  sugfjested  that  a  dam  be  huilt 
on  the  reef  extending  from  Colbert  island  to  Little  Colbei-t  island.  The 
length  of  the  dam  would  be  1,000  feet,  850  feet  of  which  would  be  three 
feet  deep,  and  150  feet — the  portion  built  across  a  gap  in  the  reel^ — would 
be  four  and  half  feet  deep.  This  plan,  it  is  said,  was  coutenijilated  by 
the  State  of  Alabama  many  years  ago,  and  large  quantities  of  stone  had 
been  quarried  on  the  left  bank  of  the  river  for  this  purpose;  but,  fearing 
that  the  construction  of  this  dam  would  make  the  current  too  rapid  for 
ascending  boats,  the  plan  was  abandoned. 

This,  it  is  thought,  will  not  be  the  case,  for  fully  one-half  of  the  water 
in  the  river  passes  to  the  right  of  Colbert  island,  and  being  distributed 
over  a  large  surface,  (it  is  1,800  feet  from  the  head  of  the  island  to  the 
right  l)ank,)  the  dam  proposed  could  hardly  cause  much  increase  in  the 
velocity  of  the  cunent,  which  is  two  and  a  half  miles  per  hour  at  present 
at  low  water.     . 

ROCK  REEF. 

A  quart<^r  of  a  mile  below  Colbert  island  a  rock  reef  extends  across 
the  river  50  feet  long  in  the  direction  of  the  current,  with  ouly  14  inches 
of  water  on  it  at  the  lowest  stage  of  the  river,  in  a  channel  40  feet  wide. 
This  reef  will  have  to  be  excavated  a  depth  of  two  and  half  feet  to  give 
a  good  channel. 

ROCK  BAR  SHOALS. 

A  quarter  of  a  mile  below  rock  reef  is  another  reef  of  rocks  extending 
across  the  river,  with  a  channel  50  feet  wide  and  a  low- water  depth  of  20 
inches.    The  reef  is  40  feet  long  in  the  direction  of  the  current. 

This  reef  will  have  to  be  excavated  a  depth  of  two  feet  and  a  width  of 
100  feet  to  make  a  channel  sufticiently  wide  and  deep. 

The  same  amount  of  work  will  also  be  required  at  the  foot  of  Eock  Bar 
shoals,  where  there  is  a  similar  reef.  Between  these  reefs  there  are  always 
from  30  to  40  inches  of  water. 

BRUSH  CREEK  ISLAND. 

Brush  Creek  island  is  rapidly  forming  above  the  point  noted  on  the 
map,  (sheet  No.  G.)  It  is  thought  that  1,500  feet  of  the  upper  end  of  the 
island  has  been  formed  in  the  last  12  or  15  years. 

Kiver  men  say  that  the  growth  of  the  island  by  confining  the  water 
has  had  a  tendency  to  deepen  the  channel. 

BEE  TREE  SHOALS. 

From  the  head  of  Bledsoe's  island  to  the  foot  of  the  shoals  at  the  mouth 
of  Second  creek  there  are  about  20  large  boulders  scattered  irregularly 
about  in  the  channel,  averaging  about  eight  feet  by  four  on  toj),  with 
two  feet  of  water  on  them  at  the  lowest  stage  of"  the  river.  The.se 
removed,  together  with  a  few  smaller  ones,  will  give  a  channel  three  and 
a  half  feet  deep  at  all  seasons  of  the  year. 

Synopsis  of  distances  and  level  notes  from  the  head  of  Colbert  shoals  to  the 
foot  of  Bee  Tree  shoals  opposite  the  mouth  of  Second  creel',  the  distance 
being  measured  on  the  line  run  on  the  right  or  northern  bank  of  the  ricer. 

Distance  from  head  to  foot  of  Colbert  shoals,  2.44  miles ;  total  fall  in 
surface  of  water,  10.05  feet;  average  fall  per  mile,  3.88  fe^t. 

Distance  from  foot  of  Colbert  shoals  to  the  head  of  Bee  Tree  shoals, 
3.00  miles;  fall  in  surface  of  water,  4.G8  feet;  average  fall  per  mile,  1.30 
foot 
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Distance  from  head  of  Bee  Tree  shoals  to  foot  of  ditto,  1.59  mile;  fall 
in  surface  of  water,  5.59  feet;  average  fall  per  mile,  3.73  feet. 

Total  distance  from  head  of  Colbert  shoals  to  foot  of  Bee  Tree  shoals, 
7.93  miles ;  total  fall  in  surface  of  water,  20.92  feet;  average  fall  per 
mile,  2.638  feet. 

Estimated  cost  of  improving  tlie  Tennessee  river  from  Colbert  slioals  to  Bee 

Tree  slioals^  inclusive, 

Eock  excavation  at  the  reef,  one  fourth  of  a  mile  above  Col- 
bert's island,  250  cubic  yards,  at  $2  50  per  yard $625  00 

Rock  excavation,  two  large  rocks  above  the  heiid  of  Colbert's 
island,  25  cubic  yards,  at  $2  50  per  yard 62  50 

Boulders  above  the  head  of  Colbert's  island,  2,000  cubic 
yards,  at  $1  50  per  yard 3, 000  00 

Eiprap  in  wing-dam,  from  Colbert  to  Little  Colbert  island, 
2,^384  cubic  yards,  at  75  cents  per  yard 1,  788  00 

Rock  excavation  at  the  reef  one  fourth  of  a  mile  below  Col- 
bert island,  460  cubic  yards,  at  $2  50  per  yard 1, 150  00 

Eock  excavation  at  the  foot  of  Rock  Bar  shoals,  300  cubic 

yards,  at  $2  50  per  yard 750  00 

Boulders  in  Bee  Tree  shoals,  50  cubic  yards,  at  $2  per  yard        100  00 

R<>ck  excavation  at  the  head  of  Rock  Bar  shoals,  300  cubic 

yards,  at  $2  50  per  yard 750  00 

Total 8, 225  50 


Bear  Creek  shoals,  (36  miles  below  Florence,  Alabama.) 

These  shoals  are  formed  by  two  gi'avel-bars,  one  on  the  left  bank 
extending  down  the  river  for  some  distance,  throwing  the  channel  over 
near  the  right  bank  of  the  river,  and  one  on  the  right  bank  below,  throw- 
ing the  channel  towards  the  left  bank,  the  channel  passing  between  the 
two  bars ;  at  which  place  the  water  is  the  shallowest,  there  being  but 
30  inches  at  the  lowest  stage  of  the  river. 

The  current  flows  in  such  a  manner  that  a  large  quantity  of  water 
passes  over  the  lower  bar,  which,  if  kept  back  and  thrown  into  the  chan- 
nel between  the  two  bars,  would  tend  to  cut  out  the  gravel  and  make 
the  channel  as  deep  a«  is  required.  The  improvement  suggested  to  do 
this  is  a  wing-dam  built  on  the  lower  bar,  extending  from  a  point  near 
the  right  bank  across  the  bar  for  a  distance  of  400  feet.  The  estimate 
is  as  follows : 

Estimate. 

Eiprap  wing-dam,  400  feet  long,  four  feet  deep,  six  feet  wide 
on  top,  and  side  slopes  of  one  and  a  half  to  one  foot — 711 
cubic  yards,  at  $1  50  per  yard $1, 066  50 

Bio  Bend  shoals,  (56  miles  below  Florence,  Alabama.) 

The  obstruction  at  this  place  is  caused  by  several  large  boulders  scat- 
tered irregularly  about  in  the  channel,  for  a  length  up  and  down  the 
river  of  less  than  100  feet. 

There  being  at  the  lowest  stages  of  the  river  30  inches  of  water  over 
these  boulders,  all  that  is  required  to  make  a  channel  of  sufficent  depth 
is  the  removal  of  the  boulders,  amounting  to  a  sum  equal  to  150  cubic 
yards,  at  $2  per  cubic  yard.    Total  cost,  $300. 

37  w—Part  II 
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Below  Waterloo  there  are  several  small  obstructions,  regarded  as 
difficulties  only  by  pilots  not  familiar  with  the  channel  of  the  lower 
Tennessee  river. 

Big  Bend,  50  miles  below  Florence,  the  only  one  that  oflfers  any 
difficulty,  is  produced  by  several  large  boulders  scattered  irregularly 
about  for  a  length  in  the  direction  of  the  current  of  100  feet.  At  low 
water  there  are  30  inches  on  these  rocks ;  current  thi^ee  miles  per  hoiu"; 
channel  200  feet  wide. 

The  following  list  embraces  the  few  remaining  points  sometimes 
spoken  of  by  steamboat  men  as  small  difficulties: 

Duck  River  shoals — produced  by  a  sand-bar;  depth  of  water  five  feet; 
current  four  miles  per  hour. 

Duck  Kiver  suck— an  abrupt  bend  in  the  channel,  produced  by  a  few 
large  rocks  with  four  feet  water  ui)on  them  at  low  stage ;  current  two 
and  a  half  miles  per  hour. 

Blood  River  island — channel  made  tortuous  by  a  large  boulder  in  the 
center  of  the  channel.  Rock  measures  about  20  cubic  yards ;  admits  of 
easy  removal,  and  would  give  a  deep  channel  at  all  times. 

Penticosttowhead— difficulty  i)roduced  by  a  few  rocks  between  tow- 
head  and  Aurora  landing,  causing  boats  to  go  considerably  out  of 
their  way  in  landing  at  Aurora,  in  order  to  avoid  them. 

Johnsonville — difficulty  caused  by  the  wrong  position  of  the  draw 
of  the  Northwestern  Railroad  bridge.  Draw  in  second  west  span  (seven 
spans)  with  only  28  inches,  while  uiuler  other  spans  there  are  eight  feet 

Green  Bottom  bar — channel  contracted  by  a  series  of  sand-bars  near 
left  bank ;  channel  300  feet  wide,  one-half  mile  long;  not  less  than  four 
feet  of  water ;  current  three  miles  per  hom\ 

Total  estimated  coat  of  improvements  to  be  m^ade  in  Tennessee  river ^  from 

Chattanooga  U}  Faducah, 

Obstructions  from  Chattanooga  to  Decatur $5S,  901  00 

Elk  River  Shoals  canal 2,  •4(>;3, 080  95 

Enlargement  of  Muscle  Shoals  canal 1, 001, 877  50 

Little  Muscle  Shoals  canal 500, 000  00 

Seven-mile  island 17. 4S0  50 

Colbert  shoals  to  Bee  Tree  shoals,  (inclusive) 8, 225  50 

Bear  Creek  shoals 1, 006  50 

Big  Bend  shoals 300  00 

Total 4, 050, 940  95 


THE  PHYSICAL  CHARACTER  OF  THE   TENNESSEE  RIVER  AND  ITS  VAL- 
LEY ABOVE  MUSCLE  SHOALS. 

The  Tennessee  river  has  three  marked  general  topographical  features, 
determined  by  the  mountainous,  rolling,  and  level  region  through  which 
it  passes.  A  general  description,  therefore,  of  the  topographical  and 
geological  character  of  the  river  at  any  point  will  ai)ply  to  every  pjut 
of  the  river  lying  in  the  same  topographical  system. 

Similarity  between  Cumberland  and  Tennessee  rivers. — An  examination 
of  the  mai)  of  the  United  States  will  reveal  a  great  similarity  in  the 
courses  of  the  Tennessee  and  Cumberland  rivers.  They  rise  in  the 
same  range  of  mountains,  flow  to  some  extent  parallel  and  empty  into 
the  same  stream,  with  theii-  mouths  only  a  few  miles  apart  ^  but  here 
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their  similarity  ceases.  The  Cumberland,  after  making  its  way  through 
the  niouiitfiius,  flows  for  liundreds  ot  miles  through  a  chasm  in  hine- 
stone  several  hmidred  feet  below  the  general  surface  of  the  rolling  coun- 
try, whilst  the  Tenuessee,  after  issuing  from  the  mountains,  enters  a 
broad  valley,  known  as  the  Tennessee  valley,  the  river  banks  becoming 
low  and  the  surface  of  the  country  level  or  gently  undulating. 

Geohgical  relation  of  the  two  rivers, — This  difference  between  the  two 
rivers  is  observed  to  mark  the  connection  between  the  geological  and 
topographical  features  of  the  two  streams.  So  rapidly  do  the  Silurian 
ro<*ks  which  furnish  the  Cumberland  topography  sink  towards  the  south, 
that  they  scarcely  reach  the  Tennessee  in  more  than  one  or  two  points. 
The  transition  from  this  system  of  rocks  to  the  carboniferous  produces  a 
corresponding  change  in  the  topography,  the  harsh  lines  of  one  order 
blending  with  the  agreeable  outline  and  graceful  contours  of  the  other. 

Tennessee  river  at  Chattanooga, — In  the  vicinity  of  Chattanooga  the 
Tennessee  river  may  be  considered  a«  finally  breaking  through  the 
Cumberland  mountains.  Above  Chattanooga  it  is  flanked  on  the  right 
bank  by  Stringer's  and  Waldron's  ridges  and  on  the  left  by  Missionary 
ridge.  Unopposed  in  its  progi-ess  so  far,  it  fomis  a  fair  navigable  stream ; 
but  when  Lookout  mountain  presents  itself  as  a  barrier,  opposing  the 
tendency  of  the  river  to  flow  south  and  deflecting  it  against  Waldron's 
ridge,  numerous  obstructions  result,  embracing  Ross  towhead.  Lookout 
shoals,  Burroughs's  bar.  Tumbling  shoals,  the  Suck,  the  Pot,  the  Skillet, 
and  Kelly's  shoals. 

Hiffh  icaterat  Chattanooga — Bamming  of  water  at  Stringer^ 8  ridge, — At 
Chattanooga  the  riverat  low  water  isl,200  feet  wide,  eight  feet  deep  in  the 
channel ;  velocity  of  current  two  miles  per  hour.  The  right  bank  is  25  feet 
higher,  between  which  and  Stringei^'s  ridge  there  is  a  rich  bottom  three- 
quarters  of  a  mile  wide;  the  left  bank  is  60  feet  high  and  the  country  back 
of  it  diversified  with  hill  and  i)lain.  A  bold  bluff'  of  limestone  shows  itself 
on  the  left  bank,  underlaid  by  flint,  which  forms  the  bed  of  the  river.  At 
this  point  the  difference  between  low  and  ordinary  liigh  water  is  40  feet; 
in  the  spring  of  1807  it  was  60  feet,  or  35  feet  above  the  bottom  land 
on  the  right  bank.  It  is  the  opinion  of  some  river  men  that  this  great 
difference  is  not  produced  entirely  by  local  causes,  but  is  the  result  of 
the  damming  of  the  waters  by  the  mountains  at  the  Suck.  It  is  more 
probable  that  this  backwater,  if  there  is  any,  at  high  stages  is  produced 
by  the  resistance  to  the  flow  of  water  at  the  sharp  bend  of  the  river  at 
Lookout  mountain,  causing  the  river  to  dam  against  Stringer's  ridge. 

Ricer  between  Chattanooga  and  Tumbling  slmaU, — The  river  and 
obstructions  at  Ross  towheiul,  Lookout  shoals,  Burroughs's  bar,  are  the 
same  in  their  general  character  :  mountains  on  one  bank  rising  almost 
immediately  from  the  river,  and  bottom  land  on  the  other  bank  from 
one-half  to  three  quarters  of  a  mile  wide,  and  froii)  25  to  30  feet  above 
low  water.  These  bottom  lands  are  composed  of  a  dark,  rich  vegetable 
soil  of  varying  depth,  sometimes  a«  much  as  eight  feet,  underlaid  by  a 
stratum  of  red  clay  and  sand,  and  under  this  lies  a  limestone  intermixed 
with  flint,  which  forms  the  bed  of  the  river  at  these  several  obstructions ; 
there  are,  however,  at  Burroughs's  bar,  about  two  feet  of  gravel  on  this 
rock,  the  bar  being  formed  by  William's  island,  three  miles  long  and 
three-(iuarters  of  a  mile  wide. 

A  dense  cane  growth  is  found  along  the  river  banks  of  the  bottom 
lands;  and  on  the  mountain  sides  are  varieties  of  timber,  principally 
oak,  hickory,  walnut,  and  beech. 

At  low  water,  least  depth  of  water  at  Ross  towhead  is  10  inches ;  at 
Lookout  shoals,  24  inches;  Burroughs's  bar,  24  iuchea.     ANfeT^%<fc<\fe^\J^ 
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clianiiel  between  Ecss  towbead  and  Lookout  shoals,  10  feet;  between 
)okout shoals  and  Burroughs's  bar,  nine  feet;  velocity  of  current  in 
ese  part«  four  miles  per  hour. 

At  Tumbling  shoals,  Waldron's  ridge  on  the  right  and  Raccoon  moun- 
in  on  the  left,  with  their  summits  about  800  feet  above  the  river,  con- 
act  its  width  to  400  feet.    The  banks  are  20  feet  high ;  naiTOw  bottom 
ads  on  either  side  rapidly  ascending  towards  the  mountains.   Tb^ 
t^er  bed  for  a  half  mile  is  obstnicted  with  large  sandstone  rocks,  som^ 
dolly  and  others  partly  submerged,  and  weighing  from  100  pounds  t^ 
tons,  this  being  the  only  point  below  Chattanooga  where  the  obstruct 
ms  are  formed  by  sandstone.    The  greatest  velo<nty  of  current  ai 
is  point  is  10  miles  per  hour;  least  depth,  three  feet ;  width  of  chauneV 
feet;  very  crooked  and  difficult  to  navigate.    The  fall  of  the  shoal* 
four  feet  in  one-third  of  a  mile;  total  fall  from  Chattanooga  to tbe 
wer  end  of  Tumbling  shoals,  14^  feet  in  12  miles. 
Between  Tumbling  shoals  and  the  Skillet  the  river  flows  through  a 
are  mountain  gap,  the  width  of  tbe  river  not  exceeding  500 feet;  the 
»ttom  lands  disappear  or  are  found  at  the  mouths  of  mountahi  ra\nn« 
few  acres  in  extent.    In  consequence  of  the  narrowness  of  the  rivoi 
id  the  material  washed  down  from  the  mountain  into  tbe  river  bj| 
ick  creek,  emptying  into  the  river  at  right  angles  to  its  course,tlii| 
ick  obstruction  ha«  been  formed.     It  is  100  feet  wide  in  its  narrowest 
irt;  400  hundred  long;  from  7  to  15  feet  deep  at  low  water;  hasij 
Trent  of  10  miles  per  hour  in  its  swiftest  part.    The  bed  of 
ream  is  covered  with  large  boulders,  which  do  not  seem  to  change  th 
»sition  although  exposed  to  so  swift  a  current.    There  is  a  large  boi 
irbar  some  acres  in  extent  to  the  right  bank,  and  some  futile  attemp 
kve  been  made  on  the  left  bank  towards  improvement,  but  have  o 
Ided  to  the  difficulties. 

The  Such — The  Pot — From  the  Suck  to  Tumbling  shoals  above, 
stance  of  three  miles,  there  are  from  10  to  40  feet  of  water ;  below 
ick  the  river  is  deep  and  narrow;  current  one  and  one-half  mile 
>ur;  bank  25  feet  high ;  slope  45  degrees,  and  composed  of  gravel  ai 
>se  rock.    The  mountain  slope  is  150  feet  from  the  bank,  and  t* 
stance  diminishes  until  the  near  approach  of  the  mountain  slopes  pror] 
iced  the  Pot,  the  lfi»st  imiK)rtant  impediment  to  navigation  betw 
•own's  ferry,  180  miles  below,  and  Kuoxville,  220  miles  above. 
General  vietv  of  obstructions  between  Chattanooga  and  the  Pot. — 
is  point  to  Chattanooga  the  river  is  made  up  of  a  succession  of  basi 
d  shoals,  the  total  length  of  obstructions  being  two  miles ;  navigabl 
iter  17  miles,  with  reference  to  low  water.    It  may  be  noted  here  th 
B  bed  of  the  river  in  the  Chattanooga  chain  of  obstructions  is  a  " 
ms  limestone,  passing  through  various  gi*adations  of  hardness, 
nie  places  it  is  an  impure  limestone,  passing  into  a  coarse,  cherty  rocl 
d  at  others  it  becomes  hornstone.  Laving  the  luster  and  fi-acture 
it,  with  numerous  imbedded  nodules  of  quartiij  variously  colored. 
Tfie  nver  leaves  the  mountains, — ^The  river  may  be  considered  as  endi 
h?  its  mountain  career.    The  mountain  ridges  gradually  recede 
3  river,  giving  place  to  fertile  bottom  lands,  until  the  river  reac 
quatchie  valley,  where  the  bottom  becomes  a  valley.    R^efs,  sb 
d  eddies  disappear  from  the  river,  and  the  only  obstructions  t 
3sent  themselves  are  a  few  sand  and  gravel  bars,  or  some  rock 
jlds  to  slight  work. 

Plains  of  Alabama. — At  Bridgeport,  Alabama,  the  river  enters 
lins  of  Alabama.    For  oH  miles  its  course  is  nearly  southwest,  wii 
Kide  level  region  on  its  right  and  sand  mountains  on  its  left. 
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River  between  Bridgeport  and  Ountersville — Sand  mountmn — Fertile 
bottom  land^, — Throughout  this  distance  the  river  is  very  uniform  in  its 
character,  having  a  width  of  1,500  feet,  and  with  the  exception  of  Wid- 
ow's bar  and  Guntersville  reef,  with  12  and  14  inches  of  water  respect- 
ively, there  is  an  average  deptli  of  six  feet.  The  bed  of  the  river  con- 
sists of  mountain  limestone;  bank  from  25  to  30  feet  above  low  water; 
easy  slope  and  covered  with  vegetation.  Sand  mountain,  sometimes 
called  Raccoon  mountain,  lies  three  mile^  to  the  left  of  the  river  at 
Bridgeport  and  six  miles  to  the  left  at  Widow's  bar.  This  ridge  runs 
nearly  south,  and  as  the  course  of  the  river  is  southwest,  the  country 
spreads  out  into  a  broad  valley  some  20  miles  below  Widow's  bar.  On 
the  right  bank  the  bottom  land  is  from  one  and  a  half  to  two  miles 
wide ;  beyond  this  is  the  upland,  20  to  25  feet  higher  than  the  bottoms. 
These  l)ottom  lairds  and  the  few  lai'ge  islands  in  the  nver  have  the 
richest  allu\ial  soil,  subject  to  four  feet  overflow ;  which,  however,  is 
not  considered  objectionable,  as  the  uplands  furnish  elevated  sites  for 
residences,  and  the  overflow  annually  enriches  the  soil. 

River  and  valley  below  Quntersville, — At  Guntersvdle  the  river  turns 
almost  at  right  angles  to  its  former  course  and  flows  northwest.  The 
valley  below  this  point  is  one  of  denudation,  or  scooped  out  in  the  hori- 
zontiil  strata  of  the  carboniferous  rocks.  Near  Guntersville  a  low  ridge 
of  mountains  is  cut  through  by  the  riv^er,  exposing  carboniferous  lime- 
stone about  100  feet  high;  this  is  the  last  spur  of  the  Cumberland 
mountains  which  the  Tennessee  river  meets  in  its  course  to  the  Ohio. 
Viewing  the  river  between  Gunters\'ille  and  Bridgeport  as  the  arc  of  a 
circle,  this  ridge  would  be  the  cliord,  pa.ssing  by  Huntsville,  intersecting 
the  river  near  Guntersville,  and  onward  south. 

Changes  on  the  face  of  the  country, — One  notable  feature  of  this  portion 
is  the  absence  of  vegetation  on  the  slopes  of  the  river  banks,  indicating 
the  sandy  character  of  the  soil.  The  country  having  been  once  in  a 
liigh  state  of  cultivation,  but  little  timber  is  seen  immediately  on  the 
river.  The  strong  red  soil,  so  characteristic  of  North  Alabama,  the 
numerous  water  courses,  and  the  undulating  surface  of  the  country, 
once  justly  entitled  it  to  be  called  the  garden  spot  of  the  south. 

From  Bridgeport  to  Decatur  the  fall  in  the  river  does  not  exceed 
l>erhaps  20  feet  in  the  distance  of  100  miks,  there  being  only  two 
l>laces,  Guntersville  and  Widow's  bar,  where  the  river  is  extremely 
shallow  at  low  water;  with  this  slight  fall  the  cun*entis  always  moder- 
ate, in  few  places  greater  than  three  miles  per  hour  at  high  water,  when 
tlie  river  is  30  feet  deep. 

From  Decatur  to  Brown's  ferry,  the  head  of  the  lower  series  of 
obstructions,  a  distance  of  12  miles,  is  found  the  best  part  of  the  river 
lying  between  Muscle  shoals  and  the  head  of  the  river.  The  average 
depth  is  nine  feet  at  low  water,  least  depth  three  and  a  half  feet;  width 
from  1,500  to  1,800  feet;  current  one  and  a  half  mile  per  hour,  and  navi- 
gable in  any  part,  even  in  low  water.  The  river  here  resembles  a  hake ; 
this  character,  and  the  proximity  of  a  large  slough  and  Swan  lake,  would 
favor  the  opinion  that  the  channel  once  wa>shed  against  the  low  hills  of 
the  uplands,  three  miles  east  of  Decatur.  The  force  of  the  current  is 
now  directed  against  the  Decatur  bank;  and  as  this  is  composed  of 
limestone  and  a  compact  mass  of  gravel,  cemented  by  oxide  of  iron, 
the  present  channel  may  be  regarded  as  stable. 

Below  Decatur,  and  to  the  left  of  the  river,  the  fertile  valley  of  Court- 
land  spreads  out  15  or  20  miles  from  the  river  to  the  base  of  the  ter- 
raced sand  mountains  of  Alabama,  On  the  right  of  the  river  are  the 
low  marshy  bottoms,  three  miles  wide  to  the  uplands,  diminishing  at 
Brown's  ferry  to  a  few  hundred  feet. 
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As  Brown's  ferry  may  be  regarded  a^s  the  head  of  the  lower  jn*ottP  of 
shoals,  a  cursory  view  of  the  river  and  its  valley  between  this  point  and 
Bridgeport  will  enable  one  to  appreciate  better  the  adaptation  of  the 
river  as  a  great  commercial  highway,  and  the  alluring  advantages  and 
beautiful  natural  wealth  of  the  country. 

From  Browu's  ferry  a  majestic  river,  broad,  deep,  and  with  gentle  cur- 
rent at  all  times,  is  seen  stretching  for  a  hundred  miles  above  through 
a  valley  abounding  in  the  latent  elements  of  prosperity ;  a  river  which 
in  this  distance  is  seldom  seen  to  bear  on  its  bosom  a  pellicle  of  ice,  and 
a  country  whose  climate  is  so  genial  that  wheat  is  ripe  for  harveM  by 
the  time  green  blades  in  the  northwestern  States  emerge  from  the  snow. 
Yet,  with  this  favorable  combination  of  natural  resources,  the  valley 
languishes  for  want  of  a  cheap  transportation  to  market,  and  this  portion 
of  tlie  riv^erfor  purposes  of  constant  and  certain  navigation,  is  as*  sealed 
as  though  the  river  had  no  outlet  to  the  Mississippi  valley.  Sifch  are 
the  eftects,  not  the  magnitude,  of  the  obstructions  in  Chattanooga'  moun- 
tains and  at  Muscle  shoals. 

Between  Brown's  ferry  and  Second  creek  below,  a  distance  of  70  miles, 
there  is  a  chain  of  obstructions  more  or  less  serious,  the  difficulties  cul- 
minating at  Big  Muscle  shoals,  and  dividing  the  length  of  the  river  into 
wiiat  might  be  called  the  upper  and  lower  Tennessee.  This  chain  may 
be  divided  into  Elk  Kiver,  Big  Muscle,  Colbert,  and  Bee  Tree  shoals, 
the  latter  being  understood  by  many  jus  included  in  Colbert  shoals. 

Cox's  island — length  five  miles,  greatest  width  one  mile — the  begin- 
ning of  this  chain,  divides  the  river  into  two  chutes  1,500  feet  wide,  each, 
the  left  chute  conveying  two-thirds  of  the  water  in  the  river.  From  30 
feet  at  Brown's  ferry,  low  water,  the  depth  diminishes  to  six  feet  in  chan- 
nel. At  Cox's  island  the  current  is  one  mile  per  hour.  From  this  point 
to  Milton's  bluff,  seven  miles  below,  the  channel  is  from  50  to  150  feet 
wide  and  18  inches  deep  in  the  shallowest  places. 

Opposite  Elk  river  mouth  and  across  the  river  there  is  a  shoal,  Big 
Jump,  on  which  there  are  but  six  inches  of  water.  This  low- water  chan- 
nel is  very  winding  and  intricate,  and  consequently  dangerous,  and  at 
lowest  stage  of  water  altogether  impractic«able.  From  head  of  Cox's 
island  to  the  foot  of  Big  Jump  the  aggregate  fall  is  25  feet.  The 
bed  of  the  river  is  composed  of  a  series  of  bars  of  a  very  hard  moun- 
tain limestone,  in  strata  of  various  thickness,  usually  dipping  in  the 
direction  of  the  current.  These  break  at  right  angles  to  the  surface, 
over  which  the  water  rushes  with  a  great  but  far  from  nniform  velocity. 

From  Brown's  ferry  to  mouth  of  Elk  river,  a  low,  flat  alluvial  bottom, 
subject  to  inundation,  extends  on  the  right  bank.  In  some  places  it  is 
a  mile  wide,  and  is  only  interrupted  at  Potter's  blutf,  half  a  mile  above 
Elk  river,  which  rises  from  the  water's  edge.  The  limestone  bluff 
extends  up  the  bottom  as  far  as  Poplar  Creek  slough,  where  it  is  only  a 
few  feet  high. 

On  the  left  bank  from  head  of  Cox's  island  to  Milton's  bluff,  14  miles 
below,  the  bottom  varies  in  width  from  two  miles  at  the  head  of  the 
island  to  nothing  at  Milton's  bluff,  which  is  a  precipitous  w  all  of  moun- 
tain limestone  springing  from  the  river.  Except  at  these  places,  viz: 
Lamb's  ferry,  at  the  head  of  Muscle  shoals,  and  at  the  mouth  of  Town 
creek,  where  the  short,  flat  bottoms  intervene  on  an  extent  together  of 
four  miles,  the  left  bank  of  the  river  from  Lamb's  ferry  to  Floi-ence  is 
high, rocky,  generally  abrupt;  distance  23  miles.  The  river  between  Elk 
river  and  Muscle  shoals,  with  the  exception  of  Nance  shoals,  a  minor 
impediment,  is  always  in  a  fair  na^igable  condition.  At  low  water  its 
least  depth  is  three  feet,  from  1,500  to  1,800  feet  wide,  and  a  very  slow 
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current.  Five  miles  below  Elk  river  occurs  the  obstruction  which,  more 
than  all  others  combined,  has  crippled  the  navigation  of  the  Tennessee 
river.  The  channel  as  far  back  as  Bridgeport  has  been  in  carboniferous 
limestone,  sometimes  chert,  and  interstratilied  with  flint;  especially  at 
Elk  river  shoals.  This  formation  now  thins  out,  and  the  underlying 
rock  appears  which  produces  Muscle  shoals.  It  is  the  lowest  of  the 
silicious  formation  and  lies  at  the  bottom  of  the  carboniferous  rock. 
It  is  of  a  dark  color,  and  flinty  structure  and  hardness ;  this  quality  has 
enabled  it  to  withstand  the  abrasion  of  the  water,  and  has  compelled 
the  river  to  expand  suddenly  from  1,500  feet  to  one,  two,  and  three  miles 
in  width,  making  up  in  width  what  it  lacks  in  depth  for  the  accommoda- 
tion of  it«  waters. 

Big  Muscle  shoals  are  15  miles  long,  with  a  fall  of  85  feet  in  this 
distance.  Owing  to  the  horizontal  position  of  the  strata  and  their 
thinness,  being  only  from  one  to  three  feet  thick,  there  is  a  succession 
of  casciides  or  steps  (see  sketch  oli  maj)  of  Muscle  shoals)  in  the  whole 
extent  of  the  shoals,  corresponding  to  the  thickness ;  and  the  direction 
of  the  steps  across  the  river  is  also  that  of  the  joints  that  intersect  the 
strata. 

The  most  favorable  chutes  are  found  where  the  strata  are  thinnest, 
and  consequently  where  there  is  least  fall  of  water.  There  are  sixty 
islands,  averaging  two  acres  in  extent,  and  about  as  many  towheads  or 
patches  of  vegetation  scattered  in  the  shoals.  There  is  no  channel  at 
low  water  in  this  part  of  the  river ;  ui  many  places  a  person  can  walk 
across  the  river  without  wetting  his  feet,  and  the  lightest  flat-boat  can- 
not descend  the  shoals  withouf  being  jissisted  in  many  places  on  rollers. 

On  the  right  bank  the  upland  makes  toward  the  river  at  the  head  of 
the  shoals,  leaving  a  narrow  bottom  a  few  hundred  feet  wide  extending 
to  Shoal  creek,  20  miles  below,  upon  which  the  old  canal  is  built. 

There  is  a  vertical  escarpment,  of  the  same  rock  a.s  that  in  the  bed  of 
the  river,  extending  from  Second  creek  to  Bainbridge,  and  gradually 
increasing  from  a  few  feet  in  thickness  to  100  feet  at  the  lower  end  of 
the  canal ;  this  may  be  taken  as  the  total  thickness  of  the  strata  in  the 
bed  of  the  shoals. 

The  diflference  between  high  and  low  water  at  the  shoals  is  only  five 
feet,  corresponding  to  a  50-feet  rise  at  Chattanooga ;  velocity  of  cur- 
rentat  high  stage  from  Ave  to  10  miles  per  hour;  bottom  lands  over- 
flowed only  in  very  low  places. 

Secf)nd  creek.  Blue  Water  creek,  and  Shoal  creek,  on  the  north  bank, 
and  Livingston  creek,  Clear  creek.  Town  creek,  and  Big  Nance  creek,  on 
the  south  bank,  are  large  streams,  with  fertile  bottom  lands  at  their 
mouths.  They  drain  some  of  the  richest  portions  of  the  Tennessee  val- 
ley, and  as  they  are  much  depressed  below  the  general  surface  of  the 
country,  might  admit  of  slackwater  improvement  when  the  interests  of 
the  country  demand  it. 

Between  Big  Muscle  and  Little  Muscle  shoals  there  are  three  miles 
of  good  water,  due  to  the  presence  of  limestone  which  forms  the  bed  of 
the  river ;  but  the  silicious  rock  of  the  big  shoals  with  its  strongly 
marked  stratification  again  a[)pears  at  the  end  of  the  three  miles,  pro- 
ducing Little  Muscle  shoals,  some  three  miles  long.  Though  not  of  the 
same  magnitude  as  the  upper  shoals,  yet  navigation  upon  them  at  low 
water  is  impracticable,  there  being  only  10  inches  at  low  water,  though 
in  many  parts  the  water  is  three  feet  deep. 

At  Florence  stratified  limestone  again  sets  in  and  forms  a  perpendic- 
ular bluff  on  the  left  bank  for  seven  miles  below.  Beyond  these  bluffs 
the  Tuscumbia  and  Courtland  plains  are  i^eached  by  gentle  acclivity. 
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On  the  right  bank  are  extensive  river  bottoms,  in  some  plaees  two 
miles  wide,  bounded  by  rough  hills  of  the  north  uplands. 

Between  Florence  and  Wat^rioo,  34  miles,  occurs  only  one  serious 
obstniction,  Colbert  shoals ;  the  others,  Little  Buck  shoals  and  Bee  Tree, 
admitting  of  easy  removal,  as  they  are  formed  by  small  sand  and 
.gravel  bars. 

At  Colbert  shoals  the  bed  of  the  river  is*composed  of  cherty  lime- 
stone, stratified  ;  it  is  flinty,  tough,  and  difficult  to  work ;  breaking  nearly 
always  at  right  angles  to  the  surface  of  the  rock. 

The  layers  are  thick ;  dip  slightly  in  the  direction  of  the  current,  and 
in  some  places  they  break  into  steps  similar  to  but  not  so  frequently  as 
the  strata  do  at  Muscle  shotUs.  These  few  reefs,  together  with  some 
sand  and  gravel  bars  and  islands,  constitute  the  obstructions.  The 
river  at  this  point  is  a  mile  wide,  least  depth  10  inches,  upon  a  rock  50 
feet  long  in  the  direction  of  the  ciu'rent ;  with  this  exception  there  are 
20  inches  of  water  on  the  shoals.  As  there  is  ample  water  below  Col- 
bert shoals,  with  the  exception  of  Bee-tree,  where  only  a  few  large  iso- 
lated rocks  make  it  unsafe  to  boats  at  low  water,  this  general  view 
need  not  be  extended. 

To  arrive  at  a  correct  idea  of  the  comparative  difficulties  of  the  navi- 
gation of  the  difterent  parts  of  the  Tennessee  river,  the  following  points 
may  be  recapitulated : 

Relative  and  absolute  fall  in  the  river  from  Chattanooga  to  Waterloo^  242 

miles. 


Chatfcsnoog>a  to  the  Suck 

Suck  to  Bridfjeport 

Bridf^eport  to  Brown's  ferry 

frown's  ferry  to  Elk   river 

Elk  river  to  he^d  of  Muscle  shoals . . . 
Head  of  Muscle  shoals  to  Bainbridge. 

Bainbridge  to  Florence 

Florence  to  bead  of  Colbert  shoals 

Head  of  Colbert  shoals  to  Waterloo. . 


A  total  fall  of  little  over  200  feet  in  242  miles,  more  than  one-half  of 
which  is  concentrated  at  Big  and  Little  Muscle  shoals,  in  a  distance  ol 
only  22  miles.  Now,  if  with  this  idea  of  the  relative  magnitude  of  these 
shoals  and  the  other  obstructions  is  mentioned  the  fact  that  during 
only  from  three  to  four  weeks  in  the^year  can  boats  pa^s  over  Muscle 
and  Elk  river  shoals,  and  then  with  danger,  while  steamboats  of  three 
feet  draught  can  navigate  from  head  of  Elk  river  shoals  to  Knoxville, 
300  miles  above,  nine  months  in  the  year,  the  shoals  in  the  vicinity  of 
Chattanooga  cease  to  be  obstructions  in  this  point  of  view. 

Nor  is  navigation  linuted  to  Knoxville.  For  six  months  in  the  year 
boats  of  two  feet  draught  can  ascend  125  miles  above  Knoxville,  up  the 
Holston  river ;  100  miles  up  the  Little  Tennessee  river ;  150  miles  up  the 
Chinch  river;  75  miles  up  the  Hiawassee;  125  miles  up  the  French 
Broad. river;  and  50 miles  up  Towels  river;  making  625  miles  of  trib- 
utary navigation.  If  to  this  be  added  the  first  300  miles,  there  are  925 
^  miles  of  six  months  and  300  miles  of  nine  months'  navigation,  with  only 
three  week^  precarious  outlet  at  Muscle  shoals  to  the  lower  Tennessee  and 
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Mississippi  valley,  from  a  region  whose  draining  into  the  Tennessee 
embraces  15,000  square  miles. 

These  figures  include  only  the  extent  of  natural  navigation.  But 
these  six  tributaries  having  narrow  or  no  bottom  lands,  and  walled  in  by 
precipitous  bluffs,  would  admit  of  easy  slack-water  improvement,  their 
fall  being  no  greater  than  that  of  the  Tennessee  at  Muscle  shoals.  By 
this  means  navigation  on,  the  Holston  could  be  extended  60  additional 
miles  to  Bristol  and  Virguiia  salt  works,  IGO  miles  above  Knoxville ;  on 
the  Clinch  river,  50  miles  above  natural  navigation^  or  200  miles  above 
its  moutli ;  on  the  Hiawassee  river,  100  additional  miles,  or  175  above  its 
mouth;  on  the  French  Broad  river,  100 .additional  miles,  which  would 
extend  its  navigation  to  Asheville,  North  Carolina — its  present  head  of 
navigation  being  at  Dandridge,  Tennessee ;  on  Towels  river,  50  addi- 
tional miles.  Total  slack-water  navigation  in  the  mountains,  360  miles, 
making  a  total  navigation  above  Muscle  shoals  of  nearly  1,300  miles. 

Besides  the  above  fa<jts  appertaining  strictly  to  the  Tennessee  river 
and  its  valley,  there  are  others  continental  in  their  clij^racter,  and 
deserve  some  consideration  in  connection  with  this  general  description 
of  the  Tennessee  river. 

In  examining,  on  the  map,  the  anomalous  course  of  the  Tennessee 
river,  it  is  observed  to  approach  very  closoJy  to  the  rivers  of  the  Gulf 
slope.  At  Gunter8\ille,  the  distance  between  the  Tennessee  and  Coosa 
rivers  at  Gadsden  is  only  45  miles.  As  the  obstructions  of  the  Ten- 
nessee islands  below  Gadsden,  on  the  Coosa,  wiH  be  surmounted  in  time, 
it  becomes  an  interesting  question  as  to  whether  a  water  connection  by 
canal  can  be  made  between  the  Tennessee  and  Coosa  rivers  at  Gunters- 
ville  and  Gadsden,  thus  giving  a  direct  water  communication  from  the 
Tennessee  valley  to  the  Gidf. 

The  topography  of  this  part  of  the  country  indicates  the  feasibility 
of  this  work,  and  from  the  records  of  the  Gadsden  and  Guntersville 
railroad  survey  suflBcient  data  might  be  obtained  to  determine  the 
magnitude  of  the  undertaking;  but  the  ^commercial  advantages  that 
would  attend  the  construction  of  this  work  are  so  great  as  to  demand 
an  examination  of  the  country  with  this  special  view. 

Another  locality  inviting  attention  is  that  between  Asheville,  North 
Carolina,  mentioned  as  the  head  of  future  slack-water  navigation  on 
the  French  Broad,  and  the  Catawba  river  in  North  Carolina,  emptying 
into  the  Atlantic  ocean.  This  distance  is  about  40  miles-  No  opinion 
can  yet  be  advanced  as  to  the  practicability  of  this  enterprise,  but  it  is 
entitled  to  notice  in  this  bird^s-eye  view  of  the  Tennessee  valley. 

It  is  by  such  a  brojul  and  comprehensive  view  of  the  subject  that  is 
obtained  a  proper  estimate  of  the  interests  involved  in  the  removal 
of  the  difficulties  to  navigation  at  Muscle  shoals.  These  interests  are 
not  confined  to  the  Tennessee  valley,  but  may  in  timel)e  made  -to  affect 
the  Gulf  and  Atlantic  coasts,  for  the  impetus  which  would  be  given  to 
commerce  and  trade  in  the  Tenneiisee  valley  by  this  improvement  would 
demand  the  slack-water  improvement  of  its  tributaries  pointed  out, 
and  these  in  time,  aa  the  country  became  fully  developed,  would  lead 
to  the  consummation  of  a  direct  connection  by  water  of  the  Tennessee 
valley  and  the  waters  of  the  Atlantic  and  Gulf. 

Such  are  the  immediate  and  distant  results  which  must  attend  the 
removal  of  Jhe  obstructions  at  Muscle  shoals.  But  as  it  is,  the  Tennes- 
see river  for  purposes  of  commerce  is  a  great  national  artery  severed 
at  Muscle  shoals.  To  restore  a  healthy  circulation  to  trade,  and  vitaL 
ity  to  a  great  section  of  the  United  States,  wasting  away  under  influ- 
euces  that  can  be  counteracted  only  by  bringing  it  in  contact  with  the 
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moving  commercial  world,  is  within  tbe  easy  accomplish  men  t  of  the 
engineer,  and  needs  only  a  careful  study  of  the  Tennessee  riv^er,  aiid  the 
va«t  hydiographic  system  of  which  it  is  the  trunk,  to  perceive  the 
insigniiicance  of  the  time  and  means  required  for  this  work  when  com- 
pared with  the  gigantic  results  to  be  achieved. 

SOME   STATISTICS  AND   OTHER   FACTS    SHOWING   THE    UTILITY  OF  THE 

IMPROVE3IENTS  AT  MUSCLE  SHOALS. 

According  to  the  statistics  of  the  census  of  1860,  the  proportion  of 
improved  acres  in  the  Tennessee  valley,  above  Muscle  shoals,  was 
6,700,000 ;  unimproved,  2,900,000.  The  great  body  of  tliLs  improved 
land  lies  adjacent  to  the  river,  and  therefore  represents  the  finest  lands 
in  the  south.  On  this  territory  there  was  a  population  not  greater  than 
500,000,  or  averaging  only  33  persons  to  the  square  mile.  The  propor- 
tion of  the  returns  for  this  portion  of  the  valley  are  estimated  in  round 
numbers  as  follows : 

Namber. 

Horses,  asses,  and  oxen 558, 000 

Hogs 1, 173,000 

Wheat,  (bushels) 2,  729, 000 

Corn,  (bushels) 26, 045, 000 

Oats  and  rye,  (bushels) 1, 261, 000 

Tobacco,  (pounds) 26^  724, 000 

Cotton,  (bales) 180,000 

Sheep 386,000 

Wool,  (pounds) 702,000 

Irish  and  sweet  potatoes,  (bushels) 1, 898, 000 

Hay,  (tons) 70,000 

Butter,  (pounds) 5, 008,000 

This  was  at  a  time  when  the  onlj^  facilities  to  market,  a^  at  present, 
were  afforded  by  three  railroads,  and  when  the  whole  energies  of  the 
farmer  were  devoted  to  tlie  culture  of  cotton ;  the  expense  of  getting 
his  grain  to  market  prohibit^ed  him  from  raising  cereals  to  any  greater 
extent  than  that  of  home  consumption. 

The  culture  of  cotton  ha^ing  been  generally  absindoned  as  unprofit- 
able, other  products,  especially  wheat  and  corn,  must  increase  propor- 
tionally, and  will  requke  a  far  greater  and  cheaper  outlet  than  that  now 
afibrded.  That  these  will  in  time  be  the  sta])les,  and  that  vast  quantities 
of  other  cereals  and  stock  will  be  raised  for  market,  may  be  inferred 
from  the  well-known  faet  that  the  soil  and  climate  of  the  Tennessee  val- 
ley are  peculiarly  adapted  to  the  culture  of  grain. 

Wheat  matures  six  weeks  earlier  in  north  Alabama  than  in  the  north- 
western States,  and  brings  the  highest  price  in  the  Kew  York  market. 
While  the  northwestern  farmer  has  a  rigorous  winter  to  contend  with, 
which  compels  him  to  house  and  feed  his  stock  for  six  months  in  the 
year,  stock  can  graze  all  winterinnorth  Alabama,  thus  saving  the  farmer 
the  labor  of  providing  for  it.  The  northwestern  farmer,  moreover,  has 
only  six  months  in  the  year  in  which  the  weather  will  permit  him  to  pro- 
vide for  his  wants  in  winter,  while  there  is  hardly  a  day  in  the  year  when 
the  north  Alabama  farmer  cannot  till  his  ground. 

These  advantages  of  this  section  of  the  country  over  the  northwest 
must  have  their  weight,  and  when  it  is  more  generally  known  that  the 
climate  invites  the  farmer  here  which  permits  the  Malaga  grape,  the  fig 
and  pomegranjite  to  flourish  in  the  open  air  in  the  vicinity  of  Chat- 
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tanooga  and  Huntsville — a  climate  which  has  neither  the  rigorous 
winters  of  the  north,  nor  the  feverish  summers  of  the  extreme  south — 
immigration  must  be  turned  to  the  Tennessee  valley.  Its  mild,  uniform 
climate,  fertile  soil,  pure  air  and  abundant  water,  its  educational  and 
social  advantages,  and  a  liberal  policy  to  be  pursued  by  large  landhold- 
ers, are  points  not  to  be  disregarded  by  those  seeking  homes. 

The  mineral  wealth  on  the  tributaries  of  the  Tennessee  river  is  no  less 
than  the  agricultural  resources  of  its  valley.  This  region  is  fast  becom- 
ing known  to  the  people  of  the  country  as  one  of  the  richest  sections  in 
mineral  deposits  in  the  United  States,  whilst  its  merits  as  an  agi-icul- 
turjil  and  stock-growing  country  are  illustrated  by  the  fact  that  from  it 
both  armies  subsisted  for  nearly  two  years  during  the  late  war. 

The  coal  deposits  of  Hamilton  and  Rome  counties,  Tennessee,  are 
enormous,  and  the  coal  is  of  an  excellent  quality  ;  but  that  produced  from 
the  mines  of  Anderson  county  has  been  developed  only  recently  and  is 
transported  by  rail  to  Memphis,  Atlanta,  Augusta,  Macon,  and  other 
cities  of  the  south,  where  it  is  pronounced  equal  to  the  best  Pittsburg 
coal  for  all  i>urposes. 

Tlie  opening  of  the  river  would  develop  the  coal  trade  to  an  immense 
extent,  by  enabling  it  to  be  furnished  to  distant  points  at  half  its  present 
price,  and  with  it  would  stimulate  the  manufacture  and  exportation  of 
iron,  zinc,  and  copper,  of  which  vast  quantities  are  found  in  this  section 
of  the  State. 

According  to  the  census  of  1860,  the  amount  of  coal  mined  in  Ten- 
nessee was  3,474,100  tons,  full  three-fourths  of  which  were  from  the 
upper  Tenuessee.  At  Florence,  Alabama,  this  trade  would  in  time  re- 
ceive another  feeder  from  the  mountains  of  Alabama,  30  miles  from  the 
river,. where  the  coal  is  of  a  sup<^rior  quality. 

With  the  opening  of  the  Tennessee  river  at  Muscle  shoals,  Emory  river 
coal  could  be  delivered  at  Decatur  for  24  cents  per  bushel,  at  Paducah 
for  27  cents,  without  any  interruption  to  the  trade  from  ice. 

Wheat  could  be  transported  to  New  Orleans  for  20  cents  per  bushel, 
and  thence  to  New  York  for  12  cents  per  bushel,  making  32  cents  from 
the  Tennessee  valley  to  New  York,  whilst  freights  from  Dubuque,  Iowa, 
by  rail  to  New  York  is  6S  cents,  which  the  western  farmers  are  compelled 
now  to  i)ay. 

If,  eventually,  there  should  be  a  connection  between  the  Tennessee 
and  (Joosa  rivers  by  canal,  grain  could  be  transported  from  the  valley  to 
Mobile  for  12  cents  per  bushel,  reducing  the  distance  of  water  carriage 
800  miles,  and  the  freight  to  New  York  to  24  cents. 

Fmther  evidence  of  the  national  benefits  which  would  result  from  the 
improvement  contemplated  need  not  be  multiplied. 

In  whatever  light  the  opening  of  the  Tennessee  river  is  viewed, 
whether  as  a  means  of  developing  the  material  i)rosperity  of  the  valley 
or  as  a  means  of  strengthening  the  bond  of  union  between  north  and 
south  by  i)romoting  intercourse  between  them,  the  subject  is  one  of  great 
moment,  and  recommends  itself  to  the  serious  attention  of  the  capitalist 
and  statesmen. 

THE  ONLY  nrPROVEMENT  NOW  ABSOLUTELY  DEMANDED. 

After  careful  consideration  of  the  subject  I  am  forced  to  the  conclu- 
sion that  the  only  appropriation  now  absolutely  demanded  to  open  the 
Tennessee  river  for  nine  months  in  the  year,  is  one  sufficient  to  build  a 
canal  from  Brown's  ferry  to  the  mouth  of  Elk  river,  a  distance  of  11 
miles;  to  repair  the  one  already  built  from  Campbell's  ferry  to  Lamb's 
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ferry,  around  Muscle  shoals;  and  to  remove  or  overcome  the  obstructions 
at  Little  Muscle  and  Colbert  shoals.  All  the  other  impediments  to  navi- 
gation are  not  insurmountable  at  most  stages  of  the  water  bs  they  at 
present  exist,  but  these  shoals  are.  I  would  therefore  call  your  espe- 
cial attention  to  the  description  of  Elk  river,  Muscle,  Little  Muscle,  and 
Colbert  shoals,  and  to  the  plans  and  estimates  for  their  improvement. 

PREVIOUS  APPROPRIATIONS  AND  EXPENDITURES. 

The  obstacles  to  navigation  between  Brown's  ferry,  35  5-8  miles  above 
Florence,  Alabama,  and  Waterloo,  about  30  miles  below  it,  consisting 
of  Elk  river.  Muscle,  Little  Muscle,  and  Colbert  shoals,  are  the  only  for- 
midable ones  in  the  river,  and  this  section  of  the  river  has  been  repeat- 
edly surveyed  with  a  view  to  overcoming  them,  the  first  survey  having 
been  made  by  a  board  of  United  States  engineers  in  1828. 

The  topographical  features  of  these  obstructions  as  noted  in  the  sur- 
vey just  concluded  have  already  been  described  in  their  appropriate 
place,  as  had  also  the  plans  now  proposed  for  overcoming  them. 

In  1832  the  board  of  internal  improvement  projected  a  plan  to  over- 
come them,  based  upon  the  surveys  of  1828,  and  those  made  in  the  three 
subsequent  years,  consisting  of  a  canal  from  the  head  of  the  rapids  next 
below  Brown's  ferry,  thence  following  the  course  of  Sluice  island  for  six 
or  seven  miles,  to  descend  to  a  bamn  to  be  formed  at  the  mouth  of  Elk 
river,  for  the  accommodation  of  that  stream.  A  dam  across  the  Ten- 
nessee was  to  eff'ect  this  object.  From  the  basin  fit  Elk  river  the  canal, 
following  the  northern  shore  of  the  river,  was  to  be  formed  on  the  allu- 
vial bottoms  where  the  cliflfs  jut  into  it.  The  passage  of  all  the  streams 
except  Shoal  creek  was  to  be  effected  by  dams.  Shoal  creek  was  to  be 
crossed  by  an  aciueduct. 

A  basin  to  be  formed  at  Campbell's  ferry  by  a  dam  across  the  Tennes- 
see was  to  receive  the  canal  at  that  place,  and  the  lower  levels  were  to 
be  carried  thence  along  the  northern  shore,  chiefly  under  the  cliflfs,  to  the 
deep  water  at  Florence.  The  estimated  cost  of  the  work,  assuming  a 
breadth  of  60  feet  for  the  trunk  of  the  canal,  was  $1,388,102  54,  and  for 
a  breadth  of  70  feet,  $1,424,455  81,  and  the  funds  provided  for  its  con- 
struction, as  well  as  of  the  works  below  Florence,  were  the  proceeds  of 
the  sale  of  400,000  acres  of  United  States  lands  within  the  State  of 
Alabama,  to  which  State  the  execution  and  management  of  the  work 
was  confided,  with  the  injunction  that  it  should  be  commenced  «at  the 
lowest  point  of  obstruction  within  the  State  and  be  continued  upwards 
until  completed.  But  the  money  arising  from  these  sales  fjilling  far 
short  of  the  estimated  cost  of  the  work,  and  being  evidently  iusuflticient 
for  the  accomplishment,  the  commissioners  of  the  State  were  subse- 
quently authorized  to  contract  for  and  construct  the  part  of  the  canal 
beginning  at  Campbell's  ferry  and  running  up  the  river  to  Lamb's  ferry, 
before  that  part  between  Campbell's  ferry  and  Florence,  and  to  connect 
it  with  the  river  at  both  the  eddies;  and  the  plans  of  the  board  of  inter- 
nal improvement  were  so  modified  as  to  enable  the  commissioners  to  do  so. 

This  canal  was  built  and  used  for  a  short  time;  but  as  in  low  water  boats 
could  not  ascend  nor  descend  the  shoals  above  and  below  it,  and  at  high 
water  it  was  not  needed,  it  soon  fell  into  disuse.  It  is  said  that  the  State 
of  Alabama,  a  number  of  years  ago,  had  the  lock  gates  burned,and  took  pos- 
session of  the  iron  that  was  upon  them  to  prevent  its  being  stolen.  The 
masonry  of  the  canal  is  still  in  good  order,  and  the  tow-path  is  generally  in 
a  good  state  of  preservation ;  but  there  are  some  three  feet  of  earth  accum- 
ulated in  the  bottom  of  the  canal,  and  its  dimensions  and  excavation  of  42 
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feet  width  at  the  bottom  and  60  feet  at  the  surface,  calculated  for  six  feet 
of  water,  with  locks  only  120  feet  between  the  hollow  quoins  and  32  feet 
between  the  walls,  are  entirely  too  small  for  steamboats  of  any  size. 

With  the  construction  of  the  other  improvements  mentioned  a  por- 
tion of  the  work  expended  upon  this  canal  may  be  made  available,  but 
at  present  it  is  simply  a  monument  of  misdirected  energies  and  of  a 
foolish  expenditure  of  money. 

CONCLUSION. 

Having  been,  during  the  entire  time  of  making  this  survey,  more  or 
less  occupied  by  my  duties  as  principal  assistant  engineer  of  the  New 
Orleans,  Mobile,  and  Chattanooga  railroad,  and  having  been  permitted 
only  by  the  reluctant  consent  of  Mr.  Van  Vleck,  the  chief  engineer,  to 
assume  the  superintendence  of  this  survey,  I  have  been  only  able  to 
give  my  personal  attention  to  the  examination  of  obstructions  at  the 
Tumbling  shoals  and  Suck,  near  Chattanooga,  and  to  the  most  import- 
ant of  all  the  obstructions,  the  Muscle  and  the  adjoining  shoals.    , 

In  my  absence  the  business  of  my  oflBce  at  Chattanooga  was  conducted 
by  Mr.  Thomas  B.  Kirby,  to  whom  I  am  under  obligations  for  his  faithful 
attention  to  matters  placed  by  me  under  his  care,  and  also  for  material 
assistance  in  the  preparation  of  this  report. 

The  topographical  notes  contained  in  this  report  are  based  upon  the 
observations  made  by  Mr.  Fred.  T.  Hampton,  and  were  compiled  by  him, 
and  I  consider  them  entirely  reliable.  The  maps  appended  were  also 
constructed  by  him,  under  my  direction. 

The  estimates  of  the  cost  of  removing  the  obstructions  were  made  by 
Mr.  W.  P.  Homan,  assisted  by  James  C.  Long. 

I  cannot  value  too  highly  the  services  of  these  gentlemen,  who  have 
displayed  an  ability,  industry,  and  zeal  w^hich  is  worthy  of  recognition. 

Much  of  the  efficiency  of  the  sur\^ey  has  been  due  to  the  pilot.  Cap- 
tain T.  J.  Woodward,  whose  familiarity  with  every  point  in  the  river, 
the  result  of  some  21  years'  experience,  and  his  strict  attention  to  duty, 
have  enabled  him  to  render  very  valuable  service.  It  is  reported  to  me 
that  he  carried  the  survey  boat  over  the  Muscle  shoals  at  a  lower  stage  of 
water  than  a  boat  of  the  same  draught  had  ever  been  able  to  pass  in. 

All  of  which  is  respectfully  submitted. 

WILLIAM  B.  GAW, 
Civil  Engineer^  Chief  Assistant  Engineer. 

Brevet  Maj.  Gen.  G.  Weitzel, 

Major  of  Engineers  U.  S.  A. 


APPENDIX  K. 

IMPROVEMENT  OF  WESTERN  RIVERS,  EXCEPTING  THE  OHIO  RIVER. 

Annual  Report  of  Colonel  J.  2^.  Macomb, 

Office  of  Western  Kiver  Improvements, 

Cineinnatij  OhiOy  September  7,  1868. 

General  :  In  obedience  to  the  requirements  of  the  circular  from  Head* 
quarters  of  the  Cori)8  of  Engineers,  dated  June  10,  1868,  I  beg  leave  to 
present  the  following  annual  report  upon  the  works  under  my  charge^  aa 
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superintending  engineer  of  the  "improvement  of  the  western  rivers, 
except  the  Ohio  river,"  for  the  year  ending  June  30,  1868 : 

As  I  stat-ed  in  my  last  annual  report,  the  extent  of  the  work  required 
for  improving  these  rivers  is  so  great  a«  clearly  to  come  under  the  class 
of  indefinite,  or  "admitting  of  no  permanent  complerion ;"  stiU,  the 
amount  of  good  ettected  is  such  as  to  encourage  the  continuance  of  the 
operations  already  commenced,  and  to  make  an  increase  in  the  means 
and  appliances  for  doing  the  work  ;  and  I  have  no  doubt  that  with  the 
establishment  of  boats  and  machinery,  as  proposed  in  my  estimates  for 
the  fiscal  year  ending  June  30,  1870,  wliich  I  have  forwarded  t>o  you  to- 
day, the  whole  subject  will  assume  a  more  definite  and  tangible  form, 
and,  indeed,  change  its  character  to  that  of  works  requiring  a  moderate 
annual  expenditure  for  keeping  them  in  a  condition  satisfactory  to  the 
public. 

The  operations  have  been  contluct^d  under  the  following  heads : 

I.  Construction  of  snag-boats  and  machinery. 

II.  Examiimtion  and  survey  of  western  and  northwestern  rivers. 

III.  Improvement  of  Mississippi,  Missouri,  and  Aikansas  rivei*s. 

I.   CONSTRUCTION  OF  SNAO-BOATS  AND  IMACHINERY. 

At  the  time  of  making  my  last  annual  report,  the  snag-boats  then 
under  contract  were  jet  upon  the  stocks,  as  the  water  in  the  Ohio  river 
was  too  low  to  admit  of  their  being  launched.  They  were  thus  delayed 
until  the  18th  December,  1867,  when  the  J.  J.  Abert  and  the  S.  H.  Long 
were  launched  at  Cincinnati,  and  two  davs  later  the  E.  E.  DeRussv  was 
launched  at  New  Albany.  The  severe  and  inclement  weather  that  fol- 
lowed the  launching  of  the  boats  prevented  their  being  fitted  out  as 
expeditiously  as  they  would  have  been  under  favorable  circumstances. 

It  is  very  gratifying  to  be  able  to  rei)ort  to  you  the  pertect  success  of 
these  boats,  after  the  study  and  expense  that  have  been  bestowed  upon 
them,  and  after  the  vexatious  delays  that  occurred  in  their  construction, 
arising  from  the  necessity  of  making  so  many  contracts,  under  the  sys- 
tem of  awarding  the  contracts  to  the  lowest  bidders  for  the  various  kinds 
of  work. 

The  distinctive  feature  of  these  boats  consists  in  having  the  machinery 
for  pulling  snags  indei)endent  of  that  for  driving  the  paddle- wheels. 
This  has  proved  to  be  as  important  and  useful  as  was  anticipated  when 
I  first  reported  it  to  you.  The  experience  which  has  been  gaineil  since 
the  commen<;ement  of  the  present  working  season  shows  where  some 
improvements  may  be  made  in  matters  of  minor  detail,  while  it  fully  jus- 
tifies the  adherence  to  the  general  plan  and  principle  of  the  double- 
hulled  snag-boat  with  independent  machinery  for  imlling  snags.  There 
was,  very  naturally,  a  great  anxiety  to  test  the  working  of  the  new 
machinery,  inasmuch  as  no  small  amount  of  condemnatory  criticism  had 
been  bestowed  upon  our  dei)arture  from  the  plans  and  arrangements  of 
the  snag-boats  of  a  former  day,  by  a  few  of  those  persons  who  had  seen 
them  or  worked  on  board  of  thenj.  The  test  fully  realized  our  most  sun- 
guine  expectations,  and  proved  that  our  changes  from  the  old  i>lans,  as 
indicated  in  the  last  report,  were  indeed  very  great  improvements. 

Much  time  and  study  have  been  bestowed  upon  preparing  a  model 
with  plans  and  specifications  for  a  light-draught  snag-boat,  for  use  upon 
the  Arkansas  river,  which,  having  received  your  approval,  will  be  put 
under  contract  with  no  more  delay  than  what  is  incidental  to  the  sys- 
tem required  by  the  existing  law  to  be  followed  in  such  cases. 

It  is  expected  to  profit  by  a  careful  observation  of  the  working  of  the 
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boats,  and  to  submit  for  your  consideration  plans  for  additional  ones 
embnii^in^r  all  the  improvements  that  such  observation  will  naturally 
lead  to.  By  this  course  it  is  hoped  that  within  the  next  year  we  may 
be  provide*!  with  such  a  number  of  most  ethcient  boats  as  will  enable 
lis  to  puvsh  forward  the  work  that  they  will  have  to  do  with  all  the 
rai>idity  its  importance  demands. 

I  take  pleasure  in  stating  that  the  merit  attaching  to  the  planning  and 
constructing  of  these  boats  belongs  to  Mr.  E.  M.  Shield,  the  principal 
civil  assistant  engineer  in  this  branch  of  my  duties.  I  can  only  claim 
for  myself  the  credit  of  adoi)ting  the  plans  after  a  critical  discussion  of 
them  with  him. 

II.   EXAMINATION  AND  SURVEY  OF  WORKS  OF  IMPROVEMENT,  ETC.,  ON 

THE  WESTERN  AND  NORTHWESTERN  RIVERS. 

Brevet  Major  Howell,  captain  of  engineers,  made  an  exploration  of 
the  upper  Missouri  in  the  summer  of  18G7.  I  had  the  pleasure  of  trans- 
mitting to  you,  on  the  14th  January,  1808,  the  report  of  the  result  of 
his  examinations,  and  on  the  17th  of  April  last,  the  maps  and  sketches 
to  illustrate  his  report,  to  which  and  to  my  own  recommendations 
thereon  I  now  beg  leave  to  refer. 

In  May  of  the  present  year  T  directed  Major  Howell  to  organize  a 
small  party  for  the  survey  of  the  lower  portion  of  the  Missouri,  and,  as 
a  measure  of  economy  and  convenience,  to  place  the  party  on  board  the 
United  States  snag-boat  li.  E.  DeKussy,  operating  in  that  river.  This 
was  done,  and  the  party  is  still  at  work  there, its  chief  being  Mr.  George 
B.  Nicholson,  (formerly  sergeant  company  K,  Oth  Ohio  volunteer  in- 
fantry,) the  very  efficient  and  clever  draughtsman  who  i)rei)ared  the 
maps  and  sketches  above  alluded  to  of  the  upper  river. 

In  April,  I  sent  an  assistant  to  the  Arkansas  river,  with  instructions 
to  organize  a  small  pjirty  to  make  examinations  and  report  touching 
all  the  dangers  to  navigation  existing  there ;  and  also  to  ascertain  how 
far  up  that  river  it  would  be  safe  to  send  one  of  our  new  snag-boats. 
And  it  was  upon  that  information  that  I  sent  the  S.  H.  Long  there,  as 
stated  under  the  appropriate  head.  He  was  also  instructed  to  inquire, 
in  passing,  about  the  wrecks  in  the  Mississippi  and  in  the  vicinity  of 
Memphis.  Upon  this  subject  his  rejwrt  was  forwarded  to  you  on  the 
13th  May  la^t,  with  my  monthly  report  for  April.  I  send  herewith  a 
report  from  Mr.  C.  E.  Pierce,  the  assistant  last  referred  to,  touching  his 
further  examinations  ujion  the  Arkansas  river,  which  will  show  the 
necessity  of  a  more  minute  survey  there  than  has  heretofore  been  made. 

in.   IMPROVEMENT    OF    THE    MISSISSIPPI,    MISSOURI,     AND     ARKANSAS 

RIVERS. 

The  first  work  undertaken  under  this  head  was  the  removing  of  wrecks 
and  other  obstructions  by  blasting.  These  operations  were  conducted 
by  my  assistant,  Mr.  C.  E.  Pierce,  w  hom  I  had  placed  in  charge  of 
our  wrecking  steamer,  the  J.  G.  Totten.  His  consolidated  rei)ori  was 
transmitted  to  you  on  the  4th  of  April  last,  with  my  monthly  report 
for  March,  18G8.  A  reference  to  it  will  show  that  much  labor  was  bestowed 
in  efforts  to  remove  wrecks  in  the  vicinity  of  Memphis,  Tennessee,  and 
of  St.  Louis,  and  at  points  upon  the  upper  MissiSvsippi,  where  a  more 
complete  success  was  attained  than  had  rewarded  the  efforts  at  St. 
Louis  and  below.  The  steamer  Totten,  which  had  been  pun^hased  and 
fitted  up  for  this  branch   of  the  business,  we  had  the  auiifov:t,v\x\fe  \i^ 
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lose  in  December  last,  near  Chester,  Illinois,  as  she  was  on  the  way  to 
resume  work  in  the  lower  Mississippi.  She  had  met  with  very  gocid 
success  in  blowing  up  wrecks  with  gunx)owder,  ignited  by  means  of 
the  electric  current ;  but  she  had  not  the  requisite  strength  of  hull  to 
enable  us  to  use  on  board  of  her  sufficiently  powerful  machinery  for 
raising  the  heavy  pieces  detached  from  a  sunken  wreck  by  the  explo- 
sions ;  and  I  am  satisfied  that  the  operation  of  "  wrecking"  can  only  be 
thoroughly  accomplished  by  having  a  boat  built  expressly  for  such  hard 
service.  Our  merchant  steamers  are  either  too  large  and  t>oo  deep  for 
this  ser\ace,  or  else  are  built  with  very  small  timbers  to  insure  a  light 
draught,  necessarily  sacrificing  strength. 

The  next  operation  tried  under  this  head  wa«  removing  obstructions 
by  contract;  as  reported  last  year,  contracts  were  entered  into  for  clear- 
ing snags,  &c.,  trom  the  Arkansas  and  Missouri  rivers,  with  parties  fur- 
nishing men,  boats,  and  appliances  for  this  service.  The  i-eport  of 
Captain  D.  Hiner,  who  was  appointed  by  me  to  supervise  the  work  upon 
the  Arkansas,  was  sent  to  you  on  the  13th  of  January,  1868 ;  and  I 
herewith  forward  the  report  of  Captain  J.  F.  Eichardson,  (late  of  our 
volunteer  navy,)  whom  I  employed  to  suj)ervise  the  contract  work  upon 
the  Missouri  river. 

Shice  sending  in  Captain  Hiner's  report  upon  the  Arkansas  work,  I 
have  had  a  better  insight  into  the  business  of  snagging  than  1  had 
attained  at  that  time,  and  this  determines  me  to  greatly  prefer  the  plan 
of  a  shoal- water  snag-boat,  which  I  submitted  to  you  on  the  12th  of 
August,  1868,  rather  than  that  proposed  by  Captain  Hiner,  although  I 
approved  of  his  at  the  time  of  submitting  his  report.  Captain  Richard- 
son also  appended  to  his  report  a  plan  for  a  snag-boat,  but  for  the  reason 
expressed  above  I  do  not  tieem  it  necessary  to  forward  it. 

By  Captain  Richardson's  report  it  will  be  seen  that,  aft^er  some  three 
or  four  months  of  experience  on  board  of  the  Underwriter  (our  char- 
ter on  the  Missouri,)  he  came  to  the  conclusion  "  that  no  boat,  unless 
specially  constructed  for  snagging,  can  accomplish  much  good"  in  that 
line  of  business. 

My  own  experience  in  the  two  contracts  above  named,  and  my  observa- 
tion t)f  tlic  practical  working  of  our  three  new  snag-boats,  confirm  me 
in  the  opinion  that  it  is  only  by  using  the  government  boats,  expressly 
built,  manned,  and  fitted  out  for  this  work,  that  we  can  expect  to  make 
such  progress  as  the  nature  of  the  case  demands. 

I  find  that  those  employed  upon  our  snag-boats  take  a  great  degree 
of  interest  in  their  work,  and  every  man  manifests  a  strong  desire  that 
the  boat  on  which  he  is  employed  shall  excel  each  of  the  others.  Thus 
far  the  struggle  has  not  been  equal  among  them ;  for  while  the  party 
on  the  Missouri  river  has  been  favored  with  uninterrupted  good  health, 
the  others,  on  the  Arkansas  and  Mississippi,  have  suffered  greatly  from 
sickness,  the  Long  losing  one  man  by  death,  and  the  Abert  losing  her 
captain.  In  the  death  of  Captain  Dodson  our  work  has  sustained  a 
great  loss.  He  was  our  pioneer  captain,  and  he  showed  a  zeal  for  this 
particular  work  which  cannot  be  siupassed.  He  died  at  his  i>ost,  hav- 
ing been  actually  at  work  on  the  deck  of  the  Abert  within  three  days  of 
the  time  of  his  death. 

In  conclusion,  I  beg  leave  to  submit  a  brief  sketch  of  the  operations 
of  the  three  new  snag-boats,  (built  in  1867  and  1868,)  and  also  a  tabular 
statement  of  the  amount  of  work  accomplished  by  each  boat,  to  include 
the  fiscal  year  ending  on  the  30th  June,  1868;  of  course  much  work  has 
been  done  since  that  time,  but  that  will  be  noticed  in  a  future  report. 
The  J.  J.  Abert  was  the  fixst  to  take  the  field,  as  all  of  the  contract- 
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ors  for  her  different  parts  worked  in  Cincinnati,  and  sbe  was  conse- 
quently equipped  completely  before  leaving  here.  She  sailed  on  the 
23d  of  March,  1868,  to  commence  operations  in  that  part  ot  the  Mis- 
sissippi river  between  St.  Louis  and  Cairo.  She  continned  at  work 
thron^hout  the  month  of  April,  and  reached  St.  Lonis  by  the  middle 
of  May,  having  destroyed  all  the  snags  that  were  visible  on  the  route 
at  the  iiigh  stage  of  water  th^^n  existing.  She  then  returned  to  Cairo 
for  certain  repairs,  and  began  work  on  the  10th  of  June,  below  that , 
point,  and  continued  down  the  Mississippi,  and  reached  island  No.  14 
by  the  3t)th  of  June,  having  removed  and  destroyed  158  snags  in  all, 
viz :  above  Cairo  103,  and  below  that  point  oo.  As  these  iigui-es  convey 
but  an  inade<piate  idea  of  the  labor  performed,  I  would  refer  to  the  tab- 
ular statement,  wherein  the  dimensions  of  each  snag  are  given,  from 
which  the  weights  have  been  computed.  The  total  weight  of  snags 
removed  by  the  Abert  is  2,708  tons,  exclusive  of  the  roots,  which  it 
was  not  found  possible  to  include  in  anything  like  exact  measure ;  but 
as  tliey  constitute  the  natural  anchors  of  the  snags,  it  is  easy  to  see 
that  they  added  greatly  to  the  labor  of  lifting,  particularly  ({us  it  often 
happened)  when  they  had  to  be  drawn  out  from  their  deep  beds  of  mud 
and  sand  in  the  river  bottom. 

On  the  22d  April,  1868,  the  S.  H.  Long  left  Madison,  Indiana,  (whither 
sbe  had  been  towed  from  Cincinnati,  to  receive  her  cabins  and  machinery,) 
and  steamed  down  the  Ohio  for  the  Arkansas  river  to  commence  opera- 
tions. 1  had  received  information  from  an  assistant,  whom  I  had  sent 
to  the  Arkansas  some  weeks  before,  that  a  boat  of  the  dimensions  of 
one  of  the  new  snag-boats  might  go  with  safety  as  far  up  the  Arkansas 
river  as  Douglass's  landing,  about  90  miles  Irom  the  mouth,  and  work 
down  the  river  from  that  vicinity  in  the  course  of  May  and  June.  I 
accordingly  fixed  upon  that  field  as  a  useful  one  in  which  to  commence 
work  with  the  snag-boat  S.  H.  Long.  On  30th  April  she  entered  the 
mouth  of  White  river,  and  passed  through  the  White  River  cut-otf  into 
the  Arkansas. 

On  the  way  down  the  Ohio  this  boat  made  the  first  trial  of  her  powers 
u]>ou  a  snag  at  the  head  of  Wabash  island.  The  snag  wju»  successtiilly 
raised  and  destroyed.  It  had  been  a  danger  of  long  standing  in  the 
channel  of  the  Ohio  river. 

On  arriving  in  the  Arkansas,  the  water  was  found  to  be  too  high  to 
work  near  the  cut-off,  and  the  boat  proceeded  up  the  stream  and  com- 
menced work  at  Floyd  Smith's  landing,  on  the  4th  of  May,  and  rea<;hed 
Douglass's  landing  by  9th  of  May,  and  worked  thence  down  the  stream 
as  fai*  as  the  post  of  Arkansas,  and  from  this  point  worked  up  the  river 
to  Douglass's  landing  again,  as  the  stage  of  water  became  more  favorable 
for  the  operations  in  that  part  of  the  river.  She  continued  to  work  in 
the  Arkansas  river  and  White  Kiver  cut-off  until  the  20th  of  June,  and 
in  the  seven  weeks'  time  spent  in  that  district  had  removed  and  destroyed 
134  snags,  20  of  which  were  in  the  White  Kiver  cut-off*. 

On  inspecting  the  boat  on  the  20th  June,  I  found  that  the  water  was 
getting  so  low  as  to  endanger  her,  and  I  therefore  ordered  the  wiptain 
to  leave  Arkansas  river  and  commence  in  the  Mississippi,  abreast  of 
Ozark  island,  and  work  up  the  stream  towards  Memphis.  The  operations 
were  continued  until  the  boat  reached  Helena,  Arkansas,  at  the  end  of 
June,  having  destroyed  14  large  snags  between  that  place  and  Ozark 
island,  making  in  all  149  snags  destroyed  by  the  S.  H.  Long  by  30th 
June,  1868.  The  work  on  board  of  this  boat  was  much  interrupted  by 
sickness  in  the  course  of  the  month  of  June,  and  we  lost  one  of  the 
crew  by  death. 

38  w— Part  II 
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A  reference  to  the  tabular  statement  will  show  that  the  weight  of  snags 
lifted  and  destroyed  by  the  Long  was  2,291  tons,  and  the  same  remark 
as  to  the  weight  of  roots,  &c.,  will  apply  as  in  the  case  of  the  Abert. 

The  snag-boat  R.  E.  De  Russy  left  the  landing  of  Portland,  Kentucky, 
where  she  had  received  her  machinery  and  the  finishing  touches  of  the 
joiner  and  painter,  and  proceeded  aroulul  to  the  Missouri  river,  which 
she  entered  on  the  8th  of  May,  1868,  having  procured  some  timber  on 
the  route  with  which  to  complete,  her  preparations  for  pulling  snags. 

Operations  were  begun  on  the  11th  of  Slay,  1808.  Owing  to  the  hi^h 
stage  of  water  at  the  mouth  of  the  Missoiui,  but  eight  snags  were  taken 
out  below  St.  Charles,  and  a  reach  of  some  20  miles  up  from  the  mouth 
of  the  river  was  left  to  be  cleared  of  snags  during  the  low  water  usual 
at  the  latter  part  of  summer.  The  operations  were  regulslrly  and  sue 
cessfully  prosecuted  as  the  boat  proceeded  up  the  river  from  St.  Charles, 
and  by  the  30th  of  June  she  had  destroyed  222  snags  in  the  Missouri 
below  the  vicinity  of  Hennann,  having  left  the  river  i^omparativcly  five 
from  dangers  for  the  better  part  of  iOO  miles,  and  having  gained  an 
experience  in  the  business  that  will  i)robably  enable  them  to  clear  out 
some  300  miles  more  in  the  course  of  the  present  working  season,  if 
favored  with  a  suitable  stage  of  water. 

A  reference  to  the  tabular  statement  will  show  that  the  De  Russy 
hauled  out  and  destroyed  some  2,486  tons  of  simgs,  in  which,  as  In  the 
case  of  each  of  the  other  boats,  the  weight  of  roots  is  not  considered.  It 
may  be  remarked,  too,  in  further  explanation  of  these  tables,  that  they 
embrace  many  snags  the  weight  of  which  was  not  computed,  as  the 
dimensions  were  not  given;  also  that  many  snags  were  put  out  of  the 
way  of  navigation  without  having  been  hauled  on  board,  and  are  cou- 
sequently  not  entered  in  the  tables  at  all. 

In  the  report  of  Mr.  Shields,  which  1  herewith  transmit,  thei'e  is  an 
estimate  for  lighting  certain  reaches  of  the  Mississippi  where  cro.ssings 
ax^e  necessary,  and  if  the  scheme  should  be  approved,  as  I  hope  it  may, 
the  expense  being  but  some  $1,500,  could  readily  be  met  from  the  general 
appropriation  for  iminoving,  unless  it  should  be  deemed  to  be  tbreigii 
to  character  of  the  works  in  my  case. 

I  have  to  express  my  thanks  to  Brevet  Major  Suter,  captain  cori>8  of 
engineers,  who  joined  me  in  July,  18G8,  for  the  assistance  he  has  rendered 
to  me,  particularly  in  systematizing  and  condensing  the  records  of  the 
snag-boats,  and  in  arranging  the  tiibular  statements  of  work  done,  also 
for  his  ingenuity  in  inventing  a  table  by  which  the  computation  of  the 
weight  of  snags  is  greatly  facilitated. 

All  of  which  is  most  respectfuUy  submitted  by  your  most  obe(hent 
servant, 

•  J.  K.  MACOMB, 

Col.  Ung^rSj  Bvt  Col.  U.  S.  A.,  Gen.  Supt  U.  S.  SSnagboaU^ 

and  in  charge  Western  River  ImprovenienU. 

Brevet  Maj.  Gen.  A.  A.  Humphreys, 

Chief  Engineer  U.  S.  A.,  Headquarters  Cotps  of  Eng^ineers^ 

Washington^  J).  C. 


K  1. 

Cincinnati,  Ohio,  August^  1807. 

Colonel  :  In  accordance  with  your  appointment  and  orders  of  29th  of 
Augnstj  1867, 1  proceeded  to  St.  Louis  and  boarded  contract  steamer 
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Underwriter,  for  the  purpose  of  inspectiq^  and  supervising  the  work  of 
said  steamer  while  in  the  employment  of  the  United  States  for  the  pur- 
pose of  snagging  and  renioviirg  obstructions  from  tlie  channel  of  the 
upper  Missouri  river,  as  by  contract  dated  14th  of  August,  1KH7. 

September'. — The  Underwriter^  fully  manned,  eqnippe(l  and  provisioned, 
with  complete  apparatus  Ibr  drawing  out  snags  and  wrecking,  pumps, 
&c.,  for  raising  sunken  boats,  and  drawing  three  feet,  entered  Alissouri 
river  September  2d,  1^>(>7 ;  found  four  and  a  hftlf  feet  in  the  channel. 
We  proceeded  steadily  up  the  river  without  interruption,  taking  a 
memorandum  of  all  snags  and  other  obsta(;les  in  the  channel  whose 
removal  would  l)enelit  navigation. 

September  l.'Uh,  reached  a  point  six  miles  almveNebrjiska  City,  where 
we  found  steamer  H.  S.  Turner,  sunk  by  a  snag  a  few  days  previous  to 
our  arrival.  By  evening  of  the  20th  instant  the  Turner  was  sucx^ess- 
fully  raised,  and  reached  St.  Louis  for  repairs.  Said  boat  was  in  her 
second  yeai^,  built  in  Cincinnati  at  a  cost  of  $75,000.  We  also  succeeded 
in  saving  a  quantity  of  governuKMit  freight  that  had  been  shi])ped  on 
the  Turner.  This  boiit  lay  directly  acrovss  the  channel,  and  if  allowed 
to  have  remained  would  have  proved  a  serious  obstruction. 

Sei)tember  21st,  proc^eeded  ui)  the  river,  but  owing  to  the  low  stage  of 
water  then  existing  could  not  reai^h  as  high  up  as  Omaha.  1  then  con- 
cluded, on  account  of  the  rai)idly  falling  river,  to  work  back  towards  the 
mouth.     Result  as  follows : 

October, — Cleared  first  right-hand  bend  above  Wyoming,  made  a  good 
channel  through  Kansa^s  bend,  cleared  the  bend  op])osite  Brownsville 
and  the  first  left-hand  below  St.  Cloud;  these  bends  were  in  a  very 
unsafe  condition  for  passing  steamers,  and  our  work  there  was  most 
o[>portune  and  advantag(H)us.  Some  very  heavy  snags  were  removed, 
measuring  three  and  a  half  feet  in  diameter. 

At  Iowa  Point  several  dangerous  snags  were  removed.  Proceeding 
down  to  Wilson's,  Ibund  steamer  Laccy  snagged  and  sunk,  hull  a  total 
loss.  We  siK'ceeded  in  saving  .KM)  sacks  of  wheat,  and  after  removing 
all  the  furniture,  &c.,  and  the  machinery,  to  the  shore,  burnt  the  rest 
of  the  boat  and  tore  out  the  wheels,  so  that  no  obstruction  should  remain. 
Continued  to  take  out  snags  from  time  to  time  as  we  found  them  in 
the  channel;  reached  St.  fh)sci)h  October  10th.  But  few  dangerous 
snags  to  Leavenworth,  which  W(ne  removed.  At  Wyandott  found  drift 
pih»s  of  logs,  which  were  removed  and  burned  ;  several  snags  were  also 
taken  out  at  same  place.  Continued  down  the  river,  removing  snags 
from  the  channel  as  we  found  them. 

At  Goodwin's  landing  two  enormous  snags  were  taken  out,  also  sev- 
eral snags  removed  at  Poverty  Point. 

Xovember. — ^(Meared  first  bend  above  Brunswick,  cleared  first  bend 
l}elow  Frankfort;  found  several  dangerous  snags  at  Arrow  llock,  which 
were  taken  out.     This  place  was  almost  impassable  for  boats. 

On  the  way  down  to  J(»rterson  City  several  snags  were  removed  from 
the  channel,  and  so  on  until  we  arrived  near  the  mouth  of  Osage  river, 
and  found  steamer  Amelia  Poe  snagged  and  sunk,  on  her  way  from  the 
mountains  to  St.  Louis.  The  Poe  was  in  lier  second  year,  and  valued  at 
822,000.  She  was  soon  successfully  raised,  and  continued  on  her  trip  to 
St.  Louis. 

We  then  proceeded  on  down,  removing  snags  at  Hermann,  Washing- 
ton, South  Point,  Augusta,  Doziers,  St.  Charles,  and  Camp's  landing, 
arriving  at  the  mouth  and  finishing  our  work  in  Missouri  river  by  even- 
ing of  December  2,  18()7. 

My  log-book,  giWng  detail  of  each  day's  work  pexfoi:mvid,\v?L^\i^^\\ 
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placed,  for  reference,  iu  your  oflBce  in  Cincinnati.  It  will  be  seen  that 
numbers  of  drift  piles  of  logs,  lodged  near  the  channel,  and  likely  to 
become  dangerous,  were  burned ;  also  trees  were  cut  w^liere  the  channel 
ran  close  into  the  bank. 

I  was  well  pleased  with  the  working  of  the  Underwriter,  and  feel  satis- 
fied that  she  was  the  best  boat  that  could  have  been  obtained  for  the  pur- 
pose. I  am  confident,  however,  that  no  boat,  unless  si)ecially  constructed 
for  snagging,  can  accomplish  much  lasting  good. 

A(?tual  number  of  days'  work  performed  for  the  United  States  71,  at 
the  contract  price  of  $275  a  day,  costing  819,525. 

In  addition  to  which,  there  were  12  days  devoted  to  rescuing  sunken 
or  disabled  steamers,  alluded  to  in  my  rei)ort,  but  not  counted  as  part 
of  the  work  done  for  the  government.  The  value  of  property  saved 
in  these  efforts  to  aid  those  steamers  in  distress  amounts  to  $122,000. 

Number  of  snags  removed  from  the  channel  of  the  Missouri  river,  164. 

Respectfully  submitted. 

J.  F.  RICHARDSON. 

Colonel  J.  N.  Macomb, 
Corps  oj  Engineers  U.  i^.  A.j  in  cJiarge  of  Western  River  Improvements. 

This  extract  is  a  true  copy. 

J.  N.  MACOMB, 
Colonel  Engineers^  Bvt.  Lt.  CoL  U.  8.  A. 


K2. 

Office  Western  Rfver  Iiviprovements, 

Cincinnati  J  Ohioj  January  13,  1868. 

General  :  I  beg  leave  to  submit  herewith  the  report  of  Captain 
David  Hiner,  my  supervisor  of  the  contract  work  of  improving  the 
Arkansas  river;  and  in  doing  this  I  would  remark  that  Captain  Hiner 
is  one  of  the  oldest  and  most  experienced  of  the  pilots  on  these  western 
rivers,  and  one  among  those  who  rendered  valuable  and  distinguished 
services  in  the  Mississippi  squadron  during  the  rebellion. 

On  entering  the  Arkansas  from  the  Mississippi,  Captnin  Hiner  for- 
tunately availed  himself  of  the  opportunity  and  of  the  discretionary 
power  I  had  given  him,  and  did  most  important  and  acceptable  senice 
in  improving  the  White  river  cut-oft!,  the  water  being  so  low  in  the 
ui)per  river  at  the  time  that  but  little  useful  work  could  luive  been 
effected  there  even  if  he  had  at  once  pushed  on  up  the  river,  and,  as  it 
eventually  turned  out,  the  contract-steamer  Northwest  was  lost  in  the 
upper  waters,  so  that  this  "cut-ofiV  which  is  the  low- water  entnince  to 
the  Arkansas,  would  not  yet  have  been  improved  if  it  had  not  for- 
tunately been  done  as  above  named. 

The  low  stage  of  water  continuing,  greatly  curtailed  the  extent  of 
useful  operations  contemplated  in  the  upper  river ;  and  only  20  miles 
of  channel  above  Little  Rock  was  cleared  of  obstructions  prior  to  the 
15th  October  last.  Some  time  later  in  the  season,  a  slight  rise  occurring, 
the  boat  reached  a  point  some  30  miles  above  Little  Rock,  and  continued 
to  work  usefully  on  the  upper  waters  until  the  13th  December,  when  she 
was  unfortunately  sunk  by  striking  a  snag  in  a  deex>  bend  of  the  river 
where  she  was  about  to  land  for  work. 

The  work  which  has  been  done  there  seems  to  have  given  great  satis- 
faction to  those  interested  in  that  navigation,  and  leads  to  the  hope  that 
with  a  more  suitable  outfit  much  more  may  be  ettected.    It  will  be  seen, 
by  Captain  fliner's  report,  t\iat  \iot\mii^  \i\v\»  \iQ^\s.  drawing  the  very 
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minimum  can  be  ma<1e  generally  useful  in  the  irapro\ing  of  the  upper 
Arkansan,  the  importiiuce  of  which  improvement  he  makes  manifest. 

I  respectfully  recommend  that  the  plan  which  he  submits,  of  working 
two  scows,  and  a  small  steamer  with  requivsite  auxiliary  engines  and 
machinery,  be  adopted.  The  cost  of  building  these  and  working  them 
for  one  year  he  estiumtes  at  $43,420 ;  but  for  the  result  whicli  he  con- 
templated, of  nmking  a  clear  channel  of  thirty  inches  in  depth 
throughout  the  navigable  portion  of  the  river,  in  the  course  of  two  years' 
time,  I  should  consider  that  three  times  the  above  amount  would  be  an 
economical  expenditure. 

I  would  therefore  recommend  that  the  amount  of  $50,000  should  be 
considered  as  applicable  to  this  end,  for  building,  equipping,  manning, 
and  working  the  boats,  according  to  Captain  Hiner's  plan,  for  the  first 
year.  This  amount  will  be  readily  afforded,  if  not  from  the  existing 
ai>propriations,  certainly  from  those  asked  for  as  by  my  estimates  sub- 
mitted by  me  on  the  19th  September,  18G7. 

The  expense  of  continuing  the  work  proposed  to  be  begun  as  above 
will  be  nuide  the  subject  of  future  estiuiates,  if  not  deemed  to  be  em- 
braced in  my  estimates  for  the  fiscal  year  ending  30th  June,  1869,  above 
alluded  to. 

All  of  which  is  respectfully  submitted  by  your  most  obedient  servant, 

J.  K  MACOMB, 
Colonel  Engineers^  Bvt  Col.  U,  8.  A. 

Brevet  Major  General  A.  A.  Humphreys, 

Brig,  Gen.  ComcPp  Corps  Engineers  U.  S.  A.^ 

Headquarters^  Washington  D.  C. 


Cincinnati,  Ohio,  January  3, 18G8. 

Sir  :  In  completion  of  my  duties  as  government  inspector  on  the 
steamer  Northwest,  engaged  in  improvement  of  the  Arkansas  river,  I 
have  the  honor  to  report  as  follows,  viz : 

In  obedience  to  your  orders,  received  on  the  29th  of  August,  1867, 1 
proceeded  with  as  little  delay  as  possible  tx)  Memphis,  and  from  that 
city  to  White  River  cut-off,  where  I  boarded  the  steamer  Northwest 
on  the  7th  of  September. 

On  examination,  I  found  the  boat  and  machinery  as  specified  in  the 
contract  and  the  crew  efficient. 

I  commenced  operations  on  the  9th  in  White  River  cut-off*,  and  after 
seven  days'  work  thoroughly  cleared  that  troublesome  part  of  the  river 
of  dangerous  snags  and  sunken  logs. 

Although  my  instructions  did  not  contemplate  work  below  Little 
Rock,  I  felt  myself  justified  in  clearing  this  *' cut-off"  in  view  of  the 
disereti(mary  powers  granted  me  and  the  importance  of  the  work. 

This  cut-off,  five  miles  in  length,  is  the  low- water  entrance  to  the  Arkan- 
sas river, and  its  past  obstructed  condition  has  caused  many  disasters. 
It  is  now  perfectly  safe. 

On  the  IHth  we  left  the  "cut-off"  for  the  upper  Arkansas,  and  arrived 
at  Little  Rock  at  0  p.  m.  on  the  22d  September.  On  our  way  up  we  found 
the  river  very  low  and  falling  :  at  Triplett's  bar  we  found  but  2G  inches; 
at  Johnson's,  but  25  inches ;  and  at  Fouche's  bar  the  same.  At  each 
of  the  above-named  places  we  were  obliged  to  pull  over  with  hawsers, 
and  were  greatly'  delayed,  as  much  from  sickness  on  board  as  from  the 
actual  ditticulty  of  pulling  over  the  bars. 

xVt  one  time  on  the  trip  a  number  of  the  crew — the  captain,  pilot.^  en^l- 
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neer,  carpenter,  and  blacksmitb — were  so  unwell  as  to  be  of  but  little 
service. 

On  my  arrival  at  Little  Rock,  T  found  the  riv^er  lower  than  at  any  time 
since  tlu^  tall  of  1803.  Boats  from  above  reported  but  17  inches  on 
Smith's  bar,  20  miles  up,  and  but  13  inches  at  the  mouth  of  the  Dela- 
ware, 120  miles  above. 

The  Xorth west,  drawing  24  inches  lif^ht,  could  not  pass  Smith's  bar, 
and  in  consecpience  I  was  oblif»:ed  to  confine  operations  to  the  river  imme- 
diately above  Little  Rock,  trusting  to  a  rise  to  carry  me  further  up. 

The  water  I  found  very  cle^ir,  and  favorable  to  our  work. 

As  reported  on  the  15th  of  October,  I  had  up  to  that  time  cleared 
the  channel  of  ol)structions  for  a  distance  of  20  miles  above  Little 
Rock,  and,  being  unable  to  proceed  further,  returned  to  the  latter  place, 
and  laid  up  the  boat  to  await  a  rise  sufficient  to  carry  me  above  Smith's 
bar. 

There  being  no  immediate  prospect  of  a  rise,  I  availed  myself  of  your 
permission  to  take  a  short  leave  of  absence. 

On  my  return,  as  reported  November  28,  I  found  the  river  rising 
slowiy,  and  with  sufficient  water  in  the  channel  to  carry  me  to  Beaver 
Dam,  30  miles  above  Little  Rock.  I  accordingly  repaired  to  that  i)oiut, 
and  without  interruption  continued  to  work  until  December  13,  when 
the  Northwest,  while  making  a  landing  for  wood  in  Staidey's  bend, 
struck  a  snag  and  sunk,  thus  putting  an  end  to  operations. 

Up  to  the  time  of  sinking  our  steamer  1  Imd  thoroughly  cleared  the 
following  named  portions  of  the  river,  viz:  White  Oak  bayou.  Great 
House  bend,  mouth  of  Little  Mammell,  Richter's  bend,  mouth  of  Bi*? 
Mjimmell,  bar  below  Beaver  Dam,  Beaver  Dam,  Cling  Heifer  bend,  l)end 
above  Cling  Heifer,  bar  below  Stanley's  bend,  and  Stanley's  bend,  making 
in  all  about  40  miles. 

To  the  13th  of  December  we  had  made  6G  working  days,  including 
running  time,  and  17  days  for  which  half-pay  is  due  under  the  terras  of 
the  contract.  The  work  done  has  given  the  greatest  satisfaction  to  those 
interested  in  the  navigation  of  the  river,  and  has  not  only  removed 
obstrnctions,  but  has  also  deepened  the  channel  at  many  shallow  places. 

In  addition  to  pulling  snags  I  burnt  many  drift-piles,  which  would 
otherwise  have  furnished  fresh  obstructions  on  each  rise  in  the  river. 
With  the  Northwest  I  lost  my  journal,  and  in  consequence  cannot  give 
the  number  of  snags  removed. 

The  river  bed  is  sand,  easily  shifted,  and  when  aided  by  the  presence 
of  snags  and  logs  qnickly  forms  bars  across  the  channel.  Where  many 
snags  have  accumulated  at  one  point  in  the  stream,  these  bars  have 
sufficient  stability  to  resist  the  cutting  action  of  the  current,  and  to 
spread  the  water  over  the  whole  bed  of  the  river,  completely  bhx'king 
the  way  for  boats  drawing  more  than  one  foot.  By  selecting  that  por- 
tion of  the  bed  at  these  points  where  the  channel  would  naturally  be 
thrown,  and  there  removing  the  snags,  a  channel  giving  30  inches  the 
year  round  may  be  made  good  to  a  distance  of  200  miles  above  Fort 
Smith. 

But  few  new  snags  are  deposited  each  year  in  the  river  bed.  The 
channel  once  well  cleared  will  require  but  little  after  attention.  The 
country  along  the  river  is  thickly  settled,  and  the  finest  cotton -growing 
section  of  the  southwest.  Coal  is  abundant  in  the  upper  country,  and 
pine  of  the  best  quality. 

Although  impoverished  by  the  rebellion,  the  people  of  this  valley  are 

gradually  re-establishing  themselves,  and  it  will  not  be  many  years 

before  the  trade  of  the  Arkvinsas  basin  will  become  of  great  and  growing 

importance.    As  the  river  is  t\\<i  o\\\y  owXXftX  tot  \k\^  txtaide.^  and  will  so 
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remain  for  years  to  come,  its  thorough  improvement  is  extremely  desira- 
ble, not  only  as  a  matter  of  moment  to  the  local  interests  involved,  but 
a^  a  matter  of  national  importance. 

Several  government  posts  receive  their  supplies  by  way  of  the  Arkan- 
sas, among  them  those  at  Little  liock,  Fort  Smith,  Fort  Gibson,  and 
Foit  Arbuckle.  During  the  low-water  season  this  past  fall  these  sup- 
lilies  were  sent  semi-weekly  by  wagon- trains  from  Little  Kock,  at  an 
ex[>ense  of  from  $3  U)  $5  per  hundred — double  the  rates  of  river  trans- 
lK)rtation  when  available. 

Not  knowing  the  tonnage  of  government  freight  dependent  on  this 
route,  it  will  be  impossible  to  give  in  figures  the  economy  resulting 
from  proposed  improvement ;  but  I  believe  that  in  a  few  years  the  gov- 
ernment will  be  repaid,  by  the  reduction  of  its  freights  alone,  for  all  the 
expenditure  necessary  to  make  the  Arkansas  navigable  as  far  up  as 
possible. 

Since  the  Arkansas  very  seldom  freezes  over,  we  may  safely  calculate 
on  being  able  to  work  during  the  whole  year,  provided  boats  adapted  to 
very  low  water  be  used. 

The  steamer  Northwest,  as  experience  has  proved,  although  only 
drawing  24  inches,  was  of  too  great  draught,  as  are  all  the  boats  on 
the  western  waters.  Economic  improvement  in  the  future  demands 
boats  specially  built  for  the  service. 

In  this  connection  my  experience  leads  me  to  propose  the  following 
for  your  consideration,  viz: 

That  two  scows  be  built  of  the  following  dimensions:  length  85  feet, 
beam  18  feet,  hold  30  inches,  draught  six  inches ;  to  be  strongly  decked 
over  and  lashed  together  with  oak  coniiecting-beams,  so  as  to  leave  a 
space  of  10  feet  between  hulls ;  to  be  provided  with  movable  shears,  so 
arranged  as  to  work  either  between  or  outside  of  the  scows.  Each  scow 
to  have  either  at  bow  or  stern  a  good  cai)8tan,  worked  by  a  nigger- engine. 
To  be  also  provided  with  crabs  and  all  the  necessary  implements  for 
raising  snags  and  cutting  them  to  pieces.  These  two  scows  thus  lashed 
together  to  be  maneuvered  by  a  small  steamboat  with  but  sufiicient 
power  to  stem  the  current  with  its  tow,  and  drawing  but  10  or  12  inches. 
(Similar  boats  are  now  running  successfully  on  the  upper  Arkansas.) 
The  whole  outfit  included  probably  not  costing  more  than  $25,000. 
Accompanying  this  report  I  send  plan  of  boats  suggested.  [For  dia- 
gram see  original.] 

I  would  also  recommend  the  following  crew,  by  experience  approved 
as  sufficient,  viz:  One  captain,  one  mate,  one  pilot,  one  engineer  and 
striker,  one  cook,  one  chambermaid,  and  eight  roustabouts. 

I  estimate  the  expense  of  the  proposed  boat  and  crew  as  follows,  viz : 

One  captain  for  one  month $200  00 

One  pilot  for  one  month 150  00 

One  mate  for  one  month 100  00 

One  engineer  and  striker  for  one  month 125  00 

One  cook  for  one  month 30  00 

One  chambermaid  for  one  month 30  00 

Eight  roustabouts,  $1  per  day  each 240  00 

Wood,  three  cords  per  day,  $4  per  cord 3G0  00 

Provisions,  $10  a  day 300  00 

Total  one  month 1, 535  00 

Total  one  year 18, 420  00 
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With  one  boat  of  this  kind  I  can  clear  the  Arkansas  in  two  years  and 
make  a  channel-depth  of  30  inches  throughout  its  navigable  length. 

The  amount  paid  the  steamer  Northwest  for  83  days  is  $11,920, 
which,  compared  with  the  estimate  made  above,  will  show  the  advantage 
government  will  derive  from  buihling  and  working  its  own  boats. 

1  propose  working  the  boats  above  recommeiuled  in  the  same  manner 
as  the  double-hulled  snag-boats  now  buildiiig,  viz:  by  running  over  the 
snags  and  lifting  the  latter  on  board,  where  the}'  may  be  cut  up  and  set 
adrift  or  carried  on  shore. 

In  conclusion,  I  have  the  honor  to  be,  very  respectfully,  your  obedient 
servant, 

BAYID  HIXER. 

Col.  John  N.  Macomb, 

6Vr/w  of  Engineers  U.  8.  -4.,  in  charge  of 

Western  Biver  Improvements. 


K3. 

Cincinnati,  Ohio,  March  9, 1868. 

Colonel  :  I  have  the  honor  to  submit  the  following  report  of  my 
labors  and  operations  with  the  United  States  wrecking  steamer  Gen- 
eral J.  G.  Totten,  wrecking  and  snagging  in  the  Mississippi  river, 
coni prising  a  period  from  June  7  to  December  IG,  18G7.  At  short 
intervals  during  the  above  time  subrei)orts  in  full  detail  were  sub- 
mitted, and  you  were  kept  advised  of  my  progress  and  plan  of  work. 

On  Friday,  June  7,  18G7,  I  left  Cincinnati  with  orders  to  proceed  to 
remove  the  wrecks  of  the  White  Cloud  and  Belle  of  Memphis,  sunk 
in  the  Mississippi  river,  near  St.  Louis,  Missouri. 

On  the  12th  of  June  I  commenced  operations  upon  these  wrecks. 
These  wrecks  laid  in  the  channel,  one  mile  below  St.  Louis,  and  a  short 
distance  from  the  right  bank. 

The  river  was  at  a  very  high  stage,  and  rendered  it  difficult  to  work 
at  any  advantage ;  nevertheless  I  exploded  four  torpedoes  containing 
250  pounds  of  powder,  which  scattered  parts  of  the  wiecks  in  all  direc- 
tions and  showed  that  blowing  out  wrecks  with  j)owder  was  a  perfect 
success. 

AVhile  I  was  at  work  upon  these  wrecks  I  rendered  valuable  assist- 
ance to  the  steamer  Governor  Sharkey,  which  sunk  within  a  few  hun- 
dred yards  of  our  boat,  caused  by  being  overloaded.  ^ 

Finding  that  it  was  useless  to  work  upon  these  wrecks  at  so  higli 
stage  of  water,  I  left  St.  Louis  on  2r>th  of  June,  for  Memphis,  Tennes- 
see, to  work  upon  the  wreck  Jeff.  Thompson.  This  wreck  was  a  rehel 
ironclad  gunboat,  and  laid  six  miles  below  Memphis,  80  yards  from 
the  right  bank,  and  making  a  dangerous  obstruction  to  navigation.  I 
was  at  work  upon  this  wreck  two  weeks,  exploding  torpedoes  in  and 
about  it,  and  removing  large  quantities  of  timber,  &c. 

On  10th  July  my  divers  and  julots  examined  this  wreck,  and  rejiorted 
that  there  was  nothing  remaining  to  obstruct  navigation  in  low  water, 
and  1  commenced  search  tor  the  wrecks  Platte  Valley  and  Beauregard, 
sunk  near  here,  but  m  as  unsuccessful  in  finding  thent.  The  mayor  and 
aldenneu  of  the  city  of  Memphis  called  upon  me  to  remove  the  wreck 
ot  the  St.  Louis,  lying  at  the  levee. 
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On  tlie  12tli  July  I  commenced  work  upon  the  wreck,  and  on  the  19th 
July  I  had  ef[*e<*tuailly  removed  it. 

The  same  day  I  left  Memphis  for  Cairo,  Illinois,  and  arrived  there  the 
22cl  with  much  sickness  on  board,  and  proceeded  to  the  wreck  of  the 
J.  li.  Gilmore,  which  laid  one  mile  below  Mound  City,  Illinois. 

On  the  20th  of  July  I  had  removed  this  wreck,  and  on  the  27th  I 
procieeded  to  St.  Louis,  Missouri,  for  the  purpose  of  procuring  powder 
and  tools,  which  having  been  received,  I  returned  to  Cairo  to  remove 
some  logs  lying  in  the  channel  of  the  river  and  dangerous  to  naviga- 
tion. 1  had  hardly  anchored  the  boat  at  this  obstruction  when  the 
cholera  broke  out  on  board,  and  my  2d  engineer,  Mr.  Abram  Lappin, 
died  with  the  disease.  I  was  then  taken  sick,  the  crew  was  discharged, 
and  the  boat  was  laid  up  until  the  13th  of  August,  when  I  received 
orders  from  you  to  proceed  to  the  wreck  of  the  Northern  Light,  and 
anived  there  the  2Gth,  and  commenced  operations  upon  this  wreck.  I 
was  very  successful  with  the  work  here,  and  on  the  10th  September  I 
had  fully  removed  this  wreck  from  the  clianiiel. 

On  8eptend)er  11  I  proceeded  to  Keokuk,  Iowa,  and  arrived  there 
the  17th.  I  had  difficulty  in  passing  over  the  lower  rap.ds,  and  was 
obliged  to  hire  a  barge  to  take  our  tools,  &c. 

On  the  2()th  of  September  1  commenced  to  remove  obstructions  in  the 
river  between  Keokuk  and  Quincy,  Illinois.  Near  Keokuk  I  removed 
two  large  snags,  and  at  Alexandria,  Missouri,  two  large  snags.  Four 
miles  below  Alexandria  1  examined  the  wreck  of  the  Dominion,  and 
found  it  not  dangerous  to  navigation.  At  Gregor's  landing  one  large 
snag  and  several  small  ones.  At  Dodd's  landing  I  took  out  three  large 
snags,  and  at  Pi-ice's  landing  one  large  snag.  At  Quincy,  Illinois,  I 
received  an  oixler  from  you  to  proceed  to  St.  Louis,  Missouri,  to  work 
ui>on  the  wrecks  White  Cloud  and  Belle  of  Memphis. 

Between  Keokuk  and  Quincy  I  had  removed  every  obstruction  that 
was  dangerous  to  navigation,  except  one  large  rock,  and  I  should  have 
removed  that  had  I  not  received  your  order  to  proceed  to  St.  Louis. 

On  the  2(>th  of  September  I  arrived  at  the  wrecks  Belle  of  Memphis 
and  White  Cloud,  and  commenced  work.  Upon  examination  again  of 
these  wrecks  I  found  that  there  were  four  wrecks. 

During  the  remainder  of  this  month  (September)  and  until  October 
30  I  was  employed  at  these  wrecks,  removing  all  the  debris  I  could. 
There  was  not  sufficient  power  in  the  boat  to  remove  everything. 

October  30  I  left  St.  Louis  for  Hat  island,  near  Wittenberg,  Mis- 
souri. At  this  island  I  renu)ved  live  large  snags;  rendered  assistance  to 
the  steamers  Victory  and  Julia,  agiound. 

At  Wittenberg,  Missouri,  I  removed  four  large  snags.  I  proceeded 
from  here  to  Alton,  Illinois,  to  remove  the  wreck  of  the  Eesolute.  I 
arrived  there  the  13th  of  November  and  commenced  upon  this  wreck. 
On  the  10th  of  November  1  had  removed  this  wreck  from  the  channel 
and  [)roceeded  to  the  wrec'k  of  a  coal  barge  near  Grafton,  Illinois.  I 
commenced  work  upon  this  wreck  the  22d,  and  removed  it. 

On  the  25th  1  arrived  at  the  wreck  of  the  Baltimore,  nine  miles  above 
St.  Louis.  I  removed  the  shafts  and  snags  about  this  wreck,  but  did 
not  think  it  advisable  to  work  here,  as  the  wreck  wa«  in  a  very  shoal 
place. 

On  26th  November  I  proceeded  to  the  wreck  York  State,  at  Madison 
landing,  Illinois.  Cold  weather  and  snow  prevented  me  from  doing 
much  here,  and  I  only  removed  one  shaft.  From  here  I  went  to  St. 
Louis,  discharged  the  crew,  and  had  the  boat  docked  and  repaired. 
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December  13  I  left  St.  Louis  for  Memphis,  Tennessee.  At  Saline 
island,  near  St.  Mary's,  Missouri,  I  was  aground  10  hours. 

On  the  lOth  of  Dc^ceniber,  seven  miles  below  Chester,  Illinois,  the 
boat  struck  a  snag  and  sunk.  I  did  all  I  could  to  save  her,  but  was 
unsuccessful. 

I  found  at  all  wrecks  that  I  labored  under  great  disadvantage,  on 
aecount  of  the  insufficient  strength  of  the  boat,  and  the  want  of  a 
barge.  In  blowing  a  wreck  to  pieces  a  great  deal  of  the  dt^bris  is  t^x) 
heavy  to  float,  and  a  barge  to  place  this  debris  upon  saves  a  great  deal 
of  labor  and  time. 

Had  the  boat  been  of  sufficient  strength,  there  were  many  pieces  of 
machinery  that  could  have  been  remov^ed  from  wrecks  and  sold,  and 
lessened  the  expenses  of  the  boat  one-half.  At  the  wreck  of  the 
Northern  Light  I  could  have  taken  out  all  of  the  machinery  in  good 
order  had  the  boat  been  strong  enough.  With  two  16-inch  Lattie  pum])S 
I  think  I  could  have  raised  the  whole  wreck,  and  when  raised  it  would 
have  been  worth  $30,000. 

In  removing  snags  and  sunken  logs  I  found  powder  was  a  great  sav- 
ing of  labor  and  time.  Some  of  the  snags  that  I  removed  were  so 
firmly  imbedded  in  the  mud  that  it  was  impossible  to  remove  them  with- 
out the  use  of  powder. 

With  what  experience  I  have  had  in  wrecking,  I  think  that  pumps 
can  be  used  t^i  a  great  advantage  in  raising  wrecks  and  w  ashing  or 
dredging  out  a  channel  through  sand-bars,  which  I  explained  to  the 
board  of  engineers  at  Pittsburg.  A  boat  of  the  kind  I  pre.sented 
before  the  board  of  engineers  can  run  in  any  river  that  is  navigable, 
and  will  not  draw  over  24  inches  of  water.  It  can  be  made  for  dredg- 
ing, snagging,  and  wrecking,  and  the  cost  will  not  exceed  $05,000. 

If  the  engineer  department  should  not  deem  it  advisable  to  build  a 
boat  of  this  kind,  I  would  recommend  that  the  cranes,  diving  apparatus, 
&c.,  saved  from  the  steamer  Totten,  be  placed  upon  the  boat  at  New 
Albany,  which  can  be  done  without  much  incumbrance  to  the  boat, 
and  the  exj)ense  would  not  exceed  $5,000.  The  boat  then  could  be 
used  at  wrecking  as  well  as  snagging,  and  could  remove  any  obstruc- 
tion that  it  came  in  contact  with. 

I  remain,  very  respectfully,  your  obedient  servant, 

G.  E.  PEIRCE, 
U,  8.  Assistant  Engineer  and  Master  in  charge  of  the 

U.  S.  Steamer  General  J.  G.  Totteih 

Colonel  J.  N.  Macomb, 

Corps  of  UngineerSj  Cincinnati^  Ohio. 


K  4. 

Cincinnati,  Marcli  27, 18GS. 

Sir  :  I  have  the  pleasure  to  report  that  the  double-hulled  snag-boat 
Colonel  J.  J.  Abeit  has  been  inspected  and  accepted  as  completed,  and 
I  recommend  that  the  contractor  be  released  The  long  and  unusual 
delay  in  the  construction  of  this  vessel  demands  a  palliative  that  will 
relieve  the  detention.  The  extreme  low  water  of  1867  in  the  Ohio  river 
prevented  the  launching  of  this  boat  until  the  18th  of  December  of  that 
year,  fnlly  three  months  later  than  the  contractor  agreed  to  have  her  in 
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the  water.  This  unavoidable  delay  and  tlie  continuous  inclement  wea- 
ther of  January  and  February  further  impeded  the  erection  of  machinery', 
joiner-work,  and  painting,  and  caused  all  these  various  contracts  to  be 
unavoidable  as  to  specified  completion.  The  hulls  are  fully  up  to  the 
contract  in  excellence  of  material  and  workmanship,  and  the  deviations 
made  from  the  si>ecifications  have  all  been  favorable  to  the  goverii'ment 
and  beneficial  to  the  boat.  The  machinery  has  been  executed  in  com- 
pliance with  the  specitications  as  to  dimensions  given,  and  the  contractor 
has  at  all  times  shown  a  willingness  to  have  the  work  done  in  his  usual 
stvle  of  excellence.  The  cabin  and  joiner  work  is  one  ot  the  best  exe- 
cuted  pieces  of  work  in  the  line  of  steamboat  wood- work  that  have  come 
under  my  notice.  Painting  is  well  done,  and  the  materials  used  come 
fully  up  to  the  specitications.  Furnishing  is  fully  up  to  the  standard  of 
first-class  steamboats.  Beds  and  bedding  arc  excellent,  and  the  tin- 
w'are,  pumps,  and  stove  arrangements  are  of  a  superior  order  of  work. 
"  Miscellaneous,"  consisting  of  hand  and  steam  fire-pumps,  axes,  saws, 
buckets,  hose,  and  tools  of  various  kinds,  are  fully  up  to  specifications. 
The  distribution  of  machinery  on  this  boat  is  complete,  and  the  trim  of 
hulls,  attested  by  the  draught  of  water,  substantially  shows  there  can- 
not be  any  improvement  of  this  desired  aim. 

Steam  was  raised  on  March  7,  and  the  machinery  partially  tested  to 
trace  defw.ts  that  ordinarily  exist  in  all  our  new  steam  machinery.  The 
trial  was  satisfactory,  and  immediate  preparations  were  made  to  get  the 
boat  off  at  the  earliest  opportunity.  The  finishing  of  cabins,  outfit  for 
same,  and  the  various  recpiired  appliances,  were  not  fully  completed 
until  the  2(>th  of  March.  On  Monday,  the  23d,  the  officers  and  crew 
were  assembled,  steam  was  raised,  and  the  Abert  started  for  her  field  of 
practical  work  at  2.30  p.  m.  The  boilers  generated  steam  freely  and 
supplied  the  cylinders  continually  with  a  pressure  of  100  pounds  to  the 
square  inch,  and  will  increase  this  pressure,  after  a  few  days,  with  an 
economic  use  of  fuel.  The  machinery  performed  admirably,  and  the 
speed  of  the  boat  is  fully  up  to  all  expectations.  The  work,  as  a  whole, 
in  its  execution  is  creditable  to  the  me(;hanics  engaged.  Regarding  the 
adaptability  of  this  boat  for  the  purpose  of  removing  snags  with  rapidity 
and  economy,  I  feel  justified  in  stating  that  I  cannot,  at  present,  offer 
any  suggestions  for  imi)rovements.  The  practical  working  of  the  boat 
may  show  defects  of  detail,  but  cannot  affect  the  general  appliance. 

The  S.  H.  Long,  finishing  at  Madison,  Indiana,  is  progressing  at  a 
snail's  pace,  and  I  fear  difficulties  are  increasing  that  may  prevent  her 
getting  below  the  falls  on  this  rise  of  water.  The  E.  E.  De  Kussy 
will  be  comj)leted  by  the  15th  of  April.  The  contractors  show  a  dispo- 
sition to  fully  comply  with  their  contracts,  which  is  refreshing  when 
compared  with  the  parties  at  Madison. 

E.  M.  SHIELD, 
Assistant  in  charge  of  Construction  of  Boats  and  Machinery 

for  United  States  Western  River  Improvements, 
Colonel  John  N.  Magomb, 

Corps  of  Engineers  U.  JS.  A.,  in  cJiarge  of  Western  River  Improvements. 

A  true  copy : 

J.  N.  MACOMB, 
Colonel  of  Engineers^  Brevet  Colonel  U.  IS.  A. 
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Ko. 

Monthly  report  of  Colonel  J.  K  Macomh^  corps  of  engineersi^  brevet  coloul 
United  t^taten  army^  superintendent  of  (lorernment  snag-boats^  in  charge  of 
icestern  ricer  improvements j  d'c.jfor  April j  18G8. 

Office  of  Western  Riat:r  Improve^tents, 

Cincinnati^  Ohio^  April  13, 186S. 

General:  I  beg  leave  to  submit  herewith  copies  of  reports  tome 
from  my  assistants,  as  follows: 

1.  Monthly  report  of  Major  C.  W.  Howell,  corps  of  engineers,  for 
April,  18G8. 

2.  Final  report  on  the  construction  of  the  three  double-hnlled  snag- 
boats,  by  Mr.  E.  M.  Shield. 

3.  Rei)oit  of  Mr.  C.  E.  Peirce,  touching  the  condition  of  certain  wrecks 
in  the  Mississippi  river,  at  and  in  the  vicinity  of  Memphis,  Tennessee. 

In  the  early  part  of  tlie  month  I  was  engaged  in  the  usual  office  dutu'* 
here,  particularly  with  the  quarterly  papers  for  the  first  quarter,  LSOS. 
From  the  13th  to  the  17th  of  April  1  made  the  inspection  of  the  con- 
tract work  of  the  government  snag-boats  Colonel  S.  H.  Long,  at  Mad 
ison,  Indiana,  and   General  R.  E.  De  Russy,  at   Portland,  Kentucky. 
On  Wednesday,  the  22d,  the  Long   left  Madison,  Indiana,  ami  pro- 
ceeded down  the  Ohio,  with  orders  for  commencing  work  in  the  Arkan 
sas  river.     On  Saturday,  the  25th,  her  crew  removed  a  snag  from  the 
channel  of  the  Ohio  river  at  the  head  of  Wabash  island.     Our  attention 
was  called  to  this  obstacle  on  the  evening  of  the  boat's  departing  from 
Portland,  Kentucky,  and  the  captain  of  the   Long  was  directed  to 
make  his  coup  (Vessai  upon  this  snag,  which  proved  to  be  a  monster  and 
a  serious  danger  to  upward  bound  steamer.<     It  was  removed  and 
destroyed  in  a  reasonable  length  of  time,  and  the  snag-boat  procaMledoQ 
her  way  and  entered  the  Arkansas  river  via  the  White  river  cut-off,  and 
arrived  at  the  Post  of  Arkansas  at  five  o'clock  p.  m.  on  30th  Ai)ril,  18<5S, 

My  instructions  to  the  captain  are  to  do  what  work  in  the  Arkansas 
he  may  find  it  possible  to  do,  and  to  withdraw  from  there  whenever  the 
water  may  become  too  low  for  his  boat  to  work  there  in  safety.  H« 
will  then  return  to  the  Mississippi  and  work  towards  Memphis  until 
further  orders. 

On  the  1st  of  April  I  sent  Mr.  C.  C.  Pierce,  assistant  engineer,  to  the 
Arkansas  river  to  inform  himself  of  the  nature  and  extent  of  the  dangers 
to  the  navigation  there  and  at  the  wrecks  near  Memphis,  where  be  bad 
worked  last  year,  and  instructed  him  to  report  to  me  as  soon  as|H).ssi- 
ble  upon  these  points,  and  particularly  as  to  the  distance  up  the  Arkan- 
sas it  would  be  safe  to  sen(l  one  of  the  double-hulled  snag-boats.  On 
this  latter  point  I  am  informed  by  him,  under  date  of  13th  April,  tbatit 
is  deemed  safe  to  work  one  of  these  boats  in  that  part  of  the  river  below 
Douglass  landing,  at  which  place  much  work  is  needed.  It  is  on  this 
information  that  the  orders  to  the  Long  are  predicated.  Douglass 
landing  is  some  ninety  miles  from  the  mouth  of  the  Arkansas. 

On  the  29th  I  went  to  New  Albany,  Indiana,  to  see  to  the  aminging 
of  the  accounts  of  the  United  States  snag-boat  R.  E.  De  Russy,  prioi 
to  sending  her  to  the  Missouri  river,  for  which  point  she  started  on  th« 
30th  of  A[)ril,  from  the  wharf  at  Portland,  Kentucky,  where  she  ha^ 
been  finished.  My  absence  from  here  on  the  above  named  duty,  audoi 
that  of  inspecting  the  J.  J.  Abert,  (to  be  reported  upon  after*^  the  en( 
of  the  present  month,)  will  explain  the  delay  in  rendering  this  niontbl] 
repoit,  for  which  my  letter  of  the  9th  instant,  from  St.  Louis,  will  bav 
prepared  you. 
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I  would  respectfully  refer  you  to  the  accompanying  report  of  Mr.  E. 
M.  Shield,  herewith  submitted,  e8))ecially  to  his  remarks  upon  the  great 
difficulty  involved  in  the  plan  of  getting  mechanical  work  done  under 
the  existing  system  of  advertising  and  contracting  with  lowest  bidders. 
As  Mr.  Shields  has  had  a  lifelong  experience  in  the  operations  of  prac- 
tical mechanics,  and  is  an  expert  in  all  matters  relating  thereto,  1  attach 
the  utmost  importance  to  his  opinions  on  this  subject,  and  I  wish  to 
express  my  hearty  concurrence  in  his  views  after  a  careful  study  of  the 
matter  during  the  last  18  months.  And  I  feel  it  a  duty  to  record 
officially  my  sincere  thaid<:s  to  him  for  the  very  thorough  manner  in 
which  he  has  caused  the  work  of  constructing  the  snag-boats  and 
machinery  to  be  done.  To  his  intelligence,  industry,  and  watchful  care 
for  the  interests  of  the  government,  we  are  indebted  for  a  renmrkably 
successful  result. 

All  of  which  is  respectfully  submitted  by  your  most  obedient,  humble 
servant, 

J.  N.  MACOMB,  Colonel  Engineers^ 
Brevet  Colonel  U,  S.  A.,  Superintendent  Snag-Boats^ 

and  in  charge  of  Western  River  Improvements j  (be. 

Brevet  Major  General  A.  A.  Humphreys, 

Chie/  of  Engineers^  United  States  Army^ 

Headquarters  of  Engineers^  Washington  y  D.  C 


K  6. 

Office  Western  River  Iiviprove:ments, 

Cincinnati  J  Ohio,  May  3,  18G8. 

SrR:  I  have  the  honor  to  report  during  the  month  of  April  the  fol- 
lowing duties  performed  by  myself,  viz :  Sketches  of  the  ^lissomi  river 
finished  and  forwarded  to  the  engineer  department  in  Washington ; 
surveying  party  organized  to  accomptiny  the  snag-boat  De  linssy,  and 
now  waiting  answer  to  requisition  for  instruments ;  the  usual  office  duty. 

The  surveying  party  to  accomi)any  the  De  Russy  I  have  placed 
under  the  direction  of  Mr.  G.  B.  Nicholson,  civil  engineer. 

It  is  intended  to  make  an  accurate  topographic  and  hydrographic  sur- 
vey of  those  portions  of  the  Missouri  river  from  which  obstructions  are 
remov^ed,  and  to  collect  all  the  information  at  command  concerning 
local  changes  and  characteristics.  In  addition,  a  meteorological  record 
will  be  kept  by  the  party. 

Mr.  Nicholson  and  party  will  start  from  this  point  on  the  receipt  of 
the  necessary  instruments. 

I  have  the  honor  to  be,  very  respectfully,  your  ob't.  servt., 

C.  W.  HOWELL, 
Captain  of  Engineers j  Brevet  Major  U,  S.  A. 

Colonel  John  N.  Macomb, 

Corps  of  Engineers^  United  States  Army, 


Cincinnati,  Ohioj  May  13, 1808. 

Sir  :  I  beg  leave  to  report  the  two  double-hulled  snag-boats  S.  H. 
Long  and  R.  E.  De  Russy,  built  under  your  supervision,  as  completed 
and  placed  in  commission. 

The  S.  H.  Long,  fully  officered  and  manned,  having  90  days'  pro- 
visions on  board,  left  Madison,  Indiana,  April  22,  bound  ioT  ^\\^  XxWi- 
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sas  river,  as  per  your  order  issued  April  21.  I  deemed  it  worthy  of 
trial  to  reduce  tlie  number  of  men  on  board  of  the  S.  H.  Long  as  fol- 
lows :  one  steersman  and  two  deck  hands.  If  the  number  S4>  reduced 
on  this  boat  proves  to  be  sufficient  for  the  service,  a  similar  change  may 
be  made  on  the  other  boats,  which  will  reduce  the  Avorking  expenses  on 
the  three  boats  $500  per  month. 

The  11.  E.  De  Russy  left  Portland,  Kentucky,  April  30,  as  per 
your  order  of  the  29th,  fully  officered  and  provisioned.  I  accompanied 
the  De  liussy  i'rom  Portland,  Kentucky,  to  St.  Ix)uis,  Missouri.  Her 
machinery  worked  well,  and  her  speed  much  faster  than  was  anticipated. 
The  ofhcers  and  crew  lilled  the  various  positions  assigned  with  ability 
equal  to  any  employed  on  western  steamers.  The  officers  of  the  three 
boats  recommended  for  your  approval  and  appointment  have  been 
selected  with  due  care  for  the  service  to  be  performed.  The  stagnation 
of  the  western  boating  interest  has  thrown  a  larger  number  of  men  oat 
of  employment  than  has  been  idle  since  the  first  year  of  the  war ;  and  it 
has  been  ^i  delicate  and  difficult  task  to  make  selections  from  so  large  a 
number  of  applicants  without  giving  offense  to  those  not  employed. 
Selections  of  both  officers  and  men  have  been  made  at  the  points  the 
boats  were  built,  viz:  Cincinnati,  Madison,  Indiana,  Louisville,  Ken- 
tucky, Portland,  Kentucky,  and  Xew  Albany',  Indiana. 

My  report  of  March  27  on  the  completion  of  the  J.  J.  Abert,  as  to 
the  mechani(!al  execution  of  the  work  by  the  contractors,  will,  with  a 
few  trifling  exceptions,  apjdy  to  the  S.  H.  Long  and  R.  E.  De  Kussy. 
1,  however,  deem  it  of  sufficient  importance  to  embody  in  this  repoit  the 
faithful  and  liberal  manner  in  which  Dennis  Long,  the  builder  of  the 
machinery  ere(;ted  on  the  De  liussy,  has  executed  the  contract 
awarded  to  him,  and  1  cheerfully  recommend  Mr.  Long  to  your  special 
ap[)roval  and  favorable  notice  in  any  future  contracts  for  machinery 
you  may  have  to  dispose  of. 

I  desire  to  call  your  attention  to  the  system  of  awarding  contracts  to 
the  lowest  bidder.  The  experience  gained  in  building  these  boats  proves 
how  fallacious  the  system  is,  when  practically  demonstrated  in  the  exe- 
cution of  mechanical  work  of  the  character  of  which  boats  and  machin- 
ery i)artake.  Xo  samples,  save  the  reputation  of  the  builder,  can  be 
furnished  ;  and  it  is  impossible,  no  matter  how  closely  or  clearly  speci- 
fications may  be  drawn,  or  how  well  guarded  by  insj)ection,  the  inferior 
mechanic  will  evade  the  proper  execution  of  the  work. 

The  competition  in  all  the  me(;hunical  branches  pertaining  to  boat- 
building are  so  extensive  in  the  west,  that  at  all  prominent  cities  bor- 
dering on  the  rivers  selections  can  always  be  made  of  the  best,  and  in 
numbers  sufficient  to  insure  fair  bids  and  an  e(piivalent  return  of  the 
moneys  expended. 

This  being  my  final  report  on  the  construction  of  these  snag-boats,  it 
affords  me  pleasure  to  expi-ess  my  warmest  thanks  to  you  for  the  kind- 
ness and  confidence  you  have  at  all  times  shown  me. 

E.  M.  SHIELD, 
Assistant  in  charge  of  Constnwtion  of  Boats  and  Machinery 

for  United  iStates  Western  River  Improvements, 

Colonel  John  !N^.  Macomb, 

Corjys  of  Engineers^  United  States  Army^ 

In  charge  of  Western  River  Improvements, 

A  true  copv: 

J.  K  MACOMB, 

Colonel  Engineers^  Brevet  Colonel  U.  S,  Army, 
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K  7. 

Memphis,  Tenn.,  April  10,  1808. 

Sir  :  I  have  the  honor  to  report  my  arrival  at  this  place  on  the  8th 
instant,  at  12  noon,  and  immediately  commenced  getting*  information  in 
regard  to  the  wi^ecks  spoken  of  in  my  letter  of  instructions. 

1  called  on  a  number  of  gentlemen,  also,  on  the  wharf-boat  Ham- 
stead  &  Co.,  and  learned  from  one  of  the  clerks,  (Mr.  Chamberlin,) 
whose  place  of  business  is  Avithin  100  feet  of  the ,  old  wharf-boat 
which  was  blown  out  by  the  United  States  steamer  Totten,  who  says 
there  is  nothing  remaining  in  the  way  excei)t  a  part  of  her  bottom,  and 
some  ])ieces  which  were  blown  loose  and  would  not  float  away,  and  is 
not  dangerous.  I  also  obtained  the  same  information  from  a  steamboat 
agent,  Mr.  T.  11,  Kirnaw,  whose  business  is  on  the  wharf,  in  regard  to 
that  portion  which  is  left.  1  always  knew  it,  and  told  the  mayor  of  th^ 
city  at  the  time,  that  it  wa>s  impossible  to  remove  it  then,  as  her  side 
had  been  torn  away  and  was  covered  with  mud; 'and  he  said  he  did 
not  care,  for  he  could  remove  that  when  the  water  was  low,  and  that  he 
would  do  it ;  but  he  has  failed  to  do  so. 

In  regard  to  the  wreck  of  the  Jeft'.  Thompson,  I  also  made  inquiry, 
the  water  being  so  high  that  it  was  impossible  to  make  a  personal  exam- 
ination. There  seems  to  be  a  difterence  of  opinion  among  the  [)ilots 
here.  Some  say  they  think  the  "  hoop-pole  boat''  struck  it,  and  others 
do  not.  Mr.  Hiram  McNeely,  who  is  master  of  a  tug-boat  and  a  pilot, 
and  whose  business  calls  him  in  that  direction  during  all  seasons  of  the 
year  to  sound  for  other  boats,  says  that  he  saw  the  i)iece  which  it  did 
strike,  and  it  was  blown  from  the  wreck,  but  could  not  float,  or  was 
held  fast  by  an  iron  rod  or  hog-chain  ;  also  that  the  wreck  was  blown 
in  all  directions,  and  is  dangerous  when  the  water  is  low.  There  are  25 
feet  of  water  on  the  wreck  now.  The  boats  have  to  pass  within  50  feet 
of  it  at  nine-foot  stage,  which  makes  it  bad  on  account  of  the  changes 
in  the  channel,  and  then  it  is  that  it  is  considered  dangerous,  but  it  is 
not  one- half  so  dangerous  as  before. 

Tlie  wreck  of  the  Platte  Yalley  is  now  very  much  in  the  way,  a 
great  deal  more  so  than  the  Jeff.  Thompson  ;  and  also  the  wreck  of 
the  Beauregard,  which  is  very  much  in  the  way  and  should  be  removed. 
As  to  the  best  way  to  remove  it  I  will  write  you  some  other  time,  as 
the  boat  on  which  I  leav^e  for  Arkansas  leaves  to-day. 

1  remain,  very  respectfully,  sir,  your  most  obedient  servant, 

C.  E.  rEIIlCE, 
AHsisUuit  Engineer  Wentern  River  Improvements. 

Colonel  J.  N.  Macomb, 

CoTonel  of  Engineers^  Brevet  Colonel  U,  S.  Army. 

A  true  copy : 

J.  N.  MACOMB, 
Colonel  of  Engineers^  Brevet  Colonel  U.  8.  Army. 


K8. 

Fort  Smith,  Ark.,  April  20, 1868. 

Sir  :  I  have  the  honor  to  report  my  arrival  at  this  place  on  the  19th 
instant.  I  left  Little  Rock  for  this  place  on  the  lOth  instant,  at  11 
o'clock  a.  m.    While  there  I  went  and  made  an  exanuualiou  o^  \Xi^  \s y^v:J>5. 
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of  the  steamer  Rodolpb,  which  I  find  a  very  bad  obstruction,  there  being 
nine  feet  of  water  now  on  the  highest  parts.  Tlie  water  at  this  time  is 
about  eight  feet  higher  than  usual  low  water,  and  the  wreck  does  not 
show  out  of  water  unless  it  is  at  a  very  low  stage ;  therefore  it  makes  a 
ver}^  dangerous  obstructicm,  but  there  will  be  no  trouble  in  renioviufl;  it 
It  is  situated  about  20  miles  below  Little  Rock,  near  Pennington's  laud- 
ing, and  lies  directly  in  the  channel,  there  being  from  15  to  18  feet  of 
water  around  the  same  now. 

In  coming  up  the  river  I  passed  several  places  which  I  made  note  of. 
There  are  also  snags  scattered  all  the  way  along.  The  first  place  of  note 
was  called  Hector's  bend,  or  Hell's  half-acre;  this  is  a  very  dangerous 
place,  it  being  full  of  snags  and  stumps,  so  that  it  is  almost  impossible  to 
pass.  Six  miles  above,  Devil's  bend ;  this  is  also  full  of  snags  and  very  dan- 
gerous, and  continues  full  to  Na  tural  stei>s.  This  is  a  very  bad  place,  there 
being  a  great  many  snags  scattered  all  along  the  way  to  Bentley's  reefs 
or  bar;  this  is  considered  a  very  dangerous  place.  There  have  been  seven 
boats  wrecked  at  this  place;  tliere  are  both  rocks  and  snags  at  this  place 
in  the  way.  Owing  to  the  high  water  I  could  not  see  the  real  condition 
of  it,  but  sluill  on  m^'  return  down  stop  and  examine  the  same  and  will 
rei)ort  in  my  next.  Bentley's  Point,  six  miles  above,  is  also  a  very  bad 
place.  The  next  place  is  very  bad ;  it  is  near  the  mouth  of  the  Petite 
Jean,  which  is  also  v^ery  full  of  snags  and  stumps.  Twelve  miles  above 
here  is  Hog  Thief  bend,  which  is  a  very  bad  place,  it  being  fiill  of  snags 
and  stumi)s.  The  next  place  is  near  Pittsburg  landing,  140  miles  above 
Little  Hock.  There  are  a  great  many  snags  ;  also  the  wreck  of  the 
Florence  Traber,  which  lies  badly  in  the  way  and  should  be  removed. 
This  boat  was  sunk  about  three  weeks  ago  by  striking  a  snag  ;  also  the 
bend  above  Patterson's  bluff  is  very  dangerous;  the  steamer  lles|>erwa8 
sunk  at  this  point  about  the  same  time,  but  is  not  in  the  way.  McLaiifs 
bottom  is  also  full  of  snags,  and  the  ^^Teck  of  the  steamer  Des  ^loiues 
City,  which  is  very  much  in  the  way;  this  i)lace  is  about  175  miles  above 
Little  Kock.  The  next  i)lace  is  the  mouth  of  Frog  bayou,  which  is  also 
very  dangerous  and  full  of  snags.  The  next  bad  place  is  at  Moore's  Rock, 
225  miles  above  Little  Rock ;  this  is  considered  the  worst  place  on  the 
river.  At  this  place  I  shall  also  make  an  examination  immediately,  and 
rej)ort  the  condition  of  the  same  in  my  next.  It  is  also  very  snaggy  for 
the  next  four  miles,  at  a  place  called  Trustee's  bend;  and  also  the  wreck 
of  the  steamer  Trustee  is  very  much  in  the  way;  and  it  is  also  very  snaggy 
all  the  rest  of  the  way  to  V^an  Buren,  making  it  very  dangerous.  We 
struck  one  with  the  boat  in  which  I  was  a  passenger,  but  it  caused  no 
serious  damage.  Three  miles  above  Van  Buren  is  the  wreck  of  the 
steamer  Resolute,  which  is  very  much  in  the  way  and  should  be  ivmoved; 
and  there  are  also  very  many  snags  all  the  way  from  Van  Buren  to  Fort 
Smith,  and  is  considered  to  be  one  of  the  most  dangerous  parts  of  the 
river.  1  find  that  the  best  way  to  reuu)ve  these  obstructions,  in  my 
opinion,  would  be  to  have  a  fiat-boat  of  sufficient  size  and  strength,  with 
capstan,  shears,  and  nigger-engiiu^s,  with  boilers  complete,  of  which  I 
will  send  a  sketch.  One-half  of  these  snags  can  be  taken  ashore  easier 
than  any  other  way.  With  a  boat  of  this  kind  I  can  remove  wrecks, 
rocks,  or  any  obstructions  that  may  be  in  the  way.  There  should  also 
be  a  small  steamboat  connected  with  the  same,  so  it  could  be  towed  from 
one  place  to  another,  and  also  accommodate  the  workuig  party.  While 
at  Little  Rock  I  made  inquiry  with  regard  to  facilities  for  building  a  fiat- 
boat  of  this  kind.  I  find  they  are  good  with  the  exception  of  machinery. 
I  also  in(iuired  about  steamboats;  I  could  not  find  but  one  that  would 
ch^urter  by  the  day  and  that  is  owned  by  Mr.  J.  L.  Adams,  of  Little  Rock. 
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The  name  of  this  boat  is  Fort  Smith.  It  is  a  very  lig:ht  draught,  only 
nine  inches,  and  of  suflieient  power  and  room ;  and  the  lowest  i)riee  per 
diem  wa^s  $UM),  without  any  crew  whatever,  and  would  not  sell  at  any 
price.  I  called  on  Mr.  G.  W.  Brant,  of  IlamiltoQ,  Ohio,  who  was  stopping 
at  that  place,  and  who  also  owns  the  steamer  Hamilton,  a  stern-wheel 
boat,  who  otters  it  for  sale  at  a  reasonable  price,  a  descri[)tion  of  which  I 
will  give,  viz:  Length,  110  feet;  breadth,  22  feet;  depth  of  hold,  three 
feet;  size  of  cabin,  10  state  rooms;  draught  of  water,  one  foot;  size  of 
timbers  and  ftames,  four  inches  by  two  and  one-half  inches;  thickness  of 
plank,  two  and  one-half  inches;  number  of  boilers,  two;  length,  16  feet; 
diameter,  30  inches;  number  of  engines,  two;  diameter  of  cylinder,  nine 
and  one-half  inches;  stroke  of  engines,  30  inches;  one  doctor-engine  com- 
plete; length  of  wheel,  11 J  feet;  diameter  of  wheel,  13J  feet,  and  was 
built  in  Cincinnati,  in  July,  1807,  and  has  one  nigger-engine,  capstan, 
and  necessary  outfit  of  pipes,  spars,  &c.,  that  is  needed  on  a  boat  of  that 
size.  I  have  not  seen  a  boat  that  would  answer  to  work  in  this  riv^er  as 
well  as  this  one,  except  the  Fort  Smith,  and  I  think  it  very  cheap  at  the 
price  they  otter  it,  which  is  only  $7,000.  With  an  additional  outlay  of 
$1,(K)0  I  could  make  it  the  best  boat  we  could  have  for  this  river.  In 
regard  to  the  flat-boat,  I  find  that  1  can  build  it  for  $1,000,  that  is,  Avith- 
out  the  machinery,  which  will  cost  $1,000  more,  by  working  in  what  I 
can  of  the  Totten's  machinery.  The  expense  of  miming  and  working  the 
party  per  month  now,  viz : 

One  captain $250 

One  pilot 200 

One  engineer 150 

One  engineer 10(^ 

One  clerk  and  steward 125 

One  mate 125 

One  cook 75 

Two  watchmen,  at  $75 150 

Fourteen  deck  hands,  at  $40  per  month 560 

Three  cabin  boys,  at  $25 75 

Fuel 500 

Subsistence  of  officers  and  crew 050 

Oil,  sundries 200 

Totiil 3,100 


Such  a  boat  as  this  is  very  much  needed,  and  I  w  ould  recommend 
that  such  a  one  be  purchased  and  immediately  set  to  work. 

I  do  not  think  that  I  shall  be  able  to  go  to  Fort  Gibson,  as  there  is 
no  boat  running  there  at  present. 

As  soon  as  I  finish  my  examinations  I  shall  return  to  Little  Rock  and 
there  await  your  orders.  Please  direct  all  mail  to  Little  liock.  1  should 
like  to  hear  from  you  as  soon  as  convenient,  so  that  1  may  know  Avhat  I 
am  expected  to  do. 

1  am,  very  respectfully^,  yoiu'  obedient  servant, 

C.  E.  PEIllCE, 
United  States  AsHistant  Engineer, 
J.  X.  MACo:jrB, 

Colonel  of  EmjineerSy  Brevet  Lt,  Col.  U,  S,  A, 

A  true  copy : 

J.  N.  MACOMB, 
Colonel  of  Engineers^  Brevet  LU  (Jol.  U.  &.  A* 
39  w— Part  11 
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Abstract  of  proposals  received  on  account  of  co7istruction  of  snag-boats  dur- 

ing  fiscal  year  ending  June  30,  18G8. 


Names  of  bidders. 


Samuel  Cummiugs  &  Son. 
Jacob  Gominger 


Residence. 


Designation. 


Amount 


Cincinnati.. 
Cincinnati.. 


John  De  Camp Cincinnati 


Miscellaneous  outfit  for  3  snag-boats..  $6,651  75 

Yawls  for  3  snag-boats 570  00 

Cabin  outfit  for  3  snag-boats (),  681  33 


^Abstract  of  contracts  made  on  aecoiint  of  construction  of  snag-boats  during 

fiscal  year  ending  June  30,  18G8. 


Names  of  contractors. 


Residence. 


Samuel  Cummiugs  &,  Son. 

Jacob  Gominger 

John  De  Camp 


Cincinnati. 
Cincinnati. 
Cincinnati. 


Designation. 


Anioont. 


Mi8cellaneou8  outfit  for  3  snag-boats..  :$6,^)1  75 

Yaw  Is  for  3  snag-boats o70  OO 

Cabin  outfit  for  3  snag-boats 6, 6*il  33 


K9. 

Cincinnati,  Ohio,  August  24, 1868. 

Sir  :  The  continued  successful  Avorkiug  of  the  snag:-boats  built  under 
your  Isupenision  is  a  source  of  much  gratification  to  me  to  report,  and 
1  have  but  little  to  oft'er  in  suggestion  of  any  kind  or  character  for 
their  further  improvement. 

Snags  of  colossal  size  have  been  removed  from  the  beds  of  the  IMis- 
souri  and  Mississippi  rivers,  in  many  cases  old  and  troublesome  resi- 
denters  that  were  known  by  pilots  now  in  service  for  over  a  score 
of  years,  and  there  is  yet  to  be  reported  a  single  instance  of  a  snag 
having  been  passed  for  the  want  of  appliance  or  power  to  remove  it. 
.  In  a  report  to  Congress,  June,  1844,  by  a  select  committee,  recom- 
mending the  payment  of  a  sum  of  money  to  Henry  M.  Shreve  for  bis 
invention  of  a  steam  snag-boat,  it  is  embodied  in  the  report  that  the 
first  steam  snag-boat,  Heliopolis,  in  1829,  raised  a  tree  1G6  feet  in 
length,  and  3^  feet  in  diameter ;  and  on  another  occasion  one  that  was 
X>lanted  20  feet*  in  bed  of  river — at  that  peiiod  of  time,  near  40 
years  ago,  we  may  tmthfidly  say  a  wonderful  achievement,  but  at  this 
day,  and  witii  the  present  snag-boats,  a  work  that  would  be  i>erformed 
inside  of  15  minutes.  And  had  the  inventor  and  his  attachc^s  kept 
^)ace  wkh  the  improvements  and  progress  of  mechanical  arts,  there  is 
no  doubt  but  snagging  would  have  reached  a  high  state  of  perfection  in 
1852,  the  i»enod  at  which  the  business  was  abandoned.  It  is,  however, 
a  notable  fact,  and  one  of  record,  that  the  snag-boat  of  1852  was  the 
Heliopolis  of  1829. 

The  present  snag-boats,  with,  of  course,  improved  machinery  over  the 
Heliopolis  of  1829,  and  *  their  hoisting  machinery  acting  independent 
of  the  propelling  power  of  the  boat,  have  pulled  and  disposed  of  snags 
of  the  following  dimensions : 

April  8,  1808 — Snag-boat  J.  J.  Abert  pulled  at  Devil's  island, 
Mississippi  river,  one  snag,  104  feet  long,  6  feet  3  inches  diameter  at  butt, 
and  3  feet  3  inches  at  top. 

April  11,  1808— One  snag  130  feet  long,  6  feet  4  inches  at  butt,  and  3 
feet  at  top. 
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June  13,  1808 — One  snag  135  feet  long,  5  feet  2  inches  at  butt,  and  4 
feet  at  top. 

April  li5,  18G8 — Snag-boat  S.  H.  Long  pulled  at  head  of  Wabash 
island,  Ohio  river,  one  snag  99  feet  long,  7  feet  at  butt,  and  3  feet  3 
inches  at  top. 

June  12,  1868 — Snag-boat  R.  E.  De  Russy,  one  snag  97  feet  long, 
diameter  at  butt  0  feet  1  inch,  and  at  top  3  feet. 

June  16,  1868— One  snag  119  feet  long,  7  feet  diameter  at  butt,  and  4 
feet  4  inches  at  top.  This  snag  was  imbedded  27  feet  in  bed  of  river, 
was  removed  and  brought  into  cradle  with  its  accunndation  of  soil 
adhering  to  its  roots,  without  having  broken  a  single  portion  of  the 
machinery  or  rigging;  so  heavy  was  this  tree  that  the  hulls  were 
depressed  18  inches  over  their  usual  draught  of  water  by  its  weight  of 
about  75  tons. 

Two  of  the  boats,  the  S.  H.  Long  and  the  J.  J.  Abert,  working 
in  the  lower  Mississippi  and  Arkansas  rivers,  are  now  lying  up  in  the 
Ohio  river  at  Mound  City,  Illinois,  both  being  compelled,  from  sickness 
of  officers  and  crews,  to  go  out  of  service.  It  attbrds  me  pleasure  to  sa^^ 
that  the  S.  H.  Loug  having  her  offic(^\s  and  crew  reorganized,  will 
again  go  into  service  on  the  27th,  and  the  Abert  on  or  about  the 
1st  of  September.  ^ 

I  would  resi)ectfully  ask  your  investigation  of  the  following  sugges- 
tion for  the  improvement  of  the  navigation  of  the  Mississippi  river* 
from  Cairo  to  Memphis,  a  part  of  the  river  known  to  be  the  most  dan- 
gerous : 

There  is  on  this  line  a  large  number  of  persons  engaged  in  cutting  and 
selling  w  ood  to  passing  steamers,  whose  service  could  be  brought  into  use 
at  a  trifling  compensation.  I  feel  justitied  in  saying  that  theii*  services 
would  be  given  gi*atis,  from  the  fact  that  in  so  doing  they  would  add 
largely  to  their  sales  by  the  publicity  of  their  several  wood  yards. 

The  Mississippi  pilots  residing  at  Cincinnati,  Louisville,  and  St.  Louis, 
be  requested  to  meet  and  designate  say  25  points,  between  Cairo  and 
Memphis ;  at  each  of  these  points  designated  have  a  reflector  lamp 
which  shall  be  lighted  and  run  up  over  a  pulley,  to  a  height  of  say  40 
or  50  feet;  the  lights  thus  placed  would  be  beacons^  and  could  be  seen 
a  mile  distant,  either  by  a  descendlug  or  ascending  boat.  These  bea- 
cons thus  arranged  would  be  nmrks  for  pilots  to  make  their  crossing^,, 
and  a  few  trips  w  ould  so  familiarize  them  that  this  portion  of  the  river 
would  become  comparatively  safe  as  it  is  now  dangeroii^. 

The  expense  of  this  arm  of  the  service,  independent  of  attending  to. 
the  trunmings  and  hoistings  of  lights,  would  be  as  follows: 

25  lamps,  with  1  rear  reflector  of  12  inches  diameter  and  2  ♦ 

side  reflectors  of  10  inches  diameter,  at  $10  each  lamp $250  00- 

25  wooden  hoods  to  be  fastened  to  top  of  pole,  with  pulley 
and  lanyard  for  hoisting  lamp,  the  inside  of  ftood   to  be 

painted  "black,  at  $5  each 125  00 

25  i)oles  and  planting,  at  82  each 50  OO* 

25  dozen  wicks  for  one  year's  service,  at  12  cent*  per  dozen 3  00 

150  glass  chimneys,  6  to  a  lamp,  at  8 1  50  per  dozen 18  75 

25  tin  oil-fillers  holding  one  gallon  each,  at  50  cents  per  can . .  12  50 
Consumption  of  oil  for  each  lami)  per  night,  at  12  cents,  for  one 

year,  365  nights,  $43  80,  and  for  the  25  lamps 1, 095  00 

Whole  cost  of  lamps  and  outfit 1, 554  25 
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I  would  further  coninieiid  to  your  immediate  attention  the  building 
of  two  liji^ht  draught  snag-boats;  one  to  be  placed  in  hands  of  builders 
at  the  earliest  day  possible,  and  when  completed  to  be  ordered  to  the 
Arkansas  liver  for  continuous  service;  the  other,  aft<^r  a  test  of  adapt- 
ability of  the  tirst  for  serv  ice,  to  be  placed  in  the  upper  Missouri.  Both 
of  these  rivers  may  be  termed  specialties,  and  must  have  boats  and 
machinery  applicable  to  the  peculiar  condition  of  these  rivers.  Having 
placed  models,  specifications,  and  estimates  of  cost  of  building  in  your 
possession  for  api>roval,  1  deem  it  unnecessary  to  embody  in  this  rejKjrt 
the  estimates  for  these  boats. 

I  would  also  suggest  for  your  consideration  the  building  of  one  more 
boat,  similar  in  constniction  to  the  boats  now  in  service,  tliis  boat  tolx^ 
used  on  the  Missouri  river  with  the  following  changes  in  dimensions  of 
hulls:  One  additional  foot  of  beam  to  each  hull,  three  feet  additional 
floor,  five  feet  additional  length. 

A  boat  with  these  additions  of  dimensions  can  be  brought  out  on  a 
draught  of  water  not  exceeding  three  feet,  this  being  as  light  a  draught 
of  vvatiH",  having  the  necessary  strength  of  timbers  and  suitable  apph- 
ances,  as  <^i\n  well  be  exp(»cted  from  one  bo<at  having  to  carry  all  the 
ai)])liances  necessary  for  the  work  required.  ^ 

This  proposed  boat  can  be  contracted  for  at  the  present  time  under 
very  favorable  prices  to  the  government,  for  the  reason  that  all  the 
westeju  sliii)-builders  are  idle,  and  Avould  be  willing  to  build  at  reduced 
rates  from  the  prices  paid  for  the  boats  now  in  service.  1  am  jUvStified 
in  saying  that  $5,000  per  month  will  be  all  the  funds  requircnl  to  make 
payments  on  this  boat  until  C(mi])leted,  which  wuold  be  in  May,  18(j9, 
being  as  early  a  date  as  could  be  exi)ected  to  get  in  the  Missouri  for 
practical  work. 

I  feel  that  1  would  be  doing  violence  to  my  feelings  were  I  not  to 
embrace  in  this  report  expressions  of  sympathy  for  those  who  have 
died  in  the  harness  of  the  service.  James  Maguire,  attached  to  tlie 
engineer  service  on  board  the  United  States  snag-boat  S.  II.  Long,  died, 
June  27,  of  congestion  of  the  heart*  His  sickness  was  of  brief  duKition. 
It  is  reported  that  he  had  all  the  attention  m  his  illness  that  was  in  tbe 
power  of  the  officers  to  give  him,  having  the  services  of  a  physician 
and  the  attention  of  his  comrades.  He  was  buried  on  the  banks  of  tbe 
^lississippi  in  a  private  buriftl  ground. 

Wm.  B.  Dodson,  pioneer  captain  of  the  pioneer  United  States  snag- 
boat  J.  J.  Abert,  died  on  board  at  Cairo,  Illinois,  after  a  brief  illness. 
August  11.  For  several  weeks  previous  to  his  death  his  crew  had  been 
reduced  by  sickness  and  desertion,  to  an  extent  that  compelled  him  to 
make  the  port  of  Mem|)his  for  additional  men.  Combating  with  these 
difficulties  he  exposed  himself,  and  labored  beyond  his  strength  to  bear. 
He  was  compelled,  after  exhausting  his  princii)al  officers,  to  run  tor 
the  harbor  of  Caiit),  Illinois,  with  a  view  of  reorganizing  for  future 
operations.  There  is  no  doubt  that  the  seeds  of  the  disease  which 
caused  his  death  had  laid  hold  of  his  system  for  weeks  previous,  and  only 
the  excitement  of  his  duties  kept  him  on  his  feet.  A  few  hours  after  his 
arrival  with  his  boat  at  Cairo  he  was  found  insensible,  and  in  a  space 
of  48  hours  from  that  time  death  relieved  him  from  his  watch.  I  am 
cognizant  of  the  fact  that  he  aimed  to  place  himself  ahead  of  his  col- 
leagues iu  the  amount  of  work  to  be  done,  and  in  striving  to  do  this 
lost  sight  of  what  was  due  those  under  his  command.  I  am  not 
competent  to  place  on  paj)er  what  I  feel  is  due  to  his  meinoiy;  his 
faults  aud  foibles  were  errors  of  the  head  only,  and  but  grains  of  resist- 
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mce  against  tons  of  merit.    Miiy  we  not  hope  that  when  the  Great 
Doruinander  pipes  the  chosen  ones  aloft,  Dodsoii  will  be  of  the  elect. 

E.  M.  SUIELD, 
Principal  AsaiHtant  in  charge  of  Confilritciitn  of  Boata  and 

Machinery  for  U,  S.   Went^ra  River  Improvements, 

Colonel  J.  N.  Macomb, 

Corps  of  Engineers  U.  S,  A., 

in  charge  of  Western  River  Improvements. 

True  coi)y : 

J.  N.  MACOMB, 
Colonel  Engineers^  Brevet  Colonel  U,  IS.  A.^ 
General  Superintendent  U.  8.  Snag-boats 
and  Western  River  Improvements^  d'c. 


K  10. 

LiMi  of  snags  pulled  out  and  cut  up  by  United  States  snag-boat  R,  E.  De  Fussy. 


Date. 

&> 

ce 
p 

o 
o 

1 

Length  of 
trunk. 

Circumfer- 
ence of  butt. 

Circumfer- 
ence of  top. 

Kind  of  tree. 

EMtinmted 

weight  in 

tonM,2,0J0 

pouiidri. 

ii?6e. 

May      11 

11 

Ft. 
89 

68 
91 
76 
88 
84 
30 
67 
57 

128 
71 
35 
38 
73 
48 

132 
71 
93 

123 

129 

125 
77 

141 
40 
91 
58 
48 

115 
65 
42 
73 
67 
46 
67 
76 
35 
50 
71 
35 

5y 

63 
83 

Ft.     In. 

12 

17 

11  6 
11 

14  6 
13 

7 

15  6 
9 

15      6 

10  6 
8 

4      6 

12  6 
8 

13 

14      6 
15 
14 
14 

11  6 
14 

15 

3 

9 
11      6 

4 
17 

6 

6  6 
8 

4      6 
11 

4      6 

7 
14 

6 

7  6 
12 

14      6 
17      9 
16 

Ft.     In. 

7 

• 

11      6 

8 

8      6 
11      6 

8      6 

5 
11 

6  6 

8 

7  6 
6 

3 

8  6 
2      6 
7 

9 
12 

8 

8 

7      6 
10 

9 

1 

5 

9 

2 

9 

2      6 

3 

3 

3 

5 

2 

3 
12 

4 

3 

9  6 
9      6 

10 
6      6 

Sycnmore 

....  do  .......... 

16. 

1 

27.8 

.    12 
12 
12 

Cottonwood  .. 

Sycaimore 

....  do 

17.3 
14.4 
29.9 
20.5 

2.  1 
23.4 

6.8 

37.5 

12.1 

3,5 

13 

. . .  .do 

13         1 

dtt 

14  '       1 

. .  do 

14 

in 

I 

1 

i       1 
1       1 

Cottonwood  . . . 
•  • • . do  ••••••*••• 

15 
15 

Sycamore 

. . .  do 

15 
16 
16 

Cottonwood  .. . 

8ycamore 

....  do 

1.1 
16 

2.9 

16 

... .do. .••...... 

27.7 

16 

. . .  .d«» 

19.9 

18 
19 

Cottonwood  . . . 
do  

33.  5 
30.7 

19 

.... do . ......... 

32.2 

19 

....  do 

22.5 

20 

...do 

22.3 

20 

....  do ....•..■.. 

40.9 

20 

Elm 

.3 

21 

. .  do..... . . . . . 

9.  I 

21 

Svovniore 

21 

Cottonwood  . . . 

21 

...  do 

22 

Sycamore 

22 

Cottonwood  . . . 

22 

... .do 

4.4 

22 

....  do .......... 

2 

22 

. . . .do. ......... 

6 

22 

...do 

1.6 

22 

. . .do. ......... 

3.8 

OO 

....  do .......... 

11.9 

2:j 

1         do 

2.5 

23 

....  do. ......... 

4.3 

23 
23 
23 
23 

....do 

! . ...do 

,  Sycuinore 

I. ...do 

8 

17.1 
25.2 
22.4 

Locality  whence  taken. 


Mulnnply     i«Iand,     Missouri 

river. 
Foot  of  Sturgeou'x  Bend. 

Do.  do. 

Do.  do. 

Do.  do. 

Head  of  Mulanply  iKinnd. 
Below  HoImeH'n  inland. 
Abreast  of  HolnieH'n  inland. 
One  mile  above  IVnu'H  wood- 
yard. 

Do.  do. 

Do.  do. 

Head  of  Mitcliell'it  wood-yard. 
HowardV  Bend. 

Do. 

Do. 

Do. 
Head  of  Howard'u  Bend. 

Do.  do. 

Do.  do. 

Do.  do. 

Do.  d'». 

Foot  of  Bonborome  inland. 

Do.  do. 

Do.  do. 

Do.  do. 

Foot  of  Post's  inland. 

Do.  do. 

Head  of  Post'ti  inland. 
Foot  of  Howell'B  inland. 

Do.  do. 

Abreast  of  Howell's  inland. 

Do.  do. 

Do.  do. 

Foot  of  HowellV  island. 

Do.  do. 

Do.  do. 

Do.  do. 

Head  of  Howell's  inland. 

Do.  do. 

Dozier  standing. 

Do. 

Du. 
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List  of  snags  pulled  out  and  cut  up,  8fc. — Continued. 


Date. 

o 

Length  of 
trunk. 

u 

1 

0 

u 

ence  of  butt. 

1 

u 

0 
0 

• 

2 

o 

o 
o 

0 

I 
Kind  of  tree. 

Estimated 

weight    in 

tons,  2,000 

poandM. 

Locality  whenc«  taken. 

1868. 
May      25 
25 
26 
26 
26 
27 

1 

♦1  . 

ii 

Ft. 

45 

70 

105 

126 

51 

50 

83 

64 

104 

49 

42 

73 

105 

92 

90 

70 

91 

65 

93 

95 

98 

84 

70 

91 

80 

70 

91 

105 

82 

135 

143 

71 

63 

81 

110 

109 

105 

101 

89 

91 

63 

75 

58 

49 

107 

80 

98 

3:j 

92 
71 
53 
71 
47 

108 

156 
43 

114 
84 
53 
93 

116 
80 
59 
64 
30 
49 
86 
62 
69 
56 
48 
98 
57 
99 

Ft. 

15 

4 

10 

11 

11 

16 

7 

7 

17 

14 

10 

7 

4 

5 

4 

3 

3 

5 

5 

5 

5 

5 

3 

3 

4 

4 

5 

5 

3 

8 

7 

4 

4 

3 

11 

12 

11 

7 

14 

9 

16 

9 

15 

16 

11 

4 

16 

3 

15 

6 

11 

15 

6 

9 

9 

9 

9 

12 

12 

14 

15 

11 

11 

12 

In. 

6 
6 
6 

6 
6 
6 

6 
6 

6 
6 

6 

6 

6 

6 
6 
6 

6 
6 

6 

6 
6 

6 

6 
6 

Ft. 
5 
3 
5 
6 
7 
8 
3 
4 

13 

13 
5 
4 
2 
4 
2 
1 
2 
3 
3 
3 
3 
2 
2 
2 
2 
1 
3 
2 
2 
3 
3 
1 
2 
2 
7 
5 
3 
2 
9 
4 

12 
5 

12 

13 
2 
2 

10 
1 
7 
2 
6 

14 
2 
3 
3 
3 

3 

9 
9 
10 
10 
9 
9 
9 

In. 

6 

6 

6 
6 

6 
6 

6 

6 

6 
6 

6 

6 
6 
6 

1 

Sycamore 

Httckberry  .... 

Sycamore 

Cottonwood  ... 
Sycamore 

9.9 

2.1 

13.6 

20.2 

8.7 

15 

4.1 

3.8 

47.3 

20.2 

5.5 

5.1 

2.1 

4.6 

1.8 

.7 

.9 

1.9 

2.7 

2.8 

3.9 

2,5 

.9 

.9 

1.6 

1.4 

2.7 

ai 

1 
10 

8.6 
12 

1.5 

.8 

18.7 

16.3 

11.5 

5 
15.9 

8.1 
25.8 

7.5 
20.9 
21.1 
10  7 

1.6 
33.3 
.3 
23 

2.1 

7.9 
31.2 

Dozier'g  landing. 

Do. 

Do. 

Do. 

Do. 
Dozier's  Bend. 

27 
27 
27 

Cottonwood  . . . 

Sycamore 

.... do .......... 

Do. 
Above  Dozier^M  Bend. 
Do.               do. 

27 

.... do .......... 

Do.               do 

28 
28 

....do.. 

Elm 

Do.               do. 
AhrofUit  of  llnwfira  f<lAr»^- 

29 
29 
29 

Cottonwood  . . . 

....do .... 

....do 

CaHhow'^  lauding. 
Do. 
Do. 

29 

.... do . ......... 

Do. 

29 

... .do .......... 

Do. 

29 

do 

Do. 

29 

Do. 

29 

.... do .......... 

Do. 

29 
29 
29 

....do... 

Abreast  of  HowelVi  island 
Do.               do. 
Do.                do. 

29 

Do.                do 

29 

Do.                do. 

29 

... .do. ......... 

Do.                do. 

29 

....do.......... 

Do.                do. 

29 
30 

....do 

.... do 

Do.                do. 
Do.               do. 

30 

Do.                do. 

3U 

...do... 

Do.               do. 

3U 

... .do. ......... 

Do.               do. 

30 

lyo,               do. 

30 

....  do. ......... 

Do.               do. 

30 

... .do. ......... 

Do.               do. 

30 

.... do .......... 

Do.                do. 

30 
:}0 

. ..  .do 

... .do. ......... 

Do.               do. 
Do.               do. 

30 
30 
30 

Sycamore 

Cottonwood  . . . 

Do.               do. 
Do.                do. 
Do.               do. 

June      J 
2 

Sycamore 

•  ■••CIO*  *•••••*•• 

....do 

Dozier'g  Bend. 

Do. 
M  Btiouritou  Bond. 

2 

Elm 

Do. 

2 
2 
2 

Haekberry  .... 

Sycamore* 

Elm 

Do. 
Do. 
Do. 

2 
3 
3 

Sycamore 

Cottonwood  . . . 
Elm 

Do. 
Do. 
Do. 

3 
3 

Sycamore 

Cottonwood  . 

Do. 
Do 

3 

. . . .do. ....... ..' 

Do. 

3 

do 

Do. 

Svcamore    . . . 



Do. 

Cottonwood 

Do. 

^ 

Sycamore 

Cottonwood  . . . 

18.5 

11.7 

27.9 

37 

16 

12.4 

14.7 

16.' 2' 

30.1 

26 

11.7 

16.2 

11 

21.6 

14.8 

lae 

Do. 

Do. 
Hin man's  Point. 

5 

. . . .do. ......... 

Do. 

5 

Do. 

.5 
5 

Sycamore 

.... do .......... 

Auguttta  Bend. 
Do. 

6 

Kurtlebaum'i  landins* 

6 

15 
14 
16 
10 
15 
12 
12 
13 
13 

6 

10 
12 
13 
8 
9 
9 
9 
9 
6 

1 
6 

6 

6 

6 

Sycamore 

....  do 

Augusita  Bend. 
Do. 

S 

....  do 

Above  Augusta,  Mlwonrt 
South  Bend. 

s 

Elm 

8 
9 

Black  walnut . . 
Elm 

Do. 
Do. 

5 
9 

Sycamore 

Do. 

South  Point. 

10 

....do 

Abreast  of  St  John'iislao"^ 

*  VwlUd  toother. 
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List  of  snags  pulled  out  and  cut  up,  ifc. — Continued. 


!e. 

IT 

a 

ae 
«.« 

0 
6 

1 

I 

1 
* 

1 

1 
•*■ 

1 

1 

1 
\ 

ei 

B  »• 

y 

Ft. 
57 

51 
57 
90 

1 
U 

1 
t 

5 

FL 

6 

9 

11 

13 

. 

'«■* 
a 

0 
9 

u 

U 

In. 

Circumfer- 
ence of  top. 

Kind  of  tree. 

Estimated 

weight  iu 

touH.  2,000 

pound*. 

Locality  whence  taken. 

10 
10 

Ft.    In. 
2 
5 
4 

12 

Cottonwood  . . . 

1.7 
5.1 
6.8 

27.9 

AbreaMt  of  St.  John'«  Ulaud. 
Head  of  St.  Joha'8  inland. 

10 

Elm. v.. !!!!!! 

Do.                do. 

10 
10 

Sycamore 

Do.               do. 
Do.               do. 

11 
11 

25 

45 

28 

39 

57 

63 

117 

38 

106 

111 

93 

97 

89 

18 
29 
57 
48 
47 
61 
119 
78 
80 
79 
95 
89 
78 
69 
39 
83 
55 
51 
79 
41 
53 
83 
32 
114 
108 
96 

6 
12 

9 
10 

9 

6 
14 

3 
13 
10 
12 
18 

7 

5 

6 

6 

8 

10 

13 

21 

12 

11 

7 

11 

6 

10 

12 

12 

5 

4 

17 

3 

9 

11 

2 

2 

9 

12 

14 

4 

11 

12 

9 

13 

10 

12 

13 

9 

14 

5 

9 

4 

13 

6 

7 

,? 

3 
17 
15 
15 
15 

6 
6 

6 

6 

4 
6 

6 
6 
6 
6 

6 

6 
6 

6 
6 
6 

6 

6 
6 

6 
6 

6 
6 

6 
6 

5  6 

6  6 
6 

8      6 
8 

2      6 
6 

1  6 
1 

2 
3 
9 
2 

3 

2  6 

4  6 
7 

7  6 
11 

14 

8 

6 

4 

9 

2 

2 

9 

6 

6 

1 
11 

1 

5 

7 
6 

1 
6 

1 

5 

1 

5 

6 

2 

3 

2 

5 

% 

5  6 
3 

6 
2 
6 
0 

2 

2      6 
3 

6 
7 
4 
3 
4 

Sycamore 

. . . . do. ......... 

1.7 

7.6 

3.1 

7 

8.5 

2.5 

24.6 
.6 

17.7 
8.9 

12.1 

37.8 
4.4 

.7 
1.2 
3.4 
5.8 
7 

9.3 
73.8 
15.6 
12 
5.5 
19 
2.7 

15.2 
6.2 
1.7 
1.1 

21 

.8 

4.1 

9 

.3 

.1 

6.8 

10.8 

18.2 
1.9 
9 

ia6 

6.2 
17.2 
7 

10.9 

18.5 

6.6 

25.8 

1.  I 

6.7 

1.7 

19.6 

2.8 

3.3 

6.9 

10.1 

.3 

26.7 

18.2 

21.8 

17.8 

ii'V 

2.2 

18.7 

6.2 

.6 

Do.                do. 
Do.                do. 

11 

Elm 

Do.               do. 

11 

Do.                do. 

11 

....do 

Do.                do. 

11 
11 

Cottonwood  ... 
.do 

Do.                do. 
Emily's  Bend. 
Do. 

12 

. . .  .do. ......... 

12 
12 

Sycamore 

Do. 
Do. 

12 
12 
13 

Elm 

Cottonwood  ... 
Elm 

Do. 
Do. 
Three   miles    below  Miller's 

13 

landing. 
Do.                do. 

13 

.... do .......... 

Do.               do. 

15 
15 

Cottonwood  ... 

Do.                do. 
Do.               do. 

15 
15 

Sycamore 

....do.......... 

Miller's  Bend. 
Do. 

16 

.... do .......... 

Do. 

17 

.... do .......... 

Do. 

17 

Elm 

Do. 

17 

17 

Sycamore 

Do. 
Do. 

17 
17 
17 

Cottonwood  . . . 
Syciimore 

New  Haven,  Miitsouri. 
Abreast  of  Pickuey. 
Do.                do. 

18 

Elm 

Do.               do. 

18 

18 
18 
18 
18 

Cottonwood  . . . 
Hack  berry  .... 

Sycamore 

Hackberry .... 

Do.               do. 
Do.               do. 
Do.               do. 
Do.               do. 
Pickuey  Bend. 
Do. 
Do. 

18 

18 

Cottonwood  . . . 
Elm 

18 
19 
19 

Sycamore 

Cottonwood  . . . 
....do 

Do. 

Myerit's  landing. 
Myers's  wood-yard. 
Do. 

19 

....  do .......... 

20 
20 
20 

i 

96 

69 

116 

. ...do. ......... 

....do 

Do. 
Do. 
Do. 

20 

1     1          88 

....  do .......... 

Do. 

20 
20 

1 
1 

123 
87 
TJ 

102 
95 

129 
36 
61 
84 
98 
69 
'    82 
86 

101 
45 

. ...do. 

. ...do. 

Do. 
Do. 

20 
20 

. ...do 

. . . .do. ......... 

Do. 

Do. 

20 

.... do .......... 

Do. 

20 

.... do .......... 

Do. 

22 

Pickney  Bend. 
Do. 

22 

. . . .do. ......... 

22 

do 

Myerii's  wood-yard. 
Do. 

22 

Elm 

23 
2:1 

Cottonwood  . .. 
....  do .......... 

Do. 
Do. 

2:1 
23 
23 

....do.. 

.... do 

....  do 

Above  Myers's  wood-yard. 

Do.               do. 
Head  of-  White-house  island . 

23 
fl3 

1     1          89 
1     1           91 

Sycamore 

Elm 

Loutre  island. 
Do. 

21 

24 
24 

*1  ^ 

120 
89 

Cottonwood  . . . 

do 

Elm  (ttmall)  . . . 

Sycamore 

Elm 

Do. 
Do. 
Do. 

24 
24 

69 
75 

11 
6 

17 
9 

4 

8 

1      6 

2 

3            i 

1 

Do. 
Do. 

24 
25 

1     1          85 
1              77 
1     ,          62 

Sycamore 

. . . . do. ......... 

Do. 
Do. 

25 

Black  walnut . . 

Do. 

*  Pulled  together. 
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List  of  snags  pulled  out  and  cut  up^  S^'C. — Continued. 


Date. 


1868. 
June 


& 

o 

ca 

• 

• 

s 

o 

ngth 
rank 

•^ 

r 

Ft. 

25 

23 

25 

23 

25 

114 

25 

92 

25 

:15 

55 

25 

55 

26 

42 

26 

61 

26 

41 

26 

57 

26 

1C8 

26 

47 

26 

68 

26 

41 

26 

78 

26 

47 

26 

53 

27 

54 

27 

65 

27 

77 

27 

74 

27 

101 

27 

.56 

27 

71 

27 

49 

27 

39 

29 

83 

2i) 

72 

29 

55 

29 

74 

30 

98 

30 

60 

30 

63 

Ft.     In. 
4 


7 

17 

16 

7 

7 

13 

6 

6 

4 

10 

6 

15 

8 

13 

2 

6 

13 

16 

6 

6 

6 

7 

7 

4 

6 

3 

15 

13 

12 

16 

9 

7 


6 
6 


6 


Ft.     In, 

3 

1 

5 

6 

3 

3 
10 

4 

3 

2 

3 

2 
10 

6 

8 


3 

10 

13 

4 

3 

3 
1 

2 

8 
9 
5 
9 
6 
5 


6 
6 
6 
6 


Sycamore  .. 

Elm  

Cottonwood 

. .  do 

Elm 

...do 

Sycamore  . . 

Cottonwood 

iSycamore  .. 

Elm 

...do 

Sycamore  .. 

..  do 

...do 

Elm 

. . .do. ...... 

Cottonwood 

Sycamore  •. 

..  do 

Elm 

Cottonwood 

.  -  do 

Sycamore  .. 

Cottonwood 

..  .do 

.. .do..   .... 

...do 

j  Sycomore  .. 
I  Cottonwood 

' do 

} do 

Sycamore  .. 

Cottonwood 


Efitimated 

w^eight   in 

tons.  2.000 

pounds. 


3 

6 
I 
7 


.5 

.9 

3.3.3 

24.8 

2.7 

2, 
11, 

3 

1 

1 

9 

1.9 
SI.8 

4.1 

18.7 
o 

2.1 
14.6 
27.3 

3.8 

3 

3 

2.8 

2.8 
.5 

1.6 
.6 
19.4 
13.7 
11.1 
31.4 

6.6 

5 


Locality  whence  taken. 


Lontre  island. 

Do. 
Head  of  Lout  re  Uland. 

Do.  do. 

Do.  do. 

Do.  do. 

Loutre  Island. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do, 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Mouth  of  Cole'B  creek. 
HoUer  island- 
Above  Ma:K>u'M  landing. 

Do.  do. 

Do.  do. 

Gasconade  Bend. 

Do. 


*  Pulled  together. 


RECAPITULATION. 


Total  number  of  snags.  222,  weijrhing  2^486. 2  tons,  from  commencement  of  work  on  the  11th  May,  18^^ 
the  end  of  fiscal  year,  30th  June,  1868. 


K  11. 

List  of  snags  pulled  out  and  cut  up  by  United  States  snag-boat  S.  H,  Long. 


Date. 


1868. 
April    25 


May 


4 

5 
5 
6 


9 
9 
9 
11 
11 
11 
12 


& 

a 

OB 


55 


Ft. 
97 

102 

135 
136 
125 
120 

116 

126 
84 
125 
132 
155 
134 
116 


If 

p  o 
C  P 


Ft.  In. 

21 

12 

4    4 

11 

10    6 
17 

7    6 


12 

8 

9 

10 

11 

12 

9 


6 
6 


P  o 

«   4) 
U   P 


Ft:  In, 
10 

3  6 

2  8 
7 

6  % 
9 

7  6 

7  6 


Kind  of  tree. 


Cottonwood 
— do 


5 
7 
7 
7 
4 


....do. 

do. 

do. 

do. 

. ...do. 

do. 


Cottonwood 

do 

do 

do 

....do 


EHtimated 

weight  in 

touK,  2.000 

pounds. 


49.5 
13.3 

6.7 

21.8 

ia7 

42 

12.8 

25.6 


12.5 

18.5 
26 
24.1 
11.6 


Locality  whence  taken  - 


Head  of  Wabash  island.  Ol 

river. 
Floyd  Smith's  landing.   ^ 

kauita^  river. 
Opposite  Farley's  old  pla^ 
Foot  of  Moore's  cat-off. 
Above  South  Bend  pot«toffic 
Bend  below  Dr.  Prices p**' 

tation. 
Bend  above  Dr.  Price'i  Iw^ 

ing. 
Below  Douglas«*«  landing. 
Bend  above  Price's  farm. 
Beud  below  Price's  farm. 
Bt-nd  above  South  Bend. 
Do.  do. 

Do.  do. 

Do.  do. 


«i 

te 

<M 

CS 

O 

Q 

XiM 

>ate. 

<M 

u 

O 

, 

&  x 

O 

^ 

»5 

18G8. 

Ft. 

y  13 

JOl 

J  3 

122 

13 

123 

14 

60 

14 

123 

14 

106 

14 

92 

14 

113 

14 

105 

15 

118 

15 

125 

15 

9S 

15 

-   70 

15 

84 

16 

96 

16 

151 

16 

85 

22 

55 

22 

35 

22 

90 

22 

95 

22 

80 

22 

95 

22 

95 

23 

127 

23 

128 

23 

128 

23 

68 

23 

118 

25 

' 

53 

25 

148 

25 

8:} 

25 

no 

30 

56 

30 

82 

30 

85 

30 
Id   1 

75 
12i 
110 
126 
152 
126 

2 

136 

2 

124 

2 

2 

132 

2 

125 

2 

130 

3 

100 

3 

100 

3 

65 

3 

115 

3 

60 

4 

130 

4 

74 

4 

54 

4 

113 

5 

53 

5 

65 

5 

125 

5 

93 

5 

127 

6 

100 

6 

90 

6 

90 

6 

106 

8 

94 

8 

82 

6 

125 

8 

135 

8 

105 

8 

95 

9 

118 

9 

148 
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Z  3 
t.   V 


Ft.  In. 

12 

9 

9    6 
6 
20 

7  6 
11 

11 

8  6 
10 

12    6 

7 
12 

7 

9 

9 

5    2 

5 

5 

5 

4 

7 


6 
6 

9 
9 


6 
6 
6 

10 
12 

7 
7 


6 
15 

3 

8    6 

9 

8 

8 

4 

8 

8    6 
12 
11 

8 

8 
15 


9 

6    6 

6 

9 

8 

8 
12 

7 

8    6 

7 

6 

8 

6 

6    6 
12 

4 
13 

16    6 
12 

9 

8 

7 


8 
13 
15 
6 
9 
9 


6 
6 


4; 


Ft.  In. 
3    6 

7 
4 


6 


10 

4 
4 

5 
4 

6 

8    6 
7 
7 

4    6 
5 
6    6 


4 
3 
4 

3 
3 
4 
8 
10 
6 
3 

5 

9 


6 
6 


4    6 


7 
4 

3 
6 
6 
10 
6 
6 
6 
9 


5 

3  6 

4  6 
4  6 


4 

6 
3 
6 
3 
3 
5 
3 
4 
7 
2 
9 
12 
8 
5 
3 
3 


4    6 

10    6 
9 
3 
5 
5 


Kind  of  tree. 


Cottonwood  . 

...do 

...do 

...do 

...do 


... do 

do 

..  .do 

...do 

...do 

...  do 

...do 

Sycamore  .. 
Cottonwood 

...do 

...do  

...do 

..  do 

...do 

..  do 

Willow 

Cottonwood 

...do 

..  .do 

— do 

...do 

...do 

Maple 

Cottonwood 


do 

...do 

...do 

do. 

Sycamore  .. 
Cottonwood 


Willow  .... 

Cottonwood 

do 

do 

—  do 

, ... do 

do 

do 


Cottonwood  . . . 

...do 

...do 

...do 

...do 

Sycamore 

Cottonwood  ... 

... do 

...do 

Willow 

...do 

Cottonwood  . .. 

... do 

...  do 

. .  .do 

...do 

...do 

...do 

...do 

... do 

...do 

...do..(Mmall). 

...do 

...do  

Hackbfiry  ... 
Cottonwood  ..  - 

•  • • U  V  •••••••••• 


Extironted 

weight  in 

tonn,  2.(K)0 

pouudH. 


13.5 
15.9 
11.2 


56.6 

7.4 
11 
14.7 

8.4 
13 
27.5 

9.7 
12.1 

5 

9.6 
18.5 


2.7 

2.8 
5.6 

4.7 
4.7 
6.3 

21.8 

32 
5.4 
5.9 

3.4 
43 


9.9 


9 

6  8 
1.5 

12.5 

11 

30.2 

24 

12.6 

13.6 

36 


13.2 
6.2 
6.5 
9 


5.2 
19.5 

3 
14.5 

3.7 

2.2 
10.2 

2.6 

3.9 
23.7 

1.9 
31.7 
40.7 
18.9 

9 

6.4 

4.7 


10 

37.8 

31.5 

4.7 

11.8 
14.8 


Locality  whence  taken. 


Below  Floyd  Smilh'tt  landing. 

Do.  do. 

Do.  do. 

Do.  do. 

One  mile  below  Floyd  Smith's 

landing. 
Smith'ii  cutoff. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Above  SmIth'H  cnt-off. 
Above  Judlow'ii  wood-yard. 

Do.  do. 

Do.  do. 

Floyd  SmIth'H  landing. 
Bend  below  Silver  Lake  land* 

iog. 

Do.  do. 

Do.  do. 

Do.  do. 

Head  of  Moore'ri  cut-off. 
O.ikley'M  Bend. 
South  Bfud  poHt  ofHce. 
Betid  tibove  South  Bend  po«t 

office. 
Maryhail'ti  wood-yard. 
Bniid  below  Fuirdule. 
Fttirdale. 
Abovf  Falrdale. 
DouKraKM'H  landing. 
Bend  bel'w  DouglaiM'B  land'g. 
WtttkiiiM'ti  landing. 

Do. 
Silver  Lake  landing. 

Do.  do. 

Do.  do. 

Do.  do. 

Do.  do. 

Do.  do. 

Above  Silver  Lake  landing. 

Do.  do. 

Do.  do. 

Do,  do. 

Do.  do. 

Refeld'8  landing. 

Do. 

Do. 

Do. 
Silver  Lake  landing. 
SmIth'H  cut-off. 

Do. 

Do. 
ArkanHaM  Poxt 
AbovH  Red  Fork. 
Five  miles  bt* low  Red  Fork. 

Do.  do. 

Head  of  White  River  cut-off. 

Do.  do. 

White  River  cut-off. 


Do. 
Do, 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 


Above  White  River  cut-off. 
Do.  do. 

Do.  ^o. 
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Date. 

& 

03 

a 

m 
O 

• 

O 

O 
£^ 

y 

Ft. 

124 
97 
41 
33 

136 

115 
55 

132 
47 
75 

110 
71 
5<i 
76 

120 
95 
58 
47 

"'i.io' 

85 

96' 

112 

75 

129 

100 

100 

117 

140 

117 

152 

75 

81 

48 

52 

130 

55 

170 

72 

102 

130 

93 

55 

30 

120 

70 

123 

144 

104 
141 
147 
125 
85 
132 
109 
126 

10!) 

92 
147 
137 

II 

a> 

Ft.  In. 
20    6 
14 
4    6 

&2 

3   O 

Ft.  In. 
11     6 

8 
3    6 

t 
Kind  of  tree. 

EHtimated 

weight  in 

tonn.  2.000 

poaudfl. 

LociUity  w 

J 

1868. 
une       9 

1 

....  do 

65.7 
24.2 

Abovi^  IVhit^ 

9          1 
9         1 
9         1 

Cottonwood  ... 
....  do .......... 

Do. 
Do 

.... do .......... 

Do 

9 
9 

1 
1 

10    6 

3 

4 
17 

9 

8 

10    6 
12 
10    6 

6    6 

8 
12    6 

4    6 

16.3 

Near  Red  Fo 

Sycain'e.(iimall) 

Cottonwood  ... 

. . . .do .......... 

Do 

10         1 
10         1 
10         1 
10          1 
10  1       1 

10  i       1 

11  1       1 

3 

9    9 
5    6 

5  6 
7    6 
7    6 

6  6 
3 

6    6 
6    6 

1.1 

47.5 

5.2 

6.7 

18.7 

13.5 

8.4 

3.8 

13.2 

18 

Do. 
Do 

....ro... ....... 

Do 

WiUow 

Above  Fletcl 
Do 

Beloiv  R(kd  F 

Do 

11 
11 
11 
11 

1 
1 
1 
1 

Qum 

Do 

do 

Willow 

Do. 
Do. 
Do 

11          1 
11          1 

11  1 

12  1       1 

8 

8 

9 
10 

8 

9 
10 

8 
10 
16 

9 

9    6 
12 

7 

9    6 

4 

9 

9 

6 
10 

6 
15    6 

9 
21 

9 

7    6 
18 

3 
11 

6 
13 
17 

17 

14 

12 

23    3 

11 

13    6 

11 

13 

13 

12    6 

19 

21 

4    6 

3 

5 

6 

5 

4  6 
5 

5 
6 
9 

3  6 

5  6 
7 

3 
5 
2 

4  6 
6 

3 

6 

4    6 

9 

7 
11 

4    6 

5 
11 

3 

7 

2 

6  6 
7 

6    6 
6 
8 
13     6 

6  9 

7  6 
6    6 
6    6 
8 

7 
8 
8 

Willow 

3.8 

Do. 
Do 

13 
11 

White  River 

Do 

12 
12 
12 
12 
12 
12 
13 
13 
13 
13 
13 

Do 

9.6 
13.4 

6.7 
16.8 
32 

9 

12.9 
25.2 

5.8 
16.7 

1.5 

8.1 

5.3 

2.1 
16.9 

3.3 
51 

9.4 
5.3 
13 
74 

22.1 

.6 

19.2 

2.1 
24.6 
43,2 

30.2 

21).  6 

29.4 

85 

13.6 

29 

17.4 

25.2 

2:1 

17.5 

57.3 

61.6 

Do 

.....   ... 

Do 

Do 

Do 

Do 

Do. 

Do. 

Do 

Above  White 

Do. 

15  i       1 

Notrtfbe'it  Be; 

15 
15 

1 

1 

Foot  of  Smid 

. 

Do 

15  1       1 
15         1 

Do. 

Uead  of  Sml' 

15 
16 
17 

1 
1 
1 

Do 

Mixture's  Poi 

Below  Booty 
Do. 

17  1       1 
17  ;      1 

White  River 

17 
17 

1 

1 

Do 

Do 

20         1 
20  i       1 

Do. 

Above  White 

20 
22 

22 
22 
23 
24 
24 
24 
2.-) 
25 
26 
27 
2<) 
29 

Do. 

Ozark  ittland  1 

Head  of  Ozar 

»ippi  river. 
Do. 

Do. 

Bend  of  7 1  C 

Do. 

Head  of  No 

B4'ud  of  No. 

Head  of  No. 

Hfad  of  No. 

Do. 

Do. 

►•• 

Bend  of  No. 
Do. 

RKCAPITULATIO.N. 


Total  number  of  «nagii.  149,  weighing  2,291.3  tona,  from  commencement  of  work  on  the  3& 
to  the  end  of  fliical  year,  June  30,  1868. 
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K12. 


List  €9/^ snags  pulled  out  and  cut  up  by  United  States  snag-boat  J.  J.  Abert. 


Ete. 


9 


c 


rehlS 

30  1 

31  I 

2: 

•21 
3  1 

31 

3 

3 

3 

4 

4 

4 

fi 

6 

fi 

6 

7 

M 

I 

7 
8 
11 
13 
13 
14 
15 
16 
16 
17 
1? 
15 
i  » 

*  21 
21 
i  21 
21 
22 
22 
22 
23 
23 
93 
21 
23 
24 
24 
24 
25 

27 
27 
27 
27 
2^ 
28 
28 
28 
29 
» 
29 
30 
H) 
30 
30 
30 

^7     1 

1 
1 
2 
2 


M 
x:  a 

c  ~ 

9 


Ft. 

85 
70 
90 


120 
73 


80 
110 


80 
70 
90 

85 


4U 

20 

63 

104 

130 

100 

no 

120 
110 
115 


16 
U 
10 


14    7 
13 


■L  ^ 


Ft.  In. 
12    5 

5 

6 


7 

9 

11 


8  6 

9  7 


3 

6 


Kind  of  tree. 


7 

9 

8 

10 


2 
5 
2 
3 


12    6 
19 

19 
16 
16 
16 
14 
15 


9 

10 
10 
8 
6 
7 
7 
8 


Sycamore 

Elm 

Cottonwood  . . . 

Liirgo  tree 

Cottonwood  . . . 

S_\  caniore 

Cottonw'd.um'l. 
Sycamore,  (I'gej 
Cutt^mw'd.  i«m'l. 
Bl'k  w«ln't,8m'l. 
Sy  caiuons  sm'l . 
Cottonwood  . . . 

...  do 

Sycamore 


Etitimntod 

Wfigbt  in 

tonn.2.000 

poandii. 


110 

18 

6 

170 

15 

6 

110 

13 

7 

115 

13    6 

5 

1S20 

U 

6 

110 

11 

'       5 

130 

13 

6 

HO 

16    6 

8 

125 

12 

7 

65 

7 

5 

120 

14 

6 

110 

8 

5 

90 

11 

7 

no 

15 

6 

135 

12 

7 

80 

17    6 

10 

90 

9 

5 

110 

13 

8 

125 

13 

8 

90 

11 

8 

no 

10 

8 

90 

11 

7 

50 

15 

10 

lliO 

5 

3 

90 

9 

6 

95 

15 

8 

95 

14 

7 

90 

10 

7 

120 

12 

7 

90 

12 

6 

10.) 

10 

5 

110 

11 

6 

80 

8 

5 

35 

15 

12 

li5 

9 

100 

13 

9 

110 

16 

9 

no 

11 

7 

120 

15 

10 

W 

9 

5 

90 

6 

3 

Cottonwood  . . . 
do 

Sycamore 

Cottonwood  . . . 
do  ..  (iimall) 

Stump 

Stump 

Sycamore 

....  do 

Cottonwood  .  - . 

do 

do 

do 

do 

do 

....do 

do 

do 

do 

do 

....  do —  -. 

do 

do 

do 

. . . . do 


Gum 

Cottonwood  ..  ■ 

Gum 

Sycamore 

Cottonwood  . .. 
do 

Svcamore 

Black  walnut.. 

Sycamore 

Cottonwood  .  -. 

Sycaimoro 

do 

...do 

...do 

...do 

...do 

Cottonwood  -  -  - 

Svcamore 

White  wftlnut.. 
Svcamoro  -  .  -  -  - 
BVkwalu't.am  I 
Cot  tou  wood  — 
do 

....do 

Svcarnore  - 

Cut'nWd  »f  oip 

do 

do 

do 

do 

do 

Sycaoiore   .  -  -  - 

do 


34.8 

10 

11.7 


32.5 
19 


8.8 
12.7 


4 

7 

5.4 

7.6 


14.5 

42.6 

57 

30 

28.6 

32.4 

25.3 

31 


1 

I 
7 


43 
39. 
23. 
20. 
18 

14.3 
24.  7 
a*).  2 
22.5 
4.6 
25.2 
8.8 
14.4 
25.3 
24. 3 
31.2 
9.  I 
25.3 
28.7 
16.2 
17.6 
14.4 
16 
3 

9.9 
L'5.  6 
21.8 
12.6 
21.6 


Locality  whence  taken. 


14.4 
12 
16.5 
7 


Foot  of  Ablo'ii  Tow  head. 

Do.  do. 

Head  of  do. 

3  niiU'8  above  do. 
Heud  of  do. 

2  mileH  ul)Ove  do. 

Do.  do. 

Do.  do. 

Do.  do. 

Foot  of  Dog  Tooth  Bend. 

Do.  do. 

Head  of  Dog  Tooth  island. 
Opponite  BrookV  Point. 
Foot  of  Goose  ixlaud. 
HfHd  of  do. 

Opposite  Power'b  island. 

Do.  do. 

Foot  of  Birmand'u  itilaud. 

Do.  do. 

Oppojiite  do. 

Foot  of  Rock  inland. 

Do.  do. 

Opposite  Cape  Girardeau. 
Devil'8  island. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Above  Kinnoy's  Point. 
Foot  of  Tower  islaud. 
Tower  island. 

Do. 
Head  of  Tower  island. 

Do,  do. 

10  niileg  above  Grand  Tower. 

Do.  do. 

Head  of  Hat  island. 

Do.  do. 

Do,  do. 

Bf low  DeviVH  Backbone. 

Do.  do. 

Below  Liberty. 
Head  of  Liberty  island. 
Below  Chester,'  lU. 
Do.  do. 

Do.  ao. 

Opposite  Che«t«»r,  I\\ 

Bilow  Dean'a  wood-yard. 
Do.  ^Q^ 

Do.  ^o 

Fredmau'B  ^ood-yard. 

do. 


25.3 
25 
35.2 
17  6 
38.4 
8.5 
3.6 


Do. 
Do. 
Do. 
Do. 
Do. 


do. 
do. 
<\o. 
do. 


Abovfe  Frerlr 

Do.  ^^    do. 


KaHka»Vl^ 
Below  s«i^  ' 


do. 


Ci 


^^^vVeve,  Mo. 


taik. 
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List  of  snags  cut  up  and  pulled  out,  8fc. — Continued. 


Date. 

& 

08 
P 

9C 
«M 
O 

e 
5C 

• 

•*=  2 

• 

c  o 

Ciroumfer- 
euco  of  top. 

Kind  of  tree. 

EHtimRted 

weight    in 

tonu,  2,000 

pounds. 

1868. 
May       2 
4 

1 
\ 

Ft. 

131) 
135 
135 

8»» 
90 

no 
no 

90 

90 

1(K) 

1V5 

120 

no 

95 

100 

115 

110 

95 

80 

85 

90 

no 

1(0 
85 
95 

112 

105 
70 
55 

10) 
90 
80 
70 
50 
80 
80 

1(H) 

no 

135 

130 

50 

115 

Ft.  In. 
16 
16 
14 
18 
17 
13 
10 
10 
11 
12 

n 
11 

14    6 

9 
11 
16 
15 
13 
10 
13 
10 
13 
15 

7 
10 
15 
10 

9 
11 
18 

FU  in. 

9 

7 

5 
10 
10 

7 

6 

5 

5 

5 

5 

7 

7 

5 

6 

9 

9 

9 

6 

7 

5 

9 

8 

5 

6 
10 

5 

6 

7 
12 

Cottonwood  . . . 
do 

41.8 

36.4 

25.6 

32 

33.3 

23.1 

14.3 

10.8 

11.7 

15 

16.2 

19.2 

26.4 

9.5 
15 

36.8 
31.9 
23.7 
10.4 
17.8 
10.8 
27.5 
27 

5.9 
12.3 
35.8 
12.6 

7.7 

8.8 
44.9 

4 

. ...do  

5 
6 
6 

7 

Sycamore 

.... do  

Cottonwood  . .. 
...do 

7 
8 

do 

.... do 

8 

.... do  ■•...••... 

8 

do 

8 

8 

.  ...do 

9 

....do. 

9 

...  .do .......... 

9 

do 

11 

do. 

11 

. do 

12 
13 
13 

Sycumor© 

Cottonwood  . . . 
do 

13 

do. 

13 

....  do  ......... 

14 

do 

14 
16 
16 
16 

Sycamore 

Cottonwood  . .. 

Sycamore 

...  do 

18 

....  do 

June     10 

...  do 

11 

Cottonwood  . . . 

11 
11 

9 

8 

6 
12 
14 

15  6 
8 

16  8 
14 

18 
11 

7 
7 
5 
9 

10 
S 
6 

12 
4 

15 
7 

Sycamore 

do 

10.4 
7.7 
3 

17.6 
2:j.2 

22 

n 

55.3 
2:i.  4 
27 
18.4 

11 

.... do 

11 

Elm 

11 
11 

Sycamore 

....  do 

12 

Elm 

13 
13 
15 
17 

Sycamore     

Cottonwood 

Sycamore 

17 

. . .  -do  . .  f small) 

17 
17 

105 
1(H) 
125 
110 

15 

14 

.    9 

12 

d 

7 
7 
8 

Cotton  woud  . .. 
....  do 

28.3 
23 
16.2 
22 

18 

Gum 

18 
20 

... .do 

CvpreM 

20 

05 

95 

95 

105 

80 

61) 

120 

115 

75 

10 
11 

9 

9 
14 

9 
10 
12 
12 
16    6 

Sycamore 

20 

8 

7 
7 

10 
8 
8 
7 
7 

12 

Pecan  

7.7 
12.3 
12.3 
30.4 
J2 

9.6 
21.6 
20.7 
30.7 

30 

Qum 

20 

. . . .do. ......... 

21) 
22 

Sycamore 

Elm 

22 

, . .  .do 

22 

ftuin 

22 
22 

Sycamore 

.... do 

2:) 

. . .  .do 

23 

Elder 

23 

no 

90 
120 
120 

ll!0 

no 

80 
120 

10 
12 
11 
13 
13 
15 
10 
10 

7 
8 
7 
7 
8 
10 
7 
6 

G  um 

15.4 

18 

19.2 

25.2 

23 

35.2 

11.2 

15.6 

23 

....  do 

23 
23 
24 

Cottonwood  .. . 

Sycamore 

•Gum 

24 
24 

Cottonwood  . . . 
do 

25 

25 

.... do ......... 

26 
27 

60 

no 

19    9 

18 

13    6 

12 

....  do .......... 

3a6 

49.5 

29 

Gum 

29 

Elm 

29 
29 

no 

15 

9 

Sycamore 

(Cottonwood 

31.9 

29 
29 

100 

12 


7 
I 

Sycamore 

Cottonwood  . .. 

ie" 

Locality  whence  taken.    — 


Foot  of  Turkey  inland. 

Do. 

do. 

Do. 

do. 

Head  of 

do. 

B«-l  w  Fort  Chartrei,  III 

Above 

do. 

Do. 

do. 

Do. 

do. 

Do. 

do. 

Do. 

do. 

Do. 

do. 

Do. 

do. 

Do. 

do. 

Do. 

do. 

Do. 

do. 

Do. 

do. 

Ruhh  Inland  Bend. 

Do. 

do. 

Rnwh  Tower. 

Mo. 

Mouth  of  Merrimac  river. 

Do. 

do. 

Do. 

do. 

Do. 

do. 

Above  Smith' 

i  landing,  IIL 

Anieland  inland. 

Liberty  ittland 

I. 

Dc. 

Baiiibridge  landing. 

Hewl  of  Di^vil 

'd  blaod. 

Below  Norfolk. 

Do. 

Do. 

Do. 

Do. 

Putney  Bend. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Head  of  Island  No.  2. 

Do. 

Oppo-ite 

do. 

Do. 

do. 

LucaH  Bend. 

Do. 

Foot  of  Lncaf  Bend. 

Do. 

Do. 

Do. 

Do. 

Foot  of  Wolf  inland. 

Do. 

do. 

Do. 

do. 

Below 

do. 

Below  Hickm 

i»u.  Ky. 

2  mileii  below 

do 

Do. 

do. 

Do. 

do. 

Head  of  Inland  No.  8. 

Oppotiite 

do. 

Near  Jam'-s'ii 

bavoo. 

Head  PbiUips 

IS  bar. 

Do. 

do. 

Do. 

do. 

Foot  of 

do. 

Do. 

do. 

Do. 

do 

Do. 

do. 

Below 

do. 

Head  of  Iidand  No.  la 

Do. 

do. 

Do. 

do. 

Do. 

do. 

Do. 

do. 

Oppoaite 

do. 
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List  of  snags  cut  up  and  pulled  out^  Jipc— Continued. 


Date. 

a 

X 

o 
o 

o 
u=  a 

Circumfer- 
ence of  butt. 

Circnmfer- 
eneo  of  top. 

Kind  of  tree. 

EstiinaTed 
wciftlit   in 
ton»«.2,0()0 

pOUlldri. 

Locality  whence  taken. 

tie    29 
30 
30 

Ft. 
75 
100 

Ft.  In. 
12 
13 

Ft.  In. 
10 
10 

Sycnmore 

....do 

18 
27 

Opposite  Idland  No.  10. 
Foot  of              do. 
Do                 do 

do 

Oiim 

Above  Point  Plc>fiiuuit   Mo 

30 
30 

95 

12 

8"' 

Syraiiioro 

Cottonwood  . . . 

19 

Do.                 do. 
Above  TiptouHvillo. 
Above  iHland  No.  14. 

30 

120 

11 

9 

Sycamore 

24*' 

RKCAPITUI.ATION. 


Total  number  •f  «nap».  158.  weighing  2.708.4  tons,  from  commencement  of  work  on  the  28th  of  March, 
r»8,  to  the  end  of  fiitcul  year,  30ib  June,  1868. 


K  13. 

Office  of  Western  Eiver  Improvements, 

Cincinnati  J  Ohio^  January  14,  18G8. 

General  :  I  beg  leave  to  lay  before  yon  the  very  able  and  interesting 
port  of  my  assistant,  Brevet  MiijorC.  W.  Howell,  eaptain  of  engineers, 
)on  the  eondition  of  the  Missonri  river,  and  his  plans  and  estimates 
r  improving  the  same,  which  1  heartily  approve,  and  trnstthathe  may 
'  allowed  to  earry  ont. 

It  will  be  seen  from  this  report  that  there  is  an  immense  field  of  ope- 
tionsof  more  or  less  nneertainty  as  to  the  perinaneney  of  the  improve- 
pnt,  althongh  evidently  very  necessary  to  be  nndertaken,  in  the  way 
removing  snags;  tliis  part  of  the  work  it  is  expecte<l  to  commence 
ith  one  of  onr  snag-boats  now  in  the  course  of  compk*tion,  whilst  on 
e  uj»per  waters  there  is  an  oi)portunity  and  a  demand  for  some  work  of 
more  definite  and  permanent  character  of  improvement  in  clearing  the 
annel  of  boulders  and  in  making  some  rock  dams. 
Major  Howell's  estimate  for  a  suitable  light-draught  steamer,  with 
fpiisite  boilers,  engines,  tools,  ami  machinery  for  the  part  of  the  work 
St  alhnled  to,  is  $:il>,0(K> ;  and  for  wages,  &c.,  of  crew  for  working  the 
me,  together  with  fuel,  «S:c.,  for  five  months,  $23,1HK);  amounting  to 
2,000. 

Tlie  money  now  remaining  applicable  to  the  ^lissouri  river  will  aft'ord 
iple  means  for  defraying  the  al)ove  expense  for  the  first  season's  work; 
d  the  future  carrying  on  of  tJie  work  would  be  the  subject  of  ne>v 
timates,  nia<le  with  the  aid  of  the  experience  gained  in  working  the 
at  above  estimated  for. 

As  regards  the  work  of  snagging  on  the  Missouri,  the  exi>ense  of  that 
included  in  my  annual  estimates  submitted  on  the  IDth  September, 
07. 

Should  this  report  and  recommendation  meet  with  your  approval,  I 
g  to  be  auth()rize<l  as  vsoon  as  possible  to  advertise  for  proposals  for 
ilding,  equipping,  an<l  furnishing  complete,  at  some  one  convenient 
int  on  the  Ohio  river,  such  a  light  <lraught  steamer  as  is  indicated  in 
e  general  description  given  in  the  report. 
The  maps  in  progress  for  illustrating  this  report  will  be  iuvaVa^bbV^  Ic^ 
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the  engineer  oflBcer  in  charge  of  the  party  in  the  field  to  be  improved, 
and  it  is  expected  to  take  tracings  of  them  here  on  that  ac<K)iint. 
I  remain,  very  respectfully,  yoiir  most  obedient  servant, 

J.  K  MACOMB, 
Colonel  Engineers^  Brevet  Colonel  U,  S.  Army, 

Brevet  Major  General  A.  A.  Humphreys, 

Brigadier  General  Commanding  Corps  of  Engineers  TJ,  S.  Army, 

Headquarters^  Washington^  D.  C. 

P.  S. — The  report  is  mailed,  in  a  separate  package,  in  the  same  mail 
with  this. 


Office  Western  River  Improvements, 

Cincinnati,,  Ohio^  June  24,  1867. 

Sir  :  You  will  proceed  without  delay  to  St.  Louis,  Missouri,  and  from 
that  city,  by  river,  to  Fort  Benton,  for  the  purpose  of  inspecting  the  con- 
dition of  the  ^lissouri  river  with  a  view  to  its  improvement. 

You  are  authorized  to  em})loy  one  assistant  to  accompany  you,  and 
make  a«  complete  and  acciuate  a  sketch  of  the  river  as  practicable,  to 
illustrate  your  report. 

On  completion  of  this  duty  you  will  return  to  Cincinnati,  and  make  to 
this  office  a  detailed  report,  in  writing,  embracing  all  information  of 
importance  you  may  have  gained. 

You  will  pay  particidar  attention  to  the  obstructions  in  the  river, 
including  snags,  bars,  and  rapids,  and  report  on  the  feasibility  of 
removing  them,  together  with  approximate  estimates  of  time,  labor, 
machinery,  and  expense  necessary  to  render  navigation  more  safe  and 
speedy. 

I  remain,  very  respectfullv,  vour  obedient  sen^ant, 

J.N.MACOMB, 
Colonel  Engineers^  Brevet  Colonel  C\  8,  Army, 

Brevet  Major  C.  W.  Howell, 

Captain  Engineers  United  States  Army, 


Office  Western  River  Iimprove^ients, 

Cincinnati,  OhiOj  December  3,  18G7. 

Colonel  :  In  continuation  of  the  duties  designated  in  your  order, 
dated  June  24,  18(57,  I  have  the  honor  to  submit  the  following  report: 

The  maps  and  sketches  intended  to  accompany  this  report  are  not  yet 
completed,  but  will  be  forwarded  the  latter  part  of  Februaiy,  181J8. 
I  have  the  honor  to  be,  sir,  verv  respectfullv,  vour  obedient  servant, 

C.V.  HOWELL, 
Captain  Engineers^  Brevet  Major  U,  S.  Army, 

Colonel  John  M.  Macomb, 

Corps  of  Engineers  United  States  Army, 


The  Missouri  river,  owing  to  the  rapidity  of  its  current  and  the  geolog- 
ical characteristics  of  its  immediate  valley,  is  at  all  times,  after  leaving 
the  high-lands,  400  miles  below  Fort  Benton,  a  wide  and  comparatively 
shallow  stream. 

The  average  velocity  of  its  cun^ent  has  been  estimated  at  three  miles 
per  hour,  and  this  is  very  gi-eatly  increased  during  the  flood  season ;  in 
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contracted  portions  of  the  river  frequently  reaching  five  or  six  miles  per 
hour,  and  forcing  the  most  powerful  steamers  to  use  the  towing  line. 

The  immediate  valley  of  the  river  presents  the  same  general  charac- 
teristics throughout  the  greater  i)art  of  its  length.  The  stream  winds 
through  a  narrow  bottom  of  light  alluvial  formation,  closely  shut  in  by 
high  rounded  hills  or  rolling  table-lands,  cushioning  the  bends  and  throw- 
ing the  current  from  side  to  side  across  the  valley.  A  luxuriant  growth 
of  Cottonwood,  intersi>ersed  at  points  with  ash,  elm,  plum,  and  cheny, 
covers  the  most  fertile  portions  of  the  bottom,  while  dense  willow 
tickets  fringe  the  lower  banks,  and  creep  out  upon  the  long  sand-points 
and  higher  bars. 

The  barren  plateaus,  which  often  intervene  between  the  bottoms  and 
the  base  of  the  hills,  support  but  a  scanty  covering  of  coarse,  short 
prairie  grass  and  stunted  sage  brush,  and  the  short  narrow  ravines  fur- 
nish a  straggling  growth  of  pine  and  cedar. 

These  characteristics,  though  generally  pertaining,  are  greatly  modi- 
fied in  that  portion  of  the  valley  below  Fort  Kandall,  at  which  point  the 
bottom  lands  begin  to  widen  and  increase  in  fertility,  and  civilization 
adds  its  changes  to  the  general  features  of  the  country.  Cottonwood 
groves  continue  to  hold  their  places  on  the  lower  grounds,  but  the  hill- 
sides gradually  exchange  their  nakedness  for  a  valuable  covering  of  oak, 
hickory,  and  walnut. 

The  light,  loosely  aggregated  character  of  the  bottom  formation 
renders  it  peculiarly  susceptible  to  the  iiction  of  the  cuiTent,  which  at 
all  stages  of  the  river  cuts  its  way  into  exposed  banks  and  tills  the 
channel  w  ith  the  debris. 

Even  the  more  substantial  bluffs  are  not  exempt  from  tlie  encroach- 
ments of  the  river  when  in  flood,  being  subject,  by  their  non-homoge- 
neous formation,  to  the  undermining  action  of  the  current  which,  washes 
away  the  layers  of  drift  and  precipitates  the  rock  into  the  channel, 
always  at  such  points  running  close  in  shore. 

From  the  liound  Bute  to  St.  Louis  every  bend  of  the  river  gives  more 
or  less  emphatic  evidence  of  this  cutting  action,  the  bed  of  the  river  at 
peculiarly  susceptible  points  shifting  in  a  few  weeks  from  200  to  300 
yards  into  the  bottom  lands,  and  frequently  cutting  through  the  necks 
of  bends,  changes  the  whole  channel  for  miles  on  either  side. 

The  disproportion  between  the  current  velocity  and  the  stability  of 
the  banks  causes  the  obstructed  condition  of  the  lower  river.  During 
the  height  of  the  flood  season,  but  more  particularly  at  a  medium  stage, 
the  current  cuts  material  from  the  bank  faster  than  it  can  remove  and 
aiTange  it;  the  water,  already  charged  to  the  extent  of  its  carrying 
power,  rolls  the  suplus  along  the  bottom,  fills  up  the  low-water  channel, 
and  evenly  raises  the  river  bed  throughout  its  length  and  breadth ;  as 
the  river  falls  below  its  medium  height,  work  is  gradually  transferred 
from  the  bank  to  this  accumulation  of  sand  and  mud  upon  the  bottom ; 
the  two  are  sorted  by  the  current,  the  mud  earned  away  and  deposited 
in  the  stiller  portions  of  the  stream  to  form  the  top-dressing  of  a  willow 
bar  or  bottom,  and  the  sand,  left  without  its  sedative  influence,  is  shifted 
from  place  to  place  by  the  erratic  ettbrts  of  the  water,  while  accommo- 
dating itself  to  a  channel.  In  consequence  the  whole  bed  of  the  river  is 
choked  by  shifting  sand-bars,  giving  one  day  a  good  channel  and  the 
next  changing  so  as  to  obstruct  the  whole  water-way;  every  change  in 
the  stage  of  the  river,  and  every  modification  in  the  shape  of  its  banks, 
either  by  cutting  or  tilling,  changes  the  direction  of  the  current  and 
forces  a  corresponding  change  in  the  sand  deposits,  so  that  these  latter 
are  never  at  rest,  since  the  causes  of  disturbance  continue  U\tQW^Vvw5X> 
the  year. 
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TIMBER  DEPOSITS — DRIFT. 

Ill  addition  to  these  sand  obstructions  others  of  a  more  dangerous 
character  are  formed,  due  to  the  same  cause.  By  the  cavin*?  in  of  tim- 
bered banks  ^reat  numbers  of  cottonwood  trees  are  precipitated  into  the 
stream,  tilling  it  with  drift  and  snags.  Trees  washed  in  by  the  higher 
stages  are  generally  carried  to  a  distance,  before  they  are  deposited; 
their  roots  are  washed  clear  of  earth ;  they  are  in  consequence  le^is  liable 
to  anchor  in  the  bed  of  the  river,  and  the  majority  of  such  are  drifted 
on  the  bars  and  sand  bottoms,  where  they  dry  and  form  the  drift  of  suc- 
ceeding tioods.  Drift,  though  at  times  dangerous,  has  its  use,  and  the 
benefit  derived  from  it  in  those  stretches  of  the  river  wliere  firewood  is 
scarce  more  than  counterbalances  the  risk  of  broken  wheels  and  rudders, 
or  the  breaking  of  a  few  planks  in  a  weak  hull. 

SNAGS. 

Snags,  on  the  contrary,  are  useless  and  extremely  dangerous.  Thej 
are  to  be  found  in  every  bend  of  the  river,  solitary  or  in  clusters,  stand- 
ing out  boldly  above  the  surface  of  the  water,  or  lurking  beneath  it  with 
but  a  rip))le  on  top  to  warn  the  pilot  of  their  presence.  Some  have  grown 
gray  and  lawn-like  in  their  stations,  while  others,  new  comers,  retain 
their  lind)s  and  stretch  widely  across  the  channel. 

No  portion  of  the  river  bed  in  the  vicinity  of  timbered  bottoms  is  with- 
out its  snags.  The  newest  are  near  the  bank;  the  oldest  have  passed  in 
turn  across  the  channel  and  into  the  opposite  growing  point.  The  most 
dangerous  are  those  old  settlers  in  the  crossings,  where  each  season,  a« 
the  channel  shifts  back  and  forth,  they  lie  alternately  in  the  channel  or 
buried  in  the  sand.  The  ice  of  each  si)ring  freshet,  during  a  series  of 
years,  has  added  to  their  sharpness  and  curtailed  their 'length  till  many 
of  them  only  reach  above  the  surface  at  low  water;  no  pilot  can  tell  their 
exact  position,  and  to  strike  them  is  almost  certain  destruction.  Many 
of  them  lie  buried  for  years  before  the  channel  cuts  around  them;  their 
plaee  has  passed  from  the  memory  of  even  those  best  acquainted  with 
the  river,  and  their  presence  is  only  manifested  by  the  disaster  they  cause. 
The  new  comers  are  the  least  <langerous  of  snags;  they  are  only  trouhle- 
some ;  they  block  the  channel  along  freshly  cut  banks  and  cause  delay, 
but  in  time,  as  the  bank  cuts  more  and  more,  they  are  thinned  out  by 
the  ice  and  by  freshets,  leaving  the  more  stubborn  to  settle  in  the  bars 
and  wait  the  shifting  of  the  clmnnel  to  become,  in  their  turn,  dangerous. 

In  determining  what  snags  ought  to  be  removed  to  improve  navigation 
only  long  experience  shouhl  l)e  consulted,  and  even  that  nmy  often  mis- 
lead. A  cutting  bank  is  always  a  good  guide  where  the  bends  are  deep 
and  regular,  for  the  channel  usually  runs  close  to  it,  but  in  long  stretcher 
or  where  islands  divide  the  stream,  only  an  experienced  pilot  accustomed 
to  the  river  can  tcdl  where  to  clear  the  wav.  No  certain  estimate  of  the 
dimensions  of  a  snag  can  be  based  on  its  showing  above  water;  its  incli- 
nation and  the  depth  of  water  around  it  ma^'  in  the  majority  of  ca^s 
give  an  idea  of  its  length,  but  not  with  certainty;  many  small  ai)pearing 
snags  are  but  the  limbs  of  large  trees  embedded  in  the  sand,  while  those 
showing  large  diameters  vary  from  20  to  100  feet  in  length. 

It  will  be  safe  to  premise  that  all  snags  come  from  large  trees,  for  only 
they  have  sufficient  root  to  ^We  a  firm  anchorage. 

ROCK. 

Eock  obstructions  occur  wherever  rocky  bluffs  border  the  stream,  but 
not  in  troublesome  numbers  until  entering  the  rapid  section  of  the  river. 
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A  few  disasters  have  occurred  from  their  presence  in  the  lower  and  middle 
river,  but  all  from  want  of  thorough  pilots.  Obstructions  of  this  kind 
hold  their  place;  do  not  occiu*  where  the  channel  is  liable  to  shift,  and 
for  this  reason  can  always  be  avoided  with  proper  care  and  knowledge. 

RAPIDS. 

The  rapids  properly  begin  at  Two-calf  island,  and  are  obstnicted  by 
rocky  reefs,  or,  as  in  the  majority  of  cases,  by  boulders  congregated  so 
as  to  partially  dam  the  stream,  rendering  the  channel  tortuous  and  diffi- 
cult. All  of  the  rapids,  even  at  low  water,  have  a  sufficient  depth  of 
water  over  the  channel  bed  to  carry  boats  adapted  to  the  mountain  trade, 
provided  the  channel  be  cleared  of  obstructions  and  several  of  the  minor 
islaud  chutes  closed  so  as  to  throw  the  water  into  the  main  channel. 

Throughout  the  rapids  section  the  river  bed  is  subject  to  but  slight 
change;  the  channel  does  not  shift;  the  water  is  free  from  sediment; 
the  banks  cut  but  very  little,  and  are  sparsely  timbered;  snags  but 
seldom  occur,  and  the  bars,  all  of  gravel,  are  permanent. 

Betw  een  the  rapids  the  channel  gives  from  three  to  10  feet  water,  and 
although  studded  with  boulders,  is  perfectly  safe  wlien  run  with  care. 
Between  Two-calf  island  and  Fort  Benton  there  are  15  rapids,  more  or 
less  difficult,  the  principal  of  which  are  Cow  island.  Snake  Point,  Dau- 
phin's, Drowned  Man's,  and  Marian.  Should  these  live  be  well  cleared, 
navigation  will  be  insured  until  the  1st  of  October  each  season.  The 
other  rapids  are  simply  difficult,  not  impassable,  at  any  season.  They 
are  known  as  Two-calf,  Bird,  Bear,  Lone  Pine,  Holmes,  Pablos,  Nos.  1, 
2,  and  3,  and  Kiddes. 

The  rapids  are  the  only  points  above  Fort  Randall  warranting  inprove- 
ment*  That  their  improvement  is  of  importance  will  be  clearly  proved 
by  -reference  to  the  appended  commercial  statistics.  The  expense  of 
improvement  wiU  be  fully  repaid  the  government  in  a  single  year  by  the 
decreased  rate«  of  freight  incident  to  increased  safety  and  certainty  of 
navigation,  and  by  dispensing  with  expensive  wagon  transportation  from 
Cow  island.  The  improvements  neeessary  will  be  of  the  simplest  kind, 
as  shown  by  the  following  description  and  annexed  sketches: 

TWO-CALF  ISLAND. 

Two-calf  island  is  at  the  foot  of  the  rapids  section.  At  this  point  the 
river  is  divided  into  three  parts  by  two  small  islands,  the  greatest  depth 
of  water  being  found  in  the  right  and  middle  chutes,  each  about  40  yards 
in  width  and  giving  from  three  to  six  feet  water.  The  middle  chute, 
w^hich  is  now  the  navigable  channel,  branches  from  the  right-haml  chute 
below  the  head  of  the  larger  island,  and  re-enters  it  before  uniting  with 
the  left  chute  below\  The  water  is  deflected  from  its  natural  direction 
and  thrown  into  this  middle  channel  by  a  rocky  bar  formed  across  the 
right  chute  by  the  washings  of  a  large  ravine.  Should  this  bar  be  re- 
moved and  its  cause  guanled,  the  bulk  of  the  stream  \vould  naturally 
seek  the  right  shore  and  make  a  safe,  deep,  and  permanent  channel 
through  the  right  chute,  completely  closing  the  middle  one. 

The  middle  chute  branches  from  the  right  at  such  an  obtuse  angle  that 
boat8  are  obliged  to  send  a  hawser  ahead,  both  in  passing  up  and  return- 
ing to  prevent  being  driven  on  the  bar  and  damaged.  The  left  channel 
is  never  used  excei)t  in  high  water. 

40  w— Part  II 
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TO  IMPROVE  TWOCALF  ISLAND. 

To  improve  this  point  I  propose  the  removal  of  the  bar  in  the  right 
chute,  and  that  a  boulder  dam  be  thrown  across  the  ra\ine  100  yards 
above  its  mouth  to  detain  future  drift  from  that  quarter.  Owing  to  want 
of  time  my  observations  w  ere  not  sufficiently  minute  to  warrant  detaUed 
estimates  of  time  and  labor  required  to  make  the  proposed  improvement 
but  approximate  estimates  will  be  found  appended  with  sketch. 

In  i>assing  up  the  next  point  worthy  of  improvement  is  the  crossing 
at  the  head  of  Grand  island.  This  is  obstructed  by  a  gravel  bar  extend- 
ing across  the  main  channel  from  Grand  island  to  the  foot  of  a  small 
island  above,  and  giving  but  30  inches  in  the  crossing.  About  one-fourth 
of  the  water  is  diverted  from  the  natural  channel  by  the  two  island 
chutes.  If  these  were  closed  a  fair  channel  three  feet  deep  would  be  cut 
through  the  bar,  and  the  troublesome  suck  through  the  Grand  Islaud 
chuti^  removed.  The  present  crossing  is  very  square,  and  after  sparring 
over  the  bar  boat«  are  liable  to  swing  into  the  head  of  the  chute  and 
giound,  a«  did  the  steamers  Miner  and  Only  Chance  on  their  second  trip 
this  season. 

cow  ISLAND. 

At  Cow  island  the  river  is  again  divided  into  three  channels,  the  prin- 
cipal of  these  following  the  left  shore  and  gi^ing  three,  four,  and  five 
feet  of  water  ott*  the  rocks.  The  only  obstructions  are  loose  boulders 
irregularly  distributed  over  the  bottom,  and  rendered  tix)ublesome  by 
the  rapidity  of  the  cuiTent. 

IMPROVE^EENT. 

To  improve  these  rapids  it  will  only  be  necessary  to  clear  a  direct 
channel  through  these  boulders  so  that  boats  may  keep  head  to  the  ciu*- 
rent  in  going  up.  With  time  further  improvement  might  be  made  by 
closing  the  right  chute,  by  which  the  left  channel  will  be  considerably 
deepened. 

SNAKE  POINT. 

At  Snake  Point  a  ledge  of  rocks,  with  boulders  lodged  upon  it,  start- 
ing from  the  left  shore,  runs  obliquely  across  the  channel  to  the  lower 
right-hand  shore,  having  near  its  center  a  gap  wide  enough  and  deep 
enough  for  the  passage  of  boats,  but  infested  with  boulders  and  obliqne 
to  the  current,  so  that  boats  passing  up  are  not  only  in  danger  of  strik- 
ing boulders  in  the  gap,  but  are  also  in  danger  of  swinging  on  the  reef 
below.  In  passing  down  there  is  yet  greater  danger,  and  it  is  usual  to 
drop  through  with  bow  and  stern  lines.  By  clearing  the  gap  of  boulders 
the  channel  will  be  made  a^s  good  as  in  other  portions  of  the  river. 

BIRD,  BEAR,   LONE  PINE. 

At  Bird,  Bear,  and  Lone  Pine  rapids  a  few  boulders  might  be  removed 
to  the  great  benetit  of  those  points;  but  1  would  not  recommend  .vork 
on  them  until  more  troublesome  points  are  improved,  since  tluy  can  be 
safely  passed,  with  proper  care,  at  all  seasons  of  the  yeai*  when  the  other 
rapids  are  passable. 
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dauphin's. 

Dauphin's  rapids,  the  highest  point  on  which  I  can  report  from  per- 
sonal ins|>ection,  is  considered  the  most  difficult  of  the  series  of  rapids. 
It  is  the  lirst  to  become  impassable,  and,  except  in  very  favorable  sea- 
sons, is  the  terminus  of  the  second  trip  of  the  season.  But  one  boat  of 
the  mountain  fleet  passed  it  on  the  second  trip  this  year,  and  she  only 
succeeded  after  clearing  a  number  of  rocks  from  the  channel,  and  sus- 
taining very  considerable  injury  about  her  hidl.  The  river  is  here 
ol)stru(!ted  by  a  rocky  chain  across  the  channel,  with  loose  boulders 
loilged  above  and  below. 

As  with  the  other  rapids,  the  plan  of  improvement  proposed  contem- 
plates clearing  a  direct  channel  through  these  boulders  and  blasting 
through  the  reef.  At  the  head  of  the  rai)ids  a  small  island  divides  the 
current,  and  both  chutes  have  been  used  by  boats;  but  from  the  best  of 
my  observation  the  channel  along  the  left  shore  is  best  adapted  to 
imi»rovement,  and  may  have  all  the  water  thrown  into  it  by  damming 
the  right  chute  at  the  head  of  the  island.  By  improving  only  this  one 
lM)int  two  trips  from  St.  Louis  to  Benton  will  be  insured  to  the  regular 
mountain  fleet  each  year. 

OTHER  RAPIDS. 

Of  those  rapids  above  I  can  only  report  on  information  derived  from 
others.  Drowned  Man's,  and  the  rapids  near  the  mouth  of  the  Marias 
river,  are  considered  the  only  i)oints  of  real  difficulty  after  leaving  Dau- 
phin's, and  they  are  only  represented  as  obstructed  by  boulders  which, 
when  removed,  will  leave  a  good  channel. 

BOAT  FOR  SERVICE  IN  CLEARING  THE  RAPIDS. 

To  effect  the  improvements  above  recommended  to  be  made  in  the 
rapid  sc^ction  of  the  river,  I  would  propose  the  building  of  a  boat  spe- 
cially adapted  to  the  service — a  small  side-wheel  steamer  with  strong 
engines,  and  draught  not  to  exceed  18  inches,  strongly  built  forward  to 
sustain  a  denick  capable  of  lifting  ten  tons,  to  be  used  in  removing 
loose  rocks;  to  be  provided  with  tools  for  drilling  rocks  and  materials 
for  blasting;  to  carry  a  crew  of  from  15  to  20  able-bodied,  intelligent 
men,  and  to  be  otherwise  equipped  as  the  most  approved  steamers  of 
the  mountain  fleet.  I  annex  details  of  a  suitable  steamer,  drawn  up  and 
recommended  by  Mr.  E.  M.  Shield,  with  estimate  of  cost  of  construction 
and  working.  Witli  the  steamer  and  crew  proposed,  all  the  necessary 
improvements  can  be  made  in  a  single  season  of  three  months,  begin- 
ning on  the  1st  of  July  and  ending  on  the  1st  of  October,  and  at  an 
expense  much  less  than  would  be  warranted  by  the  imi)ortance  of  the 
work. 

SNAGS. 

In  consideration  of  the  vastness  of  the  work,  even  should  it  be  deemed 
desirable,  I  would  not  recommend  an  attempt  to  clear  the  river  of  snags 
above  Fort  Randall.  The  vastly  greater  importance  of  the  lower  river 
and  its  more  obstructed  condition  call  for  thorough  and  speedy  atten- 
tion, and  is  deserving  of  all  the  etl'orts  that  can  be  made  to  clear  it.  The 
yearly  loss  in  this  portion  of  the  river  from  snags  alone  averages  half  a 
million  of  dollars,  and  injures  the  spirit  of  river  enterprise  to  a  much 
more  serious  extent.    With  two  of  the  snag  boats  now  in  \)\:vivvv^^^  \:>1  \iq>\!l 
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Rtniction  the  channel  may  be  thoronghly  cleared  of  those  dangerous 
obstructions  in  a  single  season  from  Kandall  to  St.  Lonis. 

The  8(»ason  favorable  for  operations  begins  about  the  middle  of  July, 
and  continues  until  the  middle  of  October,  after  which  the  river  beeomes 
80  low  that  navigation  is  practically  suspended  for  all  except  steamers 
of  the  lightest  draught.  For  probable  expense  of  a  single  season's  o\^' 
rations  1  refer  to  annexed  estimate. 

Owing  U^  the  changeable  nature  of  the  river-bed  and  the  continual 
additions  of  fresh  deposits  from  cutting  banks,  it  will  be  necessary-  to 
employ  one  boat  during  each  season,  for  a  u umber  of  years,  on  this  duty, 
after  which  work  may  be  suspended  for  a  time,  but  must  be  resumeil  at 
intervals  of  a  few  years,  so  long  as  the  importance  of  river  transporta- 
tion will  warrant  the  expense. 

^  WRECKS. 

As  might  be  expected  from  the  character  of  the  river,  a  great  number 
of  wrecks  lie  sunken  in  this  lower  section,  but  the  great  majority  of  them 
at  i)resent  are  not  in  the  way,  and  pilots  are  familiar  with  their  posi- 
tions. Many  of  them  have  been  partially  removed  by  the  under\mt4?rs, 
leaving  but  the  hull  and  wheels,  so  that  the  labor  of  clearing  them  out 
of  the  channel  has  been  greatly  simplified.  I  would  recommend  the 
employment  of  the  steamer  Totten  during  the  months  of  August  and 
September,  18G8,  in  the  removal  of  those  deemed  dangerous  or  likely  to 
become  so. 

BARS. 

To  free  the  riv^er  from  the  troublesome  sand-bars  wiiich  choke  and 
complicate  its  channel  for  a  distance  of  2,500  miles,  although  practica- 
ble, would  yet  involve  an  outlay  not  warranted  by  the  present  importance 
of  the  stream.  It  w^ould  be  necessary  to  protect  the  banks  for  that  dis- 
tance from  the  cutting  action  of  the  current,  and  to  so  confine  the  water 
way  as  to  give  a  constant  channel.  This  is  of  course  not  contemplated, 
and  may  never  be  deemed  advisable. 

Boats  must  clear  their  own  way  in  the  future  as  they  have  done  in  the 
past,  but  with  better  machinery.  The  old  system  of  sparring,  though 
generally  achieving  its  purpose,  is  yet  too  clumsy  and  at  times  ineffi- 
cient. A  machine  for  ploughing  through  bars  might  be  made  a«  effec- 
tive as  the  snow  plow  in  use  on  our  railroads,  and  even  more  eflfective, 
for  the  material  of  bars  is  of  that  kind  easily  moved  by  the  current,  and 
when  slightly  disturbed  is  quickly  rolled  away  by  the  rush  of  water  past 
the  bows  of  a  vessel. 

SPARRING. 

In  sparring  advantage  is  taken  of  this  instability  of  sand-bars.  The 
forward  part  of  the  boat  is  lifted  bodily  upon  the  bar,  pushed  forward 
by  the  engines  and  allowed  to  settle  down  upon  the  sand,  the  current 
rapidly  washes  underneath  the  hull,  and  the  operation  is  repeated  as 
fast  as  the  spars  can  be  taken  up  and  reset.  This  mode  is  tedious  and 
dependent  on  the  height  of  the  bar  and  velocity  of  the  current  but  with 
ordinary  bars,  though  slow,  is  successful  w^hen  properly  directed. 

A  light  plowing  machine  in  front  of  each  boat  with  strong  engines  to 
push  the  vessel  ahead  would  be  more  ettective,  more  expeditious,  le^ss 
expensive,  and  less  cumbersome,  involving  less  wear  and  tear  of  tackle, 
and  avoiding  racking  the  huU. 
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FUEL. 

This  important  item  in  the  economy  of  the  river  is  found  in  abundance 
between  St.  Louis  and  Fort  Rimdall  ready  cut  and  dried  for  use.  Wood- 
yards  are  at  convenient  intervals  and  prices  reasonable.  From  Randall 
to  Fort  Buford  firewood  is  scarce,  although  green  timber  exists  in  re^ 
sonable  quantity.  Boats  depend  for  the  greater  part  of  tbeir  supply 
upon  the  drift  found  lodged  upon  points  and  bottoms;  nomadic  wood- 
choppers  occasionally  appear,  but  tbeir  tenure  is  too  precarious  for 
dependence,  and  steamers  receive  but  little  benefit  from  their  services. 
Above  Fort  Buford,  and  until  entering  the  rapids  section,  wood  is 
abundant;  large  Cottonwood  deadenings  presenting  themselves  at  short 
intervals,  and  making  excellent  wooding  stations. 

COilMERCE. 

The  commei-ce  of  the  Missouri,  although  not  equal  to  the  natural 
demands  of  the  country  dependent  upon  it,  is  steadily  increasing  in 
importance  and  will  continue  its  growth  to  meet  the  necessities  of  our 
northern  territories  as  tlieir  resources  are  developed,  and  navigation  is 
ren<lered  more  safe  and  si)eedy.  At  present  the  commerce  above  the 
rapids  is  concentrated  at  the  two  ports,  Camp  Cooke  and  Fort  Benton ; 
the  former  receiving  only  army  and  sutler's  supplies  for  the  military 
post  established  there,  and  the  latter  receiving  supplies  for  the  mining 
country  of  Montana,  for  the  military  posts  of  Fort  Benton  and  Sun  river, 
and  for  the  northern  Indians. 

During  the  season  of  18G7,  43  steamboats  engaged  in  this  trade  cleared 
from  the  port  of  St.  Louis ;  of  these  one  made  two  round  trii^s.  Two  on 
the  second  trip  were  unable  to  pass  Dauphin's  rapids,  and  left  their 
freight  at  Cow  island;  one  on  the  first  trip  could  get  no  higher  than 
Fort  Hawley,  and  the  steamer  Imperial  on  the  first  trip  discharged 
freight  at  Cow  island,  and  is  now  on  her  return,  last  reported  November 
20,  at  St.  Joseph,  with  300  passengers  and  a  large  consignment  of  specie. 
The  J.  H.  Prover  was  wrecked  at  Point  au  Poche,  the  Nora  sunk  near  De 
Soto,  the  Deer  Lodge  had  her  shaft  broken  by  drift  near  Decatur,  and 
gav^e  up  her  second  trip. 

Of  the  freight  carried  by  this  fleet  2,095  tons  belong  to  government, 
and  5,906  to  private  parties,  making  a  total  of  8,001  tons  dependent  on 
the  navigation  of  the  rapids  section  of  the  river.  Of  the  return  cargoes 
1  can  give  but  little  information.  Hides,  peltries,  gold,  silver,  and  cop- 
per are  the  only  exports,  and  all  seek  river  transportation. 

It  is  safe  to  say  that  five-sixths  of  the  mining  products  of  Monttma 
reach  the  east  by  way  of  Missouri  river.  The  passenger  traffic  is  also 
an  item  of  considerable  importance,  and  it  is  estimated  that  10,000  per- 
sons diuing  this  season  have  taken  this  route  to  and  from  Montana,  at 
an  average  rate  of  $150  each,  making  a  total  of  $1,500,000  for  payment 
of  passages. 

It  is  not  expected  that  the  river  will  in  the  future  be  the  passenger 
route  to  Montiina,  for  the  reason  that  the  trip  can  be  made  in  much 
shorter  time  by  the  way  of  the  Western  Pacific  railroad,  and  stage  to 
the  mines.  Indian  troubles  may  influence  a  few  travelers,  but  the  great 
majority  will  naturally  seek  the  shortest  and  most  speedy  route,  with  its 
attendant  risks.  Travel  from  Montana  in  the  spring  and  summer  will, 
however,  be  by  the  river,  the  boats  then  being  able  to  compete  success- 
fully in  point  of  time  with  the  stage  route,  besides  furnishing  a  safer  and 
more  pleasant  mode  of  traveling. 
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Nor  docs  the  river  at  present  enjoy  a  monopoly  of  the  Montana  tra<le 
owing  to  the  high  rate  of  river  transportation,  the  present  uncertainty 
of  navigation  and  insufficient  number  of  boats  employed. 

It  has  been  found  necessary  and  economical  to  transport  by  wagoa 
trains  from  Utah,  California,  and  the  terminus  of  the  Union  Pacific  rail- 
road, a  large  proportion  of  the  breadstuff's  and  sundries  consumed  in  the 
Territory. 

By  removing  difficulties  of  navigation  this  trade  will  naturally  be 
directed  to  the  east.  Rates  will  be  reduced.  A  large  fleet  employed  on 
the  river  and  the  prosperity  of  Montana  and  of  the  river  interest,  mutu- 
ally dependent,  will  rapidly  increase. 

In  view  of  this  mutual  dependence,  projects  have  been  set  afoot,  for 
railroad  comnuinication  between  Helena,  the  capital  of  Montana,  and  the 
river.  A  railroad  from  the  mouth  of  the  Muscle  Shell  river  is  deemed 
feasible,  thus  cutting  off*  the  rapids. 

With  the  rapids  improved,  a  railroad  from  Fort  Benton  would  l>e 
desirable.  Montana  is  a  thrifty  growing  country,  but  its  gi-owth  is 
greatly  retarded  by  difficulty  of  communication.  Even  should  it  be 
attempted  to  overcome  the  difficulty,  by  a  railroad  fix>m  the  Muscle 
Shell,  or  a  branch  from  the  Union  Pacific  railroad,  years  will  necessarily 
elapse  before  such  roads  can  be  made  of  use,  and  in  the  mean  time  the 
Missouri  river  must  retain  its  importance. 

Taking  such  views  of  the  case,  I  esteem  the  improvement  of  the  rapids 
of  the  upper  Missouri  not  only  a  necessity,  but  a  duty  the  government 
owes  to  a  Territory  that  promises  to  be  one  of  our  most  flourishing  States, 
and  a  portion  of  that  mountain  belt  whose  settlement  will  do  more 
towards  settling  the  Indian  question  than  can  be  done  by  a  i>owerful  and 
expensive  army. 

In  the  middle  section  of  the  Missouri  the  ports  are  only  at  military 
or  fur-trading  posts,  and  are  enumerated  as  follows:  Fort  Thompson, 
New  Fort  Sully,  Fort  Kice,  Fort  Stevenson,  Fort  Berthold,  Fort  Bufoitl, 
and  Fort  Hawley.  Consignments  to  these  posts  are  either  military  sap- 
plies,  Indian  annuities,  or  the  goods  of  fur  traders.  During  the  se^ison 
of  18(>7  28  cargoes  were  cleared  from  St.  Louis  for  these  several  i>oints, 
amounting  to  8,094  tons,  of  which  government  shipped  5,832  tons,  and 
private  parties  2,202  tons.  The  receipts  from  these  ports  are  hide^ 
horns,  and  peltries  from  the  fur  companies. 

The  number  of  passengers,  though  not  great,  is  yet  considerable, 
mostly  officers  and  soldiers  coming  from  and  returning  to  their  posts. 

The  lower  section  of  the  river,  that  is,  from  St.  Louis  to  Fort  liiindall, 
has,  of  necessity,  from  tlie  fact  of  its  winding  through  a  fertile  and  well 
populated  country,  the  greatest  commercial  value,  besides  carrying  all 
the  commerce  of  the  u}>i)er  river;  its  own  packet  trade  is  perhaps  Jis 
considerable  as  that  of  any  western  river,  and  its  through  trade  from  its 
great  commercial  center,  St.  Louis,  though  comi)eting  with  railroad 
transportation,  is  of  fair  importance. 

From  the  1st  of  February,  18(i7,  to  the  1st  of  October,  1867,  from  St 
Louis  212  clearances  are  recorded  for  this  section,  and  100  arrivals.  Of 
the  trade  from  St.  Charles,  Fort  Leavenworth,  St.  Joseph,  and  other 
imi)ortant  points  along  the  section,  I  am  unable  to  furnish  information 
further  than  to  say  that  it  is  very  considerable. 

The  government  freight  transported  on  this  section  amounted  during 
the  above  eight  months  to  6,000  tons,  and  was  consigned  to  Fort  Leaven- 
worth and  Omaha. 

For  details  of  exports  and  receipts  at  the  port  of  St.  Louis  I  will  refer 
to  the  tables  annexed  and  furnished  me  by  courtesy  of  Mr  George  H. 
Morgan  J  secretary  of  tlie  TJxi\oii^l^Ye\va\iV^  Y^^^iXviMi^e^  St.  Louis. 
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For  annexed  list  of  government  freight,  I  am  indebted  to  Brevet 
Lieutenant  Colonel  C,  W.  Thomas,  United  States  army. 

Navigation  opens  on  the  lower  Missouri  on  the  breaking  up  of  the  ice 
about  the  last  of  February  or  the  tirst  of  March,  and  continues  good 
until  the  first  or  middle  of  September,  when  the  river  becomes  so  low  as 
to  cause  great  trouble  from  barsj  boats,  however,  continue  running  until 
late  in  November,  or  in  favorable  seasons,  until  December,  when  ice 
closes  the  season.  For  the  middle  section  the  channel  is  good  until  the 
1st  of  August  above  the  Yellowstone,  and  until  the  middle  of  August 
below.  From  the  latter  period  until  the  1st  of  November  the  channel  is 
full  of  bars  and  difficult.  Boats  have  cleared  from  Fort  Butbrd  after 
the  1st  of  November,  but  at  great  risk. 

In  the  upper  section  but  little  trouble  is  anticipated  until  the  1st  of 
August;  after  that  the  rapids  become  quite  impassable  in  ordinary 
seasons.  The  first  boats  for  Fort  Benton  start  from  St.  Louis  the  latter 
part  of  March,  and  encounter  floating  ice  on  the  spring  rise,  above  Ran- 
dall. With  boats  specially  built  for  the  mountain  trade,  the  up  trip  is 
made  in  00  to  65  days,  the  return  in  15  to  20  days.  On  the  second  trip 
the  time  to  Benton  ranges  from  50  to  60  days. 

During  the  last  season  many  boats  not  adapted  to  the  river  attempted 
the  trip  to  Benton  and  without  success.  The  Centralia  started  June  12, 
and  was  82  days  in  reaching  Fort  Hawley;  35  on  return. 

The  Imperial  started  May  17th,  and  was  Sd  days  in  making  Cow  island; 
other  boats  made  equally  long  trii)s.  The  increasing  demands  of  the  up 
river  trade  caused  this  addition  to  the  mountain  fleet,  and  has  proven 
the  impolicy  of  sending  any  but  light  draught  powerfid  steamers  to  Fort 
Benton,  except  at  the  commencement  of  the  season. 

Parties  interested  in  the  upper  river  begin  to  recognize  the  necessity 
of  a  higher  initial  point  than  St.  Louis.  Sioux  City  will  probably  soon 
become  the  rendezvous  of  the  mountain  fleet,  since  from  that  point  the 
trip  will  be  much  shortened,  the  dangers  of  the  lower  river  avoided,  and 
two  round  trips  to  Benton  assured.  Kates  of  freight  and  insurance  will 
be  gi'eatly  reduced,  and  the  commercial  interests  of  Chicago  will  come  in 
direct  competition  with  those  of  St.  Louis,  cheapening  the  value  of  goods 
to  the  consumer  in  Montana.  Should  it  be  decided  to  communicate  w  ith 
the  river  by  wagon  trains,  at  the  mouth  of  the  Muscle  Shell,  boats  can 
make  from  four  to  five  trips  in  a  season,  with  ease,  by  starting  from 
Sioux  City,  thus  diverting  the  whole  Montana  trade  to  the  river.  The 
map  of  the  river,  now  being  nmde  under  my  direction,  will  not  be 
finished  until  late  in  February,  when  it  will  be  submitted. 

For  details  of  my  tour  of  inspection  of  the  obstructions  in  the  river, 
and  of  the  river  commerce,  I  refer  you  to  the  papers  accompjinying  this 
report-  For  kind  attention  and  material  assistance  in  performing  the 
duty  intrusted  to  me  I  am  greatly  indebted  to  Captain  Hawley  and  the 
officers  of  the  steamer  Miner. 

For  many  civilities  and  much  useful  information,  thanks  are  due  to 
officers  of  the  army  stationed  at  the  various  military  posts  along  the 
river. 

In  conclusion,  I  have  the  honor  to  be,  sir,  very  respectfully,  your  obe- 
dient servant, 

C.  W.  HOWELL, 
Captaiti  Engineers,  Brevet  Major  U.  S.  A. 
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CiNcmNATi,  November  21  j  1867. 

Sir:  In  view  of  the  requirement  of  boats  having  a  light  draught  of 
wat^r,  and  of  suflBcient  strength  to  undergo  the  service  of  removing  sDags 
and  other  obstructions,  I  wouhl  recommend  the  following  dimensions  as 
suitable  for  such  service,  premising,  however,  that  slight  alterations  may 
be  found  acceptable  on  the  examination  of  the  details  of  construction. 

HULL. 

Hull  to  be  one  hundred  and  thirty  feet  in  length.  Thirty  feet  breadth 
of  beam,  and  five  feet  depth  of  hold ;  the  bow  of  boat  to  be  what  is  termed 
a  scow,* to  rake  twelve  feet  before  intersecting  the  bottom  of  hull;  the 
width  of  bow  to  be  twenty  feet  of  straight  line,  intersected  by  a  curv^  of 
five  feet  of  a  side  from  the  extreme  breadth  of  beam;  the  stems  of  the 
bows  to  have  a  butting  beam,  sixteen  by  twenty  inches,  securely  bolted 
and  fastened,  and  the  timbers  of  hull  to  come  in  union  with  the  butting 
beam,  and  bolts  running  athwart  ship  to  bind  the  same;  three  bulk- 
heads running  the  entire  length  of  hull,  and  divided  equally  as  to  breadth 
of  beam,  and  running  longitudinally,  connecting  with  butting  beam  la 
bow  of  boat.  The  hull  will  be  decked  in  the  usual  manner  of  steamboats, 
but  only  a  sufficient  amount  of  guard  i)rojecting  from  hull  to  carry  the 
wheels  for  the  propelling  of  the  boat. 

MACHINERY. 

The  machinery  will  consist  of  two  engines  and  a  like  number  of  boilers 
of  such  dimensions  as  may  be  found  necessary  for  the  proper  propelling^ 
of  the  boat;  two  auxiliary  engines,  one  of  sufficient  power  to  drive  the 
hoisting  apparatus  located  on  the  bow,  which  may  consist  of  a  craue  or 
shears.  The  other  engine  will  be  applied  to  the  capstan;  the  steam  used 
for  these  engines  will  be  taken  from  the  boilers  which  are  used  for  sup- 
plying the  propelling  engines. 

CABIN. 

The  cabin  will  require  length  sufficient  for  the  accommodation  of  the 
usual  officers  necessai-y  to  man  the  boat. 
Your  obedient  servant, 

'E.  M.  SHIELD. 
Major  0.  W.  Howell, 

Captain  of  Engineers  U,  8.  A. 


Monthly  expenses  of  the  mountain  steamer  Miner ^  Captain  Hawley. 

WAGES  OF  CREW. 

• 

Captain $300  00 

Mate  . .  /. 200  00 

1  clerk 150  00 

2  pilots. '. 1, 100  00 

2  engineers. 300  00 

4  firemen 200  00 

1  steward 290  00 

1  carpenter 150  00 

1  watchman 50  00 
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2  deck  hands $100  00 

20  roustabouts,  at  $40 800  00 

Wages  of  crew  for  one  month 3, 640  00 

Stores,  provisions,  &c.,  $64  per  day 2, 240  00 

Expenses,  outfit,  wear  and  tear,  fuel,  &c 890  00 

Total 6,  770  00 

Five  months,  $33,850  less  than  pilots'  wages. 

Including  2  cooks,  2  cabin  boys,  1  chambermaid,  can  be  cut  down  to 
$30  when  no  passenger^  are  carried;  cut  down  one-half  when  no  passen- 
gers, and  with  new  boat,  and  with  greater  economy  of  fuel.  Miner  burns 
30  cords  Cottonwood  or  24  cords  hard  wood  per  da  v. 

.  GEORGE  8EAMA^^, 

Clerk  of  ISteamer  Miner. 


DetaiU  of  crew  proposed  an  a  stmmerfor  improving  the  rapids  of  the  upper 

Missouri, 

Captain  (an  officer  of  engineers  in  charge  of  work.) 

1  mate,  per  month $200  00 

1  clerk,  per  month 150  00 

2  pilots,  per  month 1, 200  00 

2  engineers,  per  month 300  00 

4  firemen,  per  mouth 200  00 

2  a.ss\stant  engineers,  per  month 100  00 

1  steward,  2  cabin  boys,  2  cooks  1  chambermaid 300  00 

1  can)enter,  per  montli 150  00 

2  deck  hands,  per  month  , 100  00 

15  roustabouts,  at  $40  per  month 600  00 

Total  crew  32;  total  wages  (one  month) 3, 300  00 


C.  W.  HOWELL, 
Captain  of  Engineers^  Brevet  Major  U.  S.  A, 


Estimated  cost  of  building  and  equipping  a  steamboat  for  service  in  improv- 
ing the  rapids  of  the  Upper  Missouri  river.  Estimate  made  by  Mr.  E.  M. 
Shield^  principal  assistant  civil  engineer  western  river  improvements. 

Building  of  hull  and  attachments $9, 000  00 

Boilers,  engines,  and  machinery Vij  000  00 

Cabin  and  joiners'  work 3, 000  00 

Painting 1, 000  00 

Blocks  and  tackle,  outfit  of  cabins,  cordage,  chains,  &c 4, 000  00 

ToUl 29,000  00 
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Estimated  cost  of  working  the  boat  estimated  above  for  five  months. 

Wages  of  crew : $16,500  00 

Provisions 5, 400  00 

Fuel 1, 000  00 

Blasting  powder 1, 000  00 

23, 900  00 


Estimate  of  monthly  waffes  of  officers  and  crew  of  light-water  »nag-hoat. 

Captain $150  00 

Mate l:i5  00 

Clerk 100  00 

1st  engineer 150  00 

2d  engineer 100  00 

Assistant  engineer  and  blaeksniitli 75  00 

Pilot 300  00 

Steersman  / 50  00 

Carpenter 75  00 

Steward 75  00 

Cook 75  00 

2  boys  for  cabin  and  cook  house ^ 50  00 

Watchman 50  00 

2  firemen,  at  $35  per  month 70  00 

8  deck  hands,  at  $30  per  month 240  00 

1,085  00 


E.  M.  SHIELD. 


June  28, 1867,  6  p.  m. — In  obedience  to  orders  from  Colonel  John  N. 
Macomb,  corps  of  engineers  United  States  army,  dated  office  of  West- 
ern liiver  Improvements,  Cincinnati,  Ohio,  June  24, 1867,  I  to-day  started 
from  Cincinnati  en  route  for  Omaha,  Nebraska,  via  Chicago,  Illinois.  I 
is  my  intention  to  retich  Omaha  on  the  afternoon  of  June  30,  in  time  to 
secure  passage  for  Fort  Benton,  Montana  Territory,  on  the  steamer 
Deer  Lodge,  which  leaves  Omaha  on  the  1st  of  July.  I  have  secured, 
as  an  assistant  on  the  duties  specified  in  my  orders,  Major  F.  Von  Wer- 
ner, a  stranger  to  me,  but  having  very  complimentary  letters  of  recom- 
mendation from  several  distinguished  officers,  under  whom  he  served  as 
a  stall'  officer  during  the  rebellion. 

I  have  directed  him  to  collect  such  instruments  and  materials  as  may 
be  required  for  surveys  and  sket<5hing,  and  with  them  to  overtake  me 
at  Omaha  or  Sioux  City,  with  as  little  delay  as  possible. 

June  29, 1867. — I  arrived  in  Chicago  1  p.  m.,  and  left  via  Chicago  and 
Northwestern  railroad  3  p.  m.,  crossing  the  Mississippi  river  shortly 
after  dark. 

Jwie  30,  1867. — Arrived  at  Ames  station,  Iowa,  8  a^  ni.,  and  was 
detained  to  1  p.  m.,  awaiting  repairs  to  a  broken  bridge,  one  mile  we^t 
of  station.    Beached  Council  Bluffs  9  p.  m.,  and  owing  to  the  high  stage 
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of  the  Missouri  could  not  cross  during  the  night.  I  am  informed  that 
the  river  is  over  its  banks  at  the  usual  ferrj^-landing,  and  ferry-boats 
only  run  during  the  day,  landiug  live  miles  above  the  city. 

July  1,  18G7. — AiTived  in  Omaha  12  noon,  two  hours  after  the  depart- 
ure of  the  Deer  Lodge,  and  from  the  best  information  1  could  gain, 
thought  it  best  to  await  the  arrival  of  the  steamer  Last  Chance, 
reported  due  on  the  2d  or  3d. 

July  2, 1867. — Omaha  is  a  city  containing  from  8,000  to  10,000  inhab- 
itants, and  derives  its  importance  from  being  the  easteni  terminus  of  the 
Union  Pacific  railroad.  Its  interests  are  sustained  and  forwarded  by 
eastern  cai)italists  and  speculators,  on  the  supposition  that  it  will  remain, 
at  least  for  a  number  of  years,  the  great  entrepot  for  the  commerce  of 
the  country  west  and  north.  It  is  at  i)resent  a  large  depot  for  the  sup- 
ply of  our  troops  on  the  plains,  and  enjoys  a  lucrative  trade  with  the 
Territories  of  Idaho  and  Montana;  receiving  its  supplies  by  rail  from 
Chicago,  and  by  river  from  St.  Louis.  It  is  rapidly  increasing  in  wealth 
and  population,  but  as  there  is  no  agricultural  country  to  the  west,  on 
which  it  can  depend,  it  can  never  expect  to  be  more  than  a  distributing 
I)oint  for  eastern  products,  and  will  soon  outgrow  the  limited  demands 
for  those.  In  case  the  railroad  bridge  across  the  Missouri  is  constructed 
at  Bellville,  fifteen  miles  below  Omaha,  we  may  expect  to  see  the  lat- 
ter city  sink  to  a  second  place  as  a  commercial  point,  and  gradually 
decay.  The  business  portion  of  the  city  is  built  on  the  bluffs  above 
overflow;  the  railroad,  and  buildings  connected  with  it,  are  located  on  a 
sand  flat  beneath  the  bluffs,  and  at  this  time  surrounded  by  water. 

Not  hearing  from  the  Last  Chance,  I  telegraphed  to  St.  Louis  for 
information,  and  on  receipt  of  answer  concluded  to  overtake  the  Deer 
Lodge,  if  possible,  at  Sioux  City  or  Fort  Kandall.  This  is  made  possible 
by  reason  of  the  tortuous  course  of  the  river ;  the  trip  by  boat  consum- 
ing from  three  to  four  days,  and  by  stage  but  24  hours. 

July  3,  1867. — Starting  from  Omaha  10  a.  m.,  I  arrived  at  Council 
Bluff's  station  12  m.,and  at  St.  John's  1  p.  m.,  where  I  took  stage  3  p.  m, 
for  Sioux  City,  a  distance  of  100  miles.  St.  John's  is  a  village  of  six 
months'  growth,  at  the  Junction  of  the  Sioux  City  branch  of  the  Chicago 
and  Xorthwestern  railroad.  The  branch  is  but  just  commenced,  but 
I  am  informed  is  being  pushed  rapidly  forward,  and  will  be  completed 
during  the  coming  winter,  making  Sioux  City  tlie  most  northern  pomt 
on  the  Missouri  river,  having  railroad  communication  with  the  east. 

The  stage  road,  after  leaving  St.  John's,  runs  for  40  miles  through  a 
hilly  country,  sparsely  settled  and  timbered;  it  then  strikes  the  bottom 
lands  below  the  mouth  of  the  Little  Sioux  river,  and  does  not  again 
turn  into  the  hills  until  reaching  Sargent's  bluffs,  a  few  miles  below 
Sioux  CAty.  Through  the  bottom  lands  the  road  is  but  a  trail,  and  at 
many  points  is  subject  to  overflow.  The  soil  is  a  rich  alluvion,  well 
adapted  to  farming  and  grazing.  The  higher  portions  of  the  bottom 
are  well  timbered  with  a  vigorous  growth  of  cottonwood.  On  reaching 
the  Little  Sioux  bottom,  9  p.  m.,  I  found  the  road  flooded  nearly  to  the 
top  of  the  x>rairie  grass  for  a  distance  of  nearly  five  miles ;  the  overflow 
caused  by  a  storm  above,  conjointly  with  the  high  stage  of  the  Missouri. 
By  liberally  feeing  the  drivers  I  induced  them  to  attempt  the  crossing. 
The  night  was  quite  dark,  and  the  road  only  indicated  by  the  absence 
of  gra^ss  above  the  water.  In  the  middle  of  the  swamp  the  driver  lost 
the  trail  and  mired  the  horses  in  a  slough,  and  it  was  with  great  diffi- 
culty that  we  succeeded  in  extricating  them,  and  recovering  the  road. 
At  4  o'clock  on  the  morning  of  the  4tli  we  effected  the  crossing. 

July  4,  1867. — ^Arrived  at  Sioux  City  at  3  p.  m.,  and  found  that  I  ImL 
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anticipated  the  arrival  of  the  Deer  Lodge,  thus  gaining  time  to  form  an 
estimate  of  the  imi)ortanee  of  the  place. 

Sioux  City  is  a  village  of  between  2,000  und  3,000  inhabitants,  all 
thoroughly  imbued  with  an  idea  of  the  future  greatness  of  their  town. 
It  is  located  at  the  base  of  the  hills  above  the  mouth  of  the  Floyd  river, 
and  the  business  portion  is  above  overflow.  The  landing  is  good,  but, 
owing  to  a  large  cut-oft'  which  occurred  last  spring  a  few  miles  above, 
is  being  slowly  cut  away,  and  unless  protected  will  continue  to  cut  for 
several  years,  i)robably  forming  a  bar  at  the  present  landing. 

The  valleys  of  the  Floyd  and  Big  Sioux,  together  w  ith  the  rich,  wide 
bottom-lands  on  the  west  side  of  the  Missouri,  are  tributary  to  the  town, 
aiul  when  fully  settled  will  sustain  a  thriving  city. 

While  in  St.  Louis,  last  month,  collecting  information  about  the  upper 
Missouri,  I  was  informed  that,  except  in  extraordinary  seasons,  two  trips 
to  Fort  Benton  are  impossible.  It  then  appeared  reasonable  to  suppose 
that  owners  of  mountain  boats  would  select  some  starting  point  higher 
up  the  river.  Omaha  at  that  time  suggested  itself,  as  the  two  round 
trips  could  be  shortened  from  three  weeks  to  a  month.  Yet,  with  all  the 
enterprise  and  capital  concentrated  at  Omaha,  nothing  of  the  kind  has 
been  projected,  probably  owing  to  the  one  absorbing  idea,  railroad. 

I  am  now  disposed  to  think  that  Sioux  City  is  the  proper  point  for  con- 
centrating the  ui>per  river  trade.  The  completion  of  railrojid  communi- 
cation with  Chicago  will  bring  that  powerful  rival  in  direct  competition 
with  St.  Louis,  and,  aided  by  Sioux  City  enterprise — which  can  only  expand 
in  that  one  direction — we  may  exj)ect  to  see,  within  the  next  few  years, 
the  trade  of  Montana  and  the  upper  Missouri  passing  from  the  grasp  of 
St.  Louis,  and  absorbed  by  Chicago  capital  investc^d  in  Sioux  City. 

By  starting  from  Sioux  city  on  the  opening  of  navigation  in  the  spring, 
boats  can  complete  two  round  trips  in  the  time  now  taken  to  make  one 
from  St.  Louis,  and  return  to  Sioux  city  in  the  second,  or,  in  other  words, 
from  five  to  six  weeks  less  time  than  two  round  trij)s  from  St.  Louis, 

July  5. — To-day  hear  that  the  Deer  Lodge  broke  her  shaft  below  Deca- 
tur, and  will  retuin  to  St.  Louis.  I  shall  remain  here  to  await  the  Last 
Chance. 

Jtdy  6. — Joined  by  Major  Von  Werner. 

July  7,  8,  9,  10,  11. — For  Sioux  city ;  Last  Chance  reported  disabled  at 
Little  Sioux. 

July  12,  10  a.  m. — The  steamer  Miner,  Captain  Hawley,  in  the  8er\'ice 
of  the  Northwestern  Fur  Company,  amved  at  Sioux  city,  having  cleared 
from  St.  Louis  for  fort  Benton  on  the  29th  June. 

This  boat  having  a  good  reputation  for  speed,  comfort,  and  the  uniform 
courtesy  of  her  officers,  I  decided  to  secure  passage  on  her  for  myself  and 
assistant,  although  prepossessed  in  favor  of  the  Only  Chance/ reported 
cleared  from  St.  Louis  on  the  4th  of  July.  Captain  Hawley  kindly 
aftbrded  me  every  assistance  in  his  power  in  furtherance  of  my  duty,  and 
placed  at  my  disposal  the  best  accommodations  in  the  boat.  We  left 
Sioux  city  10.30  a.  m.,  and  2.30  p.  m.  stopped  at  Brazean-s  wood-yard, 
where  half  an  hour  was  spent  in  wooding.  We  tied  up  for  the  night 
above  Ponka  12  \},  m.  At  Brazeau's  wood- yard  I  found  the  river  six  feet 
lower  than  the  highest  Hood-mark  for  this  season.  From  the  1st  to  the 
10th  of  July  the  river  fell  slowly.  We  are  now  going  up  on  a  very  slight 
rise,  probably  due  to  a  storm  on  some  of  the  tributaries  just  above.  I 
find  the  river  at  too  high  a  stage  to  make  a  report  on  its  comlition  of  any 
value  for  future  operations  in  clearing  obstructions. 

The  snags  visible  are  mostly  on  bars  and  sand  points,  and,  although 
numerous,  are  not  in  the  way  of  navigation.    Those  visible  in  or  near 


REPORT  OF  THE  SECRETARY  OF  WAR.  637 

the  course  of  the  boat  are  to  be  seen  at  all  stages  of  the  river,  and  are, 
in  consequence,  not  dangerous.  The  channel  is  at  i)resent  so  wide  that 
boat«  can  choose  their  way.  It  is  only  when  the  channel  becomes  con- 
tracted, (at  low  water,)  and  boats  are  forced  to  seek  the  dee])e8t  water, 
that  snags  become  very  troublesome  and  (jause  disaster  or  deUiy. 

On  the  up  trip  I  shall  confine  myself  to  generalities,  and  on  returning 
devote  my  attention  to  the  obstructions,  in  that  way  getting  the  best 
information  possible.  1  have  stationed  my  assistant  in  the  pilot-house 
with  all  the  necessary  materials  and  instructions  for  making  a  sketch  of 
the  river. 

July  13. — Started  3  a.  m.  River  full  of  drift,  as  it  has  been  for  the  last 
four  days.  All  the  drift  passed  yesterday  and  to-day  has  Ifeen  large 
timber,  l)oth  dry  and  green.  The  maximum  stage  of  the  spring  flood 
swept  the  bottom  lands  clear  of  smaller  drift  and  placed  it  beyond  the 
influence  of  succeeding  stages.  The  present  drift  comes  from  the  higher 
bars,  where  it  was  left  by  the  water  before  the  present  rise,  and  from 
banks  now  being  cut  away.  In  every  bend  of  the  river  the  banks  are 
now  undergoing  this  slow  but  steady  undermining  process,  and  the  large 
cotton-wood  tree«  are  one  by  one  toppling  into  the  stream,  to  anchor,  if 
their  mots  are  sufliciently  loaded  with  earth  ;  to  drift  on  the  bars,  if  not. 
The  bottom  lands  thus  far  I  have  found  quite  well  timbered,  but  it  is 
worthy  of  note  that  the  timber,  though  some  of  it  large,  is  with  few 
exceptions  young  and  vigorous,  even  the  dead  timber  showing  that  old 
age  was  not  the  cause  of  death.    Lay  for  the  night  above  Bone  river. 

July  14. — Started  3  a.  m.  and  reached  Yankton  village  6.30  a.  m.  The 
river  wide  and  clear,  \\\e^  drift  less  frequent.    Lay  up  at  12.30  of  the  loth. 

The  country  passed  during  the  day  similar  to  that  passed  yesterday, 
but  with,  perhaps,  less  timber  the  bottom  lands  ave  sparsely  settled,  but 
iertile,  judging  tix)m  the  fine  looking  cornfields. 

July  15. — Started  4  a.  m.,  arrived  at  Yankton  agency  7  a.  m.  and  at 
Fort  Randall  12  noon,  where  we  lay  two  hours.  Lay  up  for  night  20 
miles  above,  and  for  the  first  time  on  the  trip  were  obliged  to  cut  wood 
for  use  of*  the  boat.  Daring  the  day  observed  the  bottom  lands  con- 
tracting, and  timber  becoming  less  abundant.  At  the  mouth  of  the 
Niobrara  and  Ponka  there  are  good  bottoms,  but  above  the  farming  land 
is  confined  to  the  east  bank  of  the  river.  We  are  lying  near  the  ranche 
of  Major  Uamilton,  said  to  be  the  last  farm  we  shall  see  in  going  up. 
The  hills  on  either  side  are  very  regular  in  appearance,  neatly  rounded 
in  outline,  and  covered  with  a  short  scanty  grass,  giving  at  a  distance  the 
idea  of  a  well  shaven  rolling  meadow,  but  when  near  at  hand  disclosing 
the  barren  soil,  and  looking  dry  and  stinted.  Timber  is  confined  to  the 
nanow  bottom  lands  and  islands,  and  to  the  short  ravines  occurring 
every  few  hundred  feet.  Cottonwood  and  cedar  are  the  only  species  I 
could  discover,  the  cotton  wood  choosing  the  low  grounds,  and  the  cedar 
growing  in  the  ravines  and  on  the  larger  islands.  The  island  cedar  is  of 
a  very  fair  growth,  that  in  the  ravines  stunted,  and  in  many  instances 
deadened  by  the  tires  that  annually  denude  the  hills. 

July  lis. — Alter  a  good  day's  run  lay  up  for  the  night  at  mouth  of  creek 
opposite  Bijou  hills.  The  river  during  the  da^^  full  of  islands,  and  no 
doubt  bad  in  low  water.  Timber  not  abundant,  but  in  sufficient  quantity 
to  meet  the  necessities  of  boats.  Scrub-oak  at  sevenil  points.  The  cut 
bluffs  expose  a  blue  stratified  rock,  having  the  appearance  of  soft  slate 
easily  att'ected  by  the  weather.  The  lines  of  stratification  are  nearly 
horizontal,  and  with  frequent  faults.  Drift  is  becoming  less  frequent 
and  the  river  falling  slowly;  Day  clear  and  warm.  Night  close,  and 
mosquitoes  so  annoying  as  to  prevent  sleep. 
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July  17. — Started  at  day-break,  and  late  in  the  afternoon  pa^ssed  Fort 
Thompson  without  stopping,  lying  up  for  the  night  at  St.  John's  wood- 
yard.  Sl^te  bhifls  continue  to  bend  above  Fort  Thompson,*  and  there  ter- 
minate. The  fort  is  located  above  the  entrance  to  the  valley  of  Cow 
creek,  on  a  wide  open  bottom  land,  from  which  the  Santee  Sioux  manage 
to  raise  a  scanty  crop  of  corn ;  the  fort  is  garrisoned  by  a  single  company 
of  infantry  for  the  protection  of  the  agency.  Wood  scarce.  Bottoms 
narrow,  occasional  narrow  plateaus  or  prairie  taking  the  place  of  bottom 
lands,  nrany  of  the  hills  barren  and  topi>ed  with  a  dark-colored  soil. 

July  18. — lieached  Old  Fort  Sully  in  the  afternoon  and  S]>ent  the 
remainder  of  the  day  in  wooding.  The  fort  is  the  property  of  the  North 
Western  Fur  Company,  and  was  occupied  until  recently  by  the  United 
States ;  it  is  now  deserted,  and  the  buildings  being  torn  down  for  wood. 
We  replenished  our  ice-box  from  a  well  stored  ice-house  neiir  the  fort. 
The  hills  in  the  rear  of  the  fort  are  covered  with  cobble  stones  of  all 
sizes,  and  although  the  same  in  contour  a«  hills  heretofore  met  are  very 
different  in  formation,  having  a  large  proportion  of  gravel.  Wood  from 
this  point  to  the  mouth  of  the  Yellowstone  is  reported  very  scarce;  l>oat8 
depend  on  getting  what  they  use  from  drift  piles  and  deadenings  in 
ravines.  Green  cottonwood  is  the  poorest  of  fuel,  and  even  when  mixed 
with  dry  wood  does  not  generate  steam  fast  enough  to  move  boats  against 
a  rapid  current.  Fortunately  for  the  interests  of  commerce  each  year 
the  bars  and  various  bottoms  above  detain  enough  drift  to  supply  the 
wants  of  boatmen,  but  often  detain  it  in  inconvenient  places.  As  the 
commerce  of  the  river  expands,  w^ood-choppers  will  find  lucrative  em- 
l)loyment  in  establishing  wood-yards  along  barren  reaches,  and  collecting 
<lrift  at  points  easy  of  access. 

July  19. — lieached  New  Fort  Sully  early,  and  remained  until  the  morn- 
ing of  the  20th,  discharging  freight  for  the  fur  companies.  We  were 
obliged  to  land  three  miles  below  the  fort,  the  landing  near  the  foit  being 
obstructed  by  a  large  sand-bar. 

The  location  of  the  fort  is  not  well  chosen,  and  subject  to  severe  criti- 
cism. The  buildings  are  substantial,  roomy,  and  comfortable.  All  are 
not  yet  completed,  but  probably  will  be  before  winter  sets  in.  Wood 
can  be  obtained  opposite  and  also  a  few  miles  abov'e. 

Lieutenant  Walker,  adjutant  of  the  pjst,  kindly  offered  to  keep  a 
gauge  record,  and  collect  information  of  interest  as  soon  as  men  can  be 
spared  from  wx)rk  on  the  fort. 

July  20. — Left  New  Fort  Sully  12  noon,  and  lay  up  for  the  night  near 
the  mouth  of  the  Big  Shayenne.  But  little  drift  in  the  channel,  and 
water  falling  slowly.  Current  very  rapid.  Noticed  for  the  first  time 
a  growth  of  l)ox  elder.  The  Ida  Stockdale  passed  down  yesterday,  and 
reported  hostile  Indians  on  the  blutt's  at  the  mouth  of  the  Big  Shayenne. 
It  is  a  favorite  place  for  attacking  boats.  The  bluffs  are  high,  and  the 
channel  runs  under  them ;  the  assailants  have  good  cover  and  a  plung- 
ing tire.  To  guard  against  attack  we  i)laced  semi-circular  sliields  of 
boiler-iron  six  feet  in  height  on  either  side  of  the  wheel  in  the  pilot-honse, 
and  constructed  log  breastworks  along  the  forward  guards  of  the  boiler- 
deck  and  around  the  ash-pans  and  engines  on  the  lower  deck.  Arms 
were  all  loaded  and  placed  in  racks  at  convenieut  places,  and  a  small 
old-fashioned  tield-piece  was  jdaced  in  a  conspicuous  position  on  the 
forward  boiler-deck.  No  danger  has  been  apprehended  below  this  point 
Many  boats  after  leaving  Fort  Randall  take  the  precaution,  when  tied  to 
the  bank,  of  sparring  off  and  mounting  guard.  We  have  tied  to  the 
bank  every  night  and  ke])t  no  guard  but  the  regidar  watchman.  Captain 
HawJey  informs  me,  that  he  has  never  deemed  greater  precaution  neces- 
sary. 
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Jnly  21. — ^Run  to  small  creek  five  miles  above  mouth  of  Little  Shayenne, 
and  tied  up  to  right  bauk.  Veiy  good  dry  wood  200  yasds  from  boat.  Were 
enguged  in  wooding  until  12  p.  m.  Steamtr  Centralia  100  yards  above 
us.  She  cleared  from  St.  Louis  June  12,  1867,  loaded  with  army  sup- 
plies for  Camp  C(K)ke,  and  has  been  delayed  by  reason  of  having  pilots 
and  captain  unacquainted  w4th  the  river,  and  in  addition  a  mutinous 
crew  of  Irishmen. 

The  captain  informed  me  that  he  had  been  burning  green  cottonwood, 
and  that  he  could  not  make  enough  steam.  We  are  now  in  the  lower 
part  of  Swan  Lake  reach,  known  among  river  men  as  one  of  the  most 
troublesome  sections  of  tlie  river  at  all  stages.  It  is  from  15  to  20  miles 
in  length,  and  very  much  obstructed  by  sand-bars,  making  the  channel 
tortuous  and  difficult  to  find. 

I  am  informed  that  Irish  crews  almost  invariably  give  trouble;  they 
are  clannish  and  unwilling  to  bend  to  the  authority  of  the  mate.  When 
they  w^ork  it  is  not  with  the  alacrity  desirable,  and  they  seriously  object 
to  wooding  in  the  night.  Our  crew  of  roustabouts  is  made  up  of  negi^oes ; 
they  are  always  cheeiful,  obedient,  and  willing.  When  brought  in  con- 
tact with  other  crews,  the  contrast  in  the  manner  of  working  is  gieatly 
in  favor  of  the  colored  crew.  Our  mate,  who  is  an  old  river  man,  tells 
me  that  he  has  worked  both  white  and  black  crews,  and  has  a  decided 
preference  for  the  blacks. 

July  22. — Started  after  sunrise,  and  passed  Swan  Lake  reach  with  less 
trouble  than  apprehended.  Once  attempted  a  false  channel,  and  were  de- 
layed an  hour  in  sparring  over  a  bar  having  on  it  three  feet  of  water,  the 
Miner  drawing  three  and  a  half  feet  forward.  This  bar  extended  diagonally 
across  the  channel,  and  at  no  place  gave  a  greater  depth  of  water  than  three 
feet.  Bars  in  straight  reaches  of  this  kind  are  subject  to  more  frequent 
shiftings  than  in  tortuous  portions  of  the  river,  and  only  approximate  to 
stability  during  low  water.    Lay  up  for  the  night  below  Fox  island. 

July  23. — Lay  up  at  night  and  w  ooded  at  mouth  of  Bowerbenoc  creek. 
River  in  excellent  boating  condition  and  falling.  No  detention  during 
the  day ;  channel  well  defined,  running  close  inshore  around  the  bends 
and  making  good  crossings.  Valleys  of  the  Moreau  and  Grand  rivers 
comparatively  well  timbered  in  the  lower  portions.  Good  grazing  on  the 
middle  slopes;  the  lower  bottoms  thus  far  observed  all  present  the  same 
geological  features.  They  have  been  formed  by  sand  and  mud  deposits 
fi-om  aimually  recurring  floods — the  deposit  aided  by  luxuriant  growth 
of  willows,  incident  to  lands  subject  to  overflow.  The  depth  of  succes- 
sive deposits  is  well  shown  in  sections  by  alternating  layers  of  sand  and 
mud ;  even  the  small  dei)osits  fiom  secondary  and  tertiary  overflows  being 
w  ell  defined.  Owing  to  this  regularity  of  formation  and  cause,  the  ages 
of  points  and  bottoms  can  be  very  accurately  ascertained. 

July  24. — Wooded  and  lay  by  during  the  night  below  the  mouth  of 
Battle  creek.  During  the  day  took  on  l)oard  a  dejwitation  of  Crow  chiefs 
on  their  return  to  Milk  river,  where  they  expect  to  rejoin  their  tiibe. 
They  were  sent  to  hold  a  council  with  General  Sully,  the  Indian  com- 
missioner, but  failed  to  overtake  him,  and  are  returning  to  their  tribe 
very  much  dissatisfied.  I  am  informed  that  the  Crows  are  the  best  of 
up-river  Indians,  and  uniformly  peaceful,  but  that  bjul  faith  has  been 
kept  with  them.  They  have  three  times  sent  deputations  to  hold  coun- 
cil with  commissioners,  and  each  time  the  commissioners  have  been  in 
too  great  haste  to  wait  for  them.  The  next  commissioner  will  have  to 
meet  them  in  theii'  own  country,  and  not  in  the  hostile  Sioux  country. 
Biver  very  good;  banks  cutting  rapidly. 

July  25. — Beached  Fort  liice  4  p.  m.,  and  remained  until  next  motmu^^ 
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Lauded  near  the  foit  inside  the  bar.  The  day  has  been  sultry  with  indi- 
cations of  a  storm ;  tbe  river  has  been  good  during  the  day  and  has 
fallen  slightly ;  dry  timber  has  been  scarce,  and  for  the  last  three  days 
we  have  been  obliged  to  wood  several  times  each  day,  and  pick  up  such 
small  supplies  as  we  could  find;  green  timber,  though  not  abundant, is 
yet  in  sufficient  quantity  to  furnish  boats,  provided  vvood-chopi)ers  conld 
safely  establish  wood-yards.  Several  wood-yai*ds  have  been  attempted, 
but  the  Indians  gave  so  much  trouble  that  they  were  soon  abandoned. 
The  Indians  attack  the  choppers,  drive  them  to  their  cabins,  and  then 
fire  the  wood-piles.  The  territorial  government  also  interferes  by  le\7- 
ing  a  heavy  tax  per  cord,  considered  by  those  I  have  cx)nversed  with  on 
the  subject  a  species  of  black  mail,  and  not  sanctioned  by  law. 

July  26. — Started  at  3  a.  m.,  and  after  running  about  40  miles  stopped 
to  wood  on  right  bank;  on  staitingout  again  encountered  a  sudden  and 
very  severe  storm  and  blow,  which  forced  us  to  the  bank  for  an  hour, 
during  which  time  a  cottonwood  tree  of  one  f(X)t  diameter  was  blown 
across  the  boat  in  rear  of  the  cabin,  breaking  our  larboard  liog-chaius 
and  crushing  through  a  portion  of  the  boiler  deck.  The  storm  ceased  a« 
suddenly  as  it  began,  and  after  clearing  away  the  fallen  tree  we  nm  a 
a  few  hun<lred  yards  up  the  river,  and  tied  up  alongside  a  cut  bank  to 
I'epair.  When  we  lay  up  the  bank  was  cutting  slowly,  but  soon  began 
to  fall  in  so  fast  as  to  make  our  position  dangerous;  tons  of  e^irth  and 
willows  falling  frequently  on  the  lower  deck  and  threatening  to  sink  the 
boat.  We  lay  at  this  place  for  half  an  hour,  when  the  small  cottonwood 
to  which  we  had  tied  100  feet  from  the  bank  was  washed  in,  and  we  were 
obliged  to  move  to  a  better  anchorage,  which  we  found  three  miles 
above,  where  we  lay  for  the  night.  As  an  instance  of  the  instability  of 
these  bottom  lands,  I  can  cite  nothing  better  than  the  above.  The  bank 
under  which  we  lay  was  eight  feet  high  and  of  the  characteri.stic  bottom 
formation,  supporting  a  heavy  growth  of  willows  and  j^oung  cottonwoods 
betw(*en  five  and  six  years  old.  On  our  arrival  we  found  the  cun'ent 
slowly  undermining  the  banks;  the  presence  of  the  boat  caused  a  stronger 
current  in  the  narrow  chute  between  bank  and  hull  and  an  eddy  above. 
This  slight  change  in  velocity  increased  the  rate  of  cutting  a  hundred 
fold. 

July  27. — Although  our  repairs  were  not  completed  this  morning,  we 
were  obliged  to  run  higher  for  wood.  This  we  found  in  the  bight  of  the 
next  righ-thand  bend,  where  a  large  pile  of  excellent  drift  had  lodged  on 
WxQi  bottom.  We  lay  by  allday  wooding  and  repairing  the  damage  of  yester- 
day, in  the  afternoon  a  hurricane  came  up  from  north-northwest  and 
continued  until  late  at  night,  with  occasional  lulls  and  heavy  storms.  At 
the  wind  was  blowing  us  directly  on  shore  no  damage  was  done,  although 
our  chimney  guys  were  strained  at  times  to  their  utmost,  and  our  pilot- 
house and  cabin  roughly  shaken.  The  air  was  filled  with  clouds  of  sand, 
and  the  water  was  full  of  grasshoppers  blown  otf  shore.  The  waves  dar- 
ing the  night  of  the  hurricane  ran  three  and  four  feet  high,  and  rajndly 
beat  down  exposed  banks;  a  large  quantity  of  green  drift  parsed  us  dur- 
ing the  da 3'. 

July  28. — Made  a  good  run  and  lay  up  for  night  above  Square  Buttes, 
20  miles  below  Fort  SteveJison.  Noticed  coal  at  one  point  cropping  out 
of  the  bluffs  at  the  water's  edge,  but  not  in  any  quantity.  Did  not  have 
time  to  examine  it.  Hills  very  bare;  good  grazing  in  the  bottoms  and 
larger  ravines.    Firewood  continues  scarce.    Kiver  good. 

July  29. — Started  at  3.30  a  m.  and  reached  Fort  Stevenson  6  p.  m., 
landing  under  a  cut  bank  and  very  good.  The  officers  at  this  post  report 
plenty  oi  coal  in  the  neighboring  hills,  but  of  a  poor  quality.    It  has  been 
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used  in  stoves,  bnt  did  not  give  entire  satisfaction.  It  has  also  been 
used  in  the  blacksmith  shoj>,  but  did  not  give  a  good  welding  heat; 
it  is  a  species  of  cannel.  Stevenson  is  at  present  but  an  encampment; 
it  is  expected,  however,  that  before  winter  fairly  sets  in  buildings  enough 
to  shelter  the  garrison  and  stores  will  be  finished.  The  quarters  are  to 
be  of  adobes  with  shingle  roofs,  and  will  present  a  very  neat,  comforta- 
ble appearance.  The  material  for  the  adobes  is  found  near  the  site  of 
the  fort,  and  when  mixed  with  cut  prairie  grass  promises  to  make  very 
substantial  walls.  The  bricks  are  made  larger  than  usual,  but  dry  well 
and  retain  their  shape.  The  buildings  will  have  stone  foundations,  and 
the  walls  will  be  strengthened  by  framing. 

July  30. — Left  Stevenson  3.30  a.  m.,  and  arrived  at  Fort  Berthold  9  a. 
m.,  where  we  lay  during  the  day  and  night,  landing  freight  for  the 
Northwestern  Fur  Company.  At  Berthold  I  found  coal  outcropping  a 
few  yards  above  the  landing,  and  secured  several  specimens;  it  ^s  a 
coarsely  laminated  lignite  of  a  dark  brown  color,  breaking  into  small 
fragments  with  irregular  didl  fracture  when  exposed  to  the  air  for  any 
length  of  time,  burning  with  a  heavy  yellow  flame  and  smoke,  and  not 
possessed  of  great  heating  or  illuminating  iK)wer ;  the  deposit  exposed  is 
in  two  seams,  one  of  10  inches  thickness  and  the  lower  of  three  inches, 
conformably  superjiosed  on  a  bed  of  shale  and  covered  with  a  compact 
gravel.  In  the  hills  back  of  Berthold  I  am  informed  this  deposit  has,  for 
several  years,  been  burning,  and  so  near  the  surface  as  to  cause  the  sub- 
sidence of  many  acres;  (Major  Galpin,  Fur  Company.)  Wood  scarce 
between  Stevenson  and  Berthold.    River  good. 

July  31. — Left  Berthold  3.30  a.  m.,  after  a  wakeful  night  spent  in  fight- 
ing mosquitoes.  Lay  during  the  night  on  a  sand-bar  in  Great  bend. 
Passed  good  timber  at  the  mouth  of  the  Little  Missouri.  Drift  in  bot- 
toms scarce;  dead  timber  becoming  more  frequent.  Channel  quite 
clear  and  of  good  depth.  Noticed  several  outcrops  of  coal  during  the 
day,  all  having  the  same  appearance  as  at  Berthold,  but  showing  larger 
seams  and  a  greater  number  of  them.  In  one  cut  bluff  about  50  feet 
high  I  counted  17,  three  of  about  18  inches'  thickness  each,  separated  by 
shale  of  about  same  thickness ,  and  above  them  14  at  irregular  intervals, 
ranging  from  one  and  a  half  inch  to  three  inches  in  tiiickness.  The 
seams  might  be  worked  to  advantage. 

August  1,  1867. — Started  3.30  a.  m.,  and  although  detained  by  stop- 
pages for  wood,  made  a  fair  run,  tying  up  at  dusk  to  a  sand  point  where 
we  found  a  very  fine  drift  pile.  The  hills  have  gradually  lost  that  regu- 
larity of  outline  so  familiar  in  that  section  of  the  valley  above  Sioux 
City,  Randall  and  Sully,  and  now  ap|)ear  broken  and  frequently  rocky. 
Sandstone  of  an  indifferent  quality  and  poorly  cemented  conglomerate 
alternate  with  the  shales  and  frequently  crown  the  bluffs ;  the  immediate 
valley  of  the  river  is  very  narrow,  rarely  exceeding  2,500  or  3,000  yards, 
and  presenting  low  plateaus  and  bottom  lands  in  nearly  equal  proportion^ 
the  bends  of  the  river  in  nearly  all  cases  cut  into  the  hills,  making  high 
steep-cut  bluffs, with  opposite  narrow  timbered  points,  concealing  barren 
plateaus,  outwardly  bounded  by  bluffs  and  high  table  lands. 

August  2. — Started  at  daylight,  and  without  stoppage  run  until  3 
p.  m.,  when  we  encountered  a  violent  \nnd  storm,  and  were  obliged  to 
tie  up  fifteen  miles  below  Muddy  river,  and  lay  by  for  the  remainder  of 
the  day.  The  river  continues  at  a  good  stage,  though  falling  slowly. 
The  general  characteristics  of  the  valley  remain  as  yesterday..  Coal 
occasionally  appears,  and  breaks  of  boulders  may  be  seen  in  the  channel 
under  rocky  bluffs. 

41  w— Part  n 
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August  3. — Started  at  daylight,  and  without  incident  arrived  at 
Fort  Buford  5.40  p.  m.  On  approaching  the  mouth  of  the  Yellowstone 
the  valley  widens  perceptibly,  and  the  bottoms  appear  more  fertile.  The 
timber  looks  more  vigorous  and  less  scattered,  the  current  is  stronger, 
and  the  water-way  has  a  more  equitable  width.  The  intiuence  of  the 
very  rapid  current  of  the  Yellowstone,  while  gi*adually  accommodating 
itself  to  the  slower  Missouri,  is  beneficial  to  the  channel  of  the  latter 
for  a  distance  of  nearly  100  miles  below  Buford ;  it  then  begins  to  depo- 
sit freely  and  spread  out,  forming  at  low  water  troublesome  bars,  with 
shallow  chutes.  Fort  Buford  is  situated  on  the  left  bank  of  the  Missouri. 
12  miles  below  the  mouth  of  the  Yellowstone,  and  on  a  wide  plateao 
about  20  miles  long,  and  from  20  to  50  feet  above  low-water  mxu-k. 
During  the  winter  of  1866-67  it  was  garrisoned  by  a  single  company, 
now  increased  to  five  companies.  A  new  fort  is  now  in  process  of  con- 
struction to  occupy  a  portion  of  the  old  site,  to  be  much  larger,  and  to 
be  built  of  adobes.  The  timber  for  the  new  buildings  will  be  obtained 
near  the  mouth  of  the  Little  Muddy,  some  30  miles  above.  The  adobes 
are  made  near  the  fort,  and  are  of  good  quality. 

Yesterday  the  Sioux  made  a  raid  on  the  cattle  herd  and  killed  several 
animals,  but  did  no  further  damage,  easily  escaping  from  the  infantry. 
Garrisons  along  this  portion  of  the  river  are  continually  annoyed 
because  of  their  inability  to  pui'sue  Indian  raiders.  A  company  of 
cavalry  at  each  post  would  be  invaluable. 

August  4. — Started  from  Buford  at  8.30  a.  m.,  and  were  three  hours 
in  reaching  Fort  Union.  Started  from  Union  at  1.30  p.  m.,  and  lay 
during  the  night  about  30  miles  above  Fort  Union  is  an  old  trading 
post,  by  land  three  miles  above  Buford.  It  will  be  dismantled  shortly, 
and  the  traders  removed  to  the  latter  jilace. 

Found  the  river  between  Buford  and  Union  very  much  cut  up  and 
difficult.  Above  Union  quite  good  and  with  very  few  snags;  the  bed 
of  the  river  much  narrower,  and  the  bottom  lands  wider.  The  bluffs  are 
continuous  on  either  side,  running  nearly  parallel,  touching  the  river 
only  at  each  bend,  and  clearly  defining  the  valley.  Timber  is  not  abund- 
ant, but  the  bottoms  are  full  of  young  cottonwoods,  giving  promise  in 
the  future.  I  to-day  left  my  assistant  at  Fort  Buford,  with  orders  to 
report  for  office  duty  in  Cincinnati,  preferring  to  sketch  the  remainder 
of  the  river  myself. 

August  5. — Started  at  daylight,  and  after  a  fair  run  lay  up  at  8  p.  m. 
in  bend  above  Poplar  river,  where  we  were  stopped  by  a  very  difficult 
crossing.  Were  delayed  for  several  hours  in  the  forenoon  by  a  difficult 
series  of  bends  below  and  above  Old  Fort  Kip  cut-off.  Although  the 
cut-oft'  occuiTcd  several  years  ago,  the  river  has  not  yet  accomm<^ated 
itself  to  its  bed,  and  in  medium  stage  of  water  cuts  into  the  bank  so 
rapidly  that  the  debris  cannot  be  carried  away  by  the  already  well 
charged  current,  and  is  consequently  left  to  form  troublesome  bars  in 
the  channel  and  crossings. 

The  points  are  quite  well  timbered  with  cotton  wood,  and  fi^<iuent 
deadenings  at  convenient  landings  supply  the  necessities  of  steamboats. 
Noticed  during  the  day  the  ruins  of  several  encamjiments,  from  which 
wood-choppers  were  forced  last  winter.  Passed  large  herds  of  buffalo, 
the  first  seen  this  trip,  and  mn  into  one  herd  crossing  the  river.  The 
channel  wa.s  so  completely  blocked  up  by  the  living  mass  that  the  boat 
was  stopped  to  let  them  get  out  of  the  way.  A  number  were  carried 
under  the  hull  and  into  the  wheel,  but  cleared  us  without  damage.  The 
scene  was  one  of  great  excitement,  passengers  and  crew  firing  with 
such  recklessness  as  to  endanger  their  own  Sves  to  as  great  an  extent 
Hs  the  Jives  of  the  MgAiteuedX^xs^^o'^^. 
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August  6. — ^Were  engaged  from  daylight  until  6.30  a.  m.,  sounding  for 
a  practicable  channel,  and  at  no  place  could  find  a  crossing  giving  more 
than  two  feet,  the  steamer  drawing  33  inches.  At  6.30  attempted  the 
lower  channel,  and  after  six  hours'  sparring  crossed  the  principal  bar,  and 
ran  into  good  water  above,  where  we  found  the  side-wheel  steamer  Viola 
Belle  waiting  for  a  channel  to  cut  out,  so  tliat  she  could  go  down.  She 
had  been  waiting  three  days.  The  Zephyr  and  Imperial  bound  up  were 
delayed  for  the  greater  part  of  three  days  at  this  place  sparring  over. 
We  lay  for  two  hours  one  mile  above  bar  and  partially  wooded,  but 
finding  timber  very  unhandy,  900  yards  from  boat,  ran  into  next  bend 
and  found  a  fine  deadening,  where  we  lay  for  the  night,  and  took  in  a 
good  supply. 

The  sand  of  which  these  bars  are  formed  is  of  the  nature  of  quick- 
sand. Iron  and  stone  or  other  materials  too  heavy  to  be  moved  by  the 
current  sink  below  the  surface  of  the  sand  in  a  few  seconds ;  men  or 
animals  wading  on  the  bars  are  obliged  to  keep  in  motion  even  on  bars 
apparently  dry.  I  yesterday  saw  Bufl'alo  mired^down  to  their  sides,  and 
exhausted  by  their  efforts  to  get  out.  This  characteristic  of  the  bottom 
makes  it  simply  necessary  for  a  boat  w^hen  working  through  a  bar  to 
push  ahead  with  it«  spars,  and  keep  in  position  so  that  the  current  may 
w  ash  under  and  around  it. 

August  7. — Started  4  a.  m.,  and  entered  a  very  troublesome  part  of  the 
river  know^n  as  Spread  Eagle  Reach,  similar  in  every  respect  to  the 
Swan  Lake  Reach  below  Fort  Rice ;  we  were  five  hours  in  making  a 
distance  of  10  miles.  Above  the  Reach  we  ran  into  a  series  of  very 
good  bends,  and  with  but  a  single  delay  of  two  hours,  caused  by  taking 
a  false  channel,  reached  a  fine  deadening  near  the  mouth  of  Porcupine 
creek,  and  lay  up  for  the  night.  The  part  of  the  river  run  to-day  is  but 
little  obstructed  by  snags,  and  is  sufficiently  well  timbered  to  meet  the 
wants  of  boats.  Deadenings  are  of  frequent  occurrence  and  convenient 
for  wooding ;  they  are  located  on  the  higher  portions  of  each  point,  and 
are  said  to  be  caused  by  fire,  though  they  but  seldom  show  traces  of  it. 
The  great  majority  of  the  dead  cotton  woods  are  strii)ped  of  bark,  and 
are  perfectly  dry  and  sound. 

August  8. — Started  at  daylight,  and  at  8  a.  m.  reached  Milk  river. 
Above  Milk  river  found  the  channel  very  shallow  and  much  obstmcted. 
At  7  p.  m.  lay  up  above  the  mouth  of  Dry  (Dorun's)  Fork,  having  made 
but  15  miles  in  the  last  eleven  hours.  Were  three  times  obliged  to  spar 
over  bars  giving  but  two  and  a  half  feet  of  water.  The  obstructions  in 
this  section  are  due  to  a  cut-oft'  which  occurred  several  years  ago  in  the 
bend  above  Milk  river,  by  which  tw^o  large  bends  have  been  obliterated. 
The  bed  of  the  river  is  now  in  a  transition  state,  gradually  working 
toward  a  natural  shape;  during  high  water  the  current  cuts  material 
for  lower  stages  to  carry  oflf,  and  in  consequence  at  a  medium  stage  such 
as  we  now  have,  when  the  cutting  and  distributing  powers  are  about 
equally  balanced,  this  and  similar  parts  of  the  river  are  in  theii*  least 
favorable  condition  for  navigation.  Landed  our  Crow  passengers  at 
Dry  Fork  to  rejoin  their  tribe. 

Augu4it  9. — Started  4  a.  m.,  and  till  4.  p.  m.  had  but  little  trouble.  Not 
much  water  inchaimel,but  the  bends  quite  regular,  and  in  consequence 
the  channel  well  defined.  Lay  by  from  8  a.  m.  until  12  m.  for  wood; 
4.30  p.  m.  obligeil  to  spar  over  a  difficult  bar,  and  in  doing  it  broke  a  guy 
rope  of  derrick,  and  were  detained  by  the  accident  until  6.30  p.  m. 
After  crossing  the  bar  we  ran  until  9  p.m.,  when  we  lay  up  for  the  night. 
Passed  several  rocky  bottoms  during  the  day,  but  with  good  depth  of 
water,  and  enough  channel  room  to  avoid  boulders  by  running  car^fwAL^ . 
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August  10. — Started  4  a.  m.,  and  ran  what  is  known  as  the  Eonnd 
butte,  section  beginning  15  miles  below  the  butteand  ending  three  miles 
above.  We  ran  carefully,  and  without  spaning  cleared  the  Butte  Bend 
1  p.  m.  The  channel  is  badly  cut  up  by  sand  and  gi^vel  bars,  with 
boulders  in  portions  near  shore. 

The  river  throughout  this  section  is  wide  and  shallow,  and  the  channel 
tortuous.  After  passing  the  butte,  the  valley  assumed  a  character  not 
before  observed.  The  river  winds  in  short  regular  bends  through  bot- 
.tom  lands  ranging  from  half  a  mile  to  a  mile  in  width,  shut  in  by  bold 
fancifully  shaped  hills  bearing  a  stunted  irregular  growth  of  cedar  and 
pine.  The  points  are  all  well  wooded  midway  to  the  hills;  the  banks 
are  low  and  rounded,  except  in  the  bight  of  bends,  where  the  current  has 
cut  into  the  base  of  the  hills,  and  left  perpendicular  bluft's  of  from  five 
to  thirty  feet  in  height.  Sand  points  but  seldom  occur,  and  the  few 
bars  to  be  seen  are  formed  near  the  middle  of  the  stream.  The  river  is 
very  clear  of  8nags,,and  the  depth  of  the  channel  quite  uniform. 

There  are  but  few  signs  of  recent  flood  changes,  and  those  but  slight. 
At  one  point  in  a  cut  bluff,  25  feet  high,  saw  a  large  cottonwood  tree 
18  inches  diameter,  half  washed  out  by  the  last  flood,  showing 
that  after  the  tree  had  obtained  its  present  growth,  the  plateau  on 
which  it  grew  had  received  a  deposit  15  feet  in  depth.  The  top  was 
stunted  and  decaying,  and  trees  having  the  same  appearance  were  to 
be  seen  around  it,  and  on  all  similar  plateaus  observed  during  the  day. 
From  the  general  formation  of  these  plateaus,  I  am  disposed  to  think 
that  they  were  made  by  washing  from  the  hills,  and  indicate  a  very 
rapid  denudation,  which  gives  to  this  portion  of  the  river  its  stability 
by  giving  it  firmer  material  for  its  bottom  lands  than  the  ordinary  flood- 
deposit.  Eight  p.  m.  passed  the  steamer  Zephyr  bound  up,  and  8.30 
p.  m.  tied  up  for  the  night,  and  wooded  below  Point  au  Poche. 

August  11. — Started  4  a.  m.,  and  reached  Fort  Hawley  9  p.  m.,  river 
continuing  the  same  as  yesterday.  Plenty  of  good  timber  on  all  the 
points.  Channel  in  mid-river  nearly  all  day,  frequent  bouldered  bo^ 
toms  requiring  care  in  passing  them;  width  of  river  quite  constant^ 
ranging  from  150  to  200  yards. 

August  12. — Started  4.30  a.  m.,  and  without  trouble  reached  Two-calf 
island  8  p.  m.  Tried  to  pass  the  right-hand  chute,  and  found  it  closed 
at  the  head  by  a  bar,  giving  only  one  foot  water.  So  backed  out,  and 
lay  up  for  the  night.  Kiver  smne  as  the  11th  and  12th,  with  the 
exception  that  the  valley  is  more  contracted,  and  timber  is  less  abund- 
ant. Two-calf  island  is  the  beginning  of  the  rapid  section  of  the  river. 
Passed  the  steamers  Richmond  and  Guidon,  bound  down,  below  Har- 
riott's island.  Lay  up  from  12  m.  until  6  p.  m.,  above  Harriott's,  for 
wood;  cut  pine  and  cedar  on  the  bluffs,  and  were  obliged  to  carry  it 
several  hundred  yards  to  the  boat. 

August  13. — Started  4.30  a.  m.,  and  passed  up  the  middle  chute  at 
Two-calf  island ;  obliged  to  get  out  cable,  and  pull  over  rapids  at  head 
of  chute.  Two  and  a  half  hoiu's  in  passing  the  rapids;  made  slow  pro- 
gress against  a  very  rapid  current  to  head  of  Grand  island,  where  we 
were  obliged  to  spar  over  a  gravel  bar,  giving  two  and  a  half  feet  water; 
made  the  crossing  1  p.  m.,  and  reached  Cow  island  5  i>.  m.,  where  we 
lay  up  to  sound  the  rapids  for  a  channel;  obliged  to  keep  the  lead  going 
most  of  the  time  during  the  day;  from  three  to  eight  leet  in  the  chan- 
nel ;  bottom  rocky,  bottom  land  very  narrow,  and  covered  with  sage 
brush ;  good  timber  on  Grand  island;  found  three  feet  over  the  rapids 
in  east  chute,  and  would  have  no  trouble  in  getting  over  if  it  were  not 
for  the  boulders  that  infest  the  channel.    Will  have  to  prdl  over  to-mor- 
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row.  Laid  a  deadman  on  shore,  above  the  rapids,  to  fasten  our  cable 
for  pulling  up.  A  deadman  is  laid  in  the  following  manner:  a  trench 
four  feet  long  perpendicular  to  the  line  of  torsion,  and  from  two  to  three 
feet  deep,  is  dug  on  shore,  and  a  log  of  wood  securely  listened  on  the 
bottom  by  stakes;  to  this  log  the  towing  line  is  fastened,  and  a  small 
trench  dug  in  the  direction  of  the  boat  to  accommodate  the  rope,  and 
prevent  a  lifting  strain.  From  this  deadman  a  line  is  taken  to  the  cap- 
stan. • 

August  14. — Passed  the  rapids  3  p.  m.,  and  lay  up  two  miles  above, 
at  the  terminus  of  the  Fort  Benton  and  Cow  ishmd  wagon-road.  With 
the  present  stiige  of  water  it  is  not  considered  probable  that  we  can  get 
above  Dauphin's  rapids.*  Captain  Hawley  has  decided  to  leave  his  Fort 
Benton  freight  here,  and  attempt  the  upper  rapids  drawing  as  little 
water  as  possible.  On  our  arrival  we  found  the  steamer  Imperial  lying 
at  the  bank,  with  all  her  freight  ashore.  She  was  obliged  to  double  trip 
from  Grand  island  to  this  point,  drawing  three  feet,  and  was  two  days 
in  passing  Cow  island.  She  cleared  from  St.  Louis  May  18th,  drawing 
three  and  a  half  feet.  During  the  night  put  our  Benton  freight  ashore, 
and  lightened  to  26  inches. 

August  15. — Started  at  7  a.  m.,  and  at  11  a.  m.  had  made  six  miles, 
when  we  were  laid  up  for  an  hour  by  a  w  ind-storm.  After  the  storm  we 
again  pushed  ahead,  and  tied  up  at  night  two  and  a  half  miles  below 
Dauphin's  rapids;  found  from  three  to  four  feet  in  the  channel;  found 
plenty  of  water  over  Snake  Point  rapids,  and  passed  them  without  trou- 
ble, although  for  a  moment  in  danger  of  swinging  on  the  rocks  and 
wrecking  the  boat.  Channel  much  obstructed  by  loose  rocks  in  the 
greater  part  passed  to-day.    Current  very  strong,  wood  very  scarce. 

August  16. — Started  at  5  a.  m.,  and  at  8  a.  m.  tied  up  one  mile  below 
Dauphin's,  having  made  one  and  a  half  mile  in  three  hours.  Careful 
sounding  gave  but  18  inches  water  over  the  boulders  in  the  rapids,  and 
three  feet  if  they  could  be  removed.  The  captain  then  decided  to  aban- 
don the  trip  to  Benton,  and  return  to  his  freight  above  Cow  island, 
rather  than  further  risk  the  safety  of  his  boat.  At  7  p.  m.  we  started 
on  our  return,  and  after  making  three  miles  tied  up  for  the  night.  Dur- 
ing the  day  I  examined  the  rapids,  and  climbed  to  the  top  of  the  hills. 
A  distance  of  two  or  three  miles  from  the  river  I  found  abundance  of 
excellent  pine  timber  growing  in  the  ravines  and  hollows.  To  the  south 
I  could  see  the  Judith  mountains  and  intervening  ridges,  apparently  all 
well  timbered. 

Augusta. — Started  at  daylight,  and  had  no  trouble  until  reaching 
Snake  Point,  where  it  was  deemed  necessary  to  get  out  bow  and  stern 
lines  to  drop  the  boat  through.  In  executing  this  maneuver  we  grounded 
on  a  flat  rock,  and  were  delayed  until  noon  before  getting  off.  Two 
miles  below  Snake  Point,  in  making  a  crossing,  the  current  drove  us  on 
a  gravel  bar,  where  we  lay  all  night.  Everything  movable  on  the  boat 
was  put  ashore  in  yawls  to  lighten  her,  after  which  we  took  a  cable 
ashoi'e,  and  made  ready  to  pull  off  in  the  morning. 

AuguM  18. — At  11  a.  m.,  by  pulling  and  sparring,  succeeded  in  getting 
off  the  bar  and  taking  wood  and  freight  on  board ;  reached  our  Benton 
freight  pile  w  ithout  trouble  at  1  p.  m.  The  rapids  I  have  had  an  oppor- 
tunity to  examine  can  be  very  much  improved  and  rendered  pjissable  by 
simply  removing  the  boulders  in  the  channel ;  most  of  them  can  be  taken 
out  without  blasting.  Further  improvement  can  be  made  by  closing 
island  chutes,  thus  gaining  increased  depth  of  channel  and  greater  scour- 
ing power  to  the  current.  Improvements  of  the  latter  kind  can  be  made 
permanent,  and  at  small  expense,  as  all  the  necessary  m^XmvjX  ^"i\\!L\i^ 
found  at  hand^  and  much  of  it  ready  for  use. 
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AngK^t  19. — Spent  the  day  among  the  hills  to  the  south  of  Cow  island, 
and  in  making  a  survey  of  the  obstructions.  Found  plenty  of  good  stone 
on  the  north  bank,  and  plenty  of  good  pine  timber,  convenient  for  use, 
on  the  south  side.  Game  is  abundant;  a  working  party  could  easily 
supply  themselves  during  the  summer  and  fall  without  going  many  hun- 
dred yards  from  camp.  Indians  make  their  appearance  but  seldom.  It 
is  too  far  north  for  the  Sioux,  and  the  Crows  are  friendly,  and  have  bet- 
ter hunting  grounds.  The  steamers  Only  Chance  and  Zephyr  passed 
the  rapids  this  morning  with  but  little  trouble,  but  are  double-tripping 
from  Grand  island.  Only  Chance  discharged  her  freight,  and  returned 
to  Grand  island  for  remainder. 

August  20. — Seven  a.  m.  started  down  the  river,  and  had  no  trouble  until 
we  reached  the  head  of  Grand  island.  There  found  the  Only  Chance 
hard  aground  in  the  head  of  the  chute,  having  been  carried  there  by  the 
current  after  crossing  the  bar.  In  attempting  to  cross  the  bar  too  high 
up,  we  ran  agiound  10  a.  m.,  and  did  not  get  over  until  5  p.  m.  Ran 
until  dark  without  further  trouble. 

August  21. — Started  at  daybreak,  and  9.30  a  m.  arrived  at  Fort  Hawlev, 
a  trading  j)ost  of  the  Northwest  Fur  Company.  Left  Hawley  12  noon, 
and  at  4  i>.  m.  reached  our  wood-pile  of  the  11th,  where  we  lay  up  for 
the  night.  During  the  afternoon  we  were  giM^atly  retarded  by  a  strong 
head  wind,  which  twice  drove  us  into  the  bank,  and  twice  set  the  l>oat 
on  tire  by  si)ark8  from  the chimnejs.  The  crew  were  engaged  in  wood- 
ing until  11  p.  m.  Since  leaving  Fort  Buford  we  have  been  well  supplied 
with  fresh  meat,  principally  of  buffalo,  deer,  antelope,  and  wild  geese. 
The  country  is  full  of  game,  and  several  of  the  mountain  boats  we  have 
met  dei^end  so  much  on  a  good  g{\me  supplj',  that  they  only  bring  as 
stores  hard  bread,  hams,  bacon,  sugar,  coffee,  and  a  few  cans  of  vegeta- 
bles. 

August  22. — Started  at  daylight,  and  at  noon  ran  hard  aground  on  a 
bar,  nearly  opposite  Round  bute.  Put  our  wood  and  freight  ashore  with 
the  boat's  yawls,  and  after  live  hours'  sparring,  aided  by  a  shore  line, 
worked  off  and  tied  up  for  the  night.  Thus  far  down  I  have  not  notic*ed 
any  perceptible  change  in  the  channel ;  Just  below,  the  channel  through 
which  we  ran  in  coming  up  is  completely  filled,  and  a  channel  worked  out 
on  the  opposite  side  of  the  river,  giving  two  feet  large  in  the  shoalest 
place.  The  Miner  is  now  drawing  two  feet  scant,  which  will  not  be 
greatly  increased  by  the  little  freight  she  expects  between  this  and  St. 
Louis. 

August  23. — Started  at  daylight,  and  at  7  a.  m.  ran  aground  on  a 
hard  bar  opposite  Round  bute.  Agfiin  landed  our  wood  and  stores  in 
the  yawl,  and  tried  to  spar  oft*,  but  without  success,  and  finally  laid  a 
deadman  on  shore  above  us,  and  at  4  p.  m.  pulled  off  and  reloaded. 
Made  a  short  run,  and  without  further  trouble  made  a  landing  10  miles 
below  the  bute  ;  tied  up  for  night,  and  wooded. 

August  24. — Started  at  daylight,  and  without  sparring  reached  a  point 
two  miles  below  Milk  river,  where  we  found  a  very-  bad  crossing,  and 
were  obliged  t<)  lie  up  for  the  night  and  sound  for  a  channel.  Found 
the  river  from  Round  butte  to  Milk  river  greatly  changed,  and  for  the  bet- 
ter. The  majfuity  of  crossings  are  lower  down  than  we  found  them  on 
the  up  trip,  and  deeper ;  several  bars  have  entirely  disapjieared,  and  no 
new  ones  found.  The  channel  has  now  reached  its  low-water  position, 
and  unless  shifted  by  a  fall  flood,  will  i)robably  remain  as  at  present 
until  the  breaking  up  next  spring. 

On  the  up  trip  I  noticed  a  peculiarity  of  all  wooded  points,  from  the 
mouth  of  the  Yellowstone  to  t\i^.  lloxvw^Wivitt^.^  which  proves  a  continual 
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shifting  of  the  river  bed  towards  its  mouth.  On  the  upper  side  of  all 
points  the  banks  are  cut,  and  large  cotton  woods  are  growing  to  the  brink. 
In  passing  around  the  point,  the  cut  bank  becomes  less  and  less  in  height, 
and  the  growth  of  timber  gradually  becomes  younger,  until  the  point  cul- 
minates in  a  growth  of  willows,  and  beyond  these  plain  sand.  On  the 
lower  side  of  the  point,  until  entering  the  bight  of  the  succeeding  bend, 
the  shore  slopes  to  the  water  with,  first,  a  sand  beach,  then  willows, 
young  cottonwoods,  old  cottonwoods,  and  next  the  plateau's  dead  cotton- 
woods,  in  regular  gradation  of  age ;  showing  plainly  regular  denudation 
of  the  upper  part  of  the  point,  and  regular  formation  on  the  lower  side. 
This  gradual  movement  towards  the  direction  of  the  current  is  also 
shown  by  the  bluffs  on  either  side;  the  whole  line  showing  that  at  some 
time  each  portion  of  it  has  been  subjected  to  the  direct  action  of  the 
river.  The  bearing  of  this  characteristic  on  any  x)lan  of  improvement  is 
plain  ;  showing  that  any  improvement  now  made,  unless  it  be  for  pro- 
tecting the  banks,  for  a  few  years  hence  will  be  on  dry  hand. 

August  25. — Started  at  5  a.  m.,  and  in  attempting  to  enter  the  chute, 
in  rear  of  the  island  to  which  we  tied  last  night,  ran  aground,  and  were 
swung  around  by  the  current  so  a^  to  lie  directly  across  the  channel ;  a« 
the  width  of  the  chute  was  a  little  less  than  the  length  of  the  boat,  and 
as  the  current  set  in  very  strong,  we  found  great  difficulty  in  getting  off, 
but  succeeded  after  two  hours'  sparring,  and  had  no  further  trouble  of 
moment.  The  island  and  chute  lie  near  the  centre  of  Milk  Kiver  reach, 
and  the  cutting  of  the  channel  at  this  point  determines  its  characteris- 
tics through  the  reach.  Should  the  channel  choose  the  chute,  the  reach 
will  be  fair;  but  should  it  choose  to  cross  the  bar,  it  will  continue  bad 
quite  through  the  bend  below. 

The  channel  through  the  reach  we  found  tortuous,  but  regularly  formed 
and  good,  giving  three,  four,  five,  and  six  feet  of  water.  We  stopped  to 
wood  about  noon,  and  were  detained  two  hours,  after  which  we  ran  to 
Fort  Charles  bend,  and  at  4.30  p.  m.  lay  up  for  the  night  alongside  a 
good  deadening.  During  the  day  saw  thousands  of  buffalo  and  abund- 
ance of  other  game. 

August  26. — Started  at  5  a.  m.  and  laid  up  at  4  p.  m.,  on  account  of 
wind  in  bend  below  pjlk  Horn  prairie.  Had  no  trouble  during  the  day ; 
found  three,  four,  and  four  and  a  half  feet  water  over  the  worst  crossings 
in  Spread  Eagle  reach,  and  two  and  a  half  feet  over  crossing  in  bend 
above  Poplar  river.  Tlie  crossing  at  this  latter  place,  although  the  river 
has  fallen  about  two  feet,  is  nearly  the  same  as  we  found  it  going  up.  It 
is  in  the  same  place,  and  has  the  same  depth  of  water,  but  is  not  so  tor- 
tuous. Two  bends  above  Wolf  Point  are  much  obstructed  by  simgs,  but 
are  cutting  freely  and  shifting  the  channel. 

August  27. — Started  at  day-break  and  reached  Fort  Buford  at  0.30  p. 
m.  Were  delayed  by  a  strong  wind  which  sent  us  to  the  bank  several 
times,  but  without  damage.  Below  the  Big  Muddy,  at  several  points, 
high,  steep,  rocky  blufts  rise  from  the  water's  edge,  and  deposit  danger- 
ous rocks  in  the  channel,  which  it  would  be  desirable  to  clear.  Coal 
makes  its  first  appearance  in  these  bluffs  on  the  right  hand  side,  and  in 
fair  seams.  I  am  informed  that  these  deposits  of  coal  outcrop  on  the 
Yellowstone  as  far  up  as  Powder  river,  and  no  doubt  underlie  the  whole 
peninsula  between  the  Yellowstone  and  Missouri.  The  buildings  at  Fort 
Union  are  nearly  demolished,  and  the  material  taken  to  Fort  Buford. 
The  river  between  Union  and  Buford  is  very  much  cut  up,  but  has  fair 
water  in  the  channel.  The  Yellowstone  is  very  low,  and  at  its  junction 
with  the  Missouri  falls  about  18  inches  in  a  distance  of  100  yards,  over 
loose  rocks,  and  with  a  very  rapid  current. 
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August  28. — Started  from  Buford  at  8  a.  m.,  and  at  12  m.  were  forced 
hy  a  strong  wind  to  tie  up.  Started  again  at  6.30  p.  m.,  and  at  dusk  lay 
by  for  night  20  miles  below  Muddy  river.  Channel  ftiir  and  but  little 
changed  in  the  last  month.  But  few  snags,  and  those  not  large  or  trou- 
blesome.   The  river  full  of  drowned  grasshoppers. 

August  29. — Started  at  daylight,  and  after  a  fair  run  lay  up  below  Tide 
creek.  After  passing  Little  Knife  river,  found  the  channel  full  of  bars 
and  difficult;  grounded  several  times,  but  were  not  greatly  delayed, 
except  by  the  necessity  of  running  slow  and  sounding  frequently.  Day 
very  warm  and  indications  of  a  storm. 

August  30. — Arrived  at  Fort  Berthold  12  noon,  and  left  6  p.  m., 
expecting  to  make  Fort  Stevenson  before  dark.  Eight  miles  below  Fort 
Berthold  encountered  a  violent  wind-storm ;  were  driven  to  the  bank, 
and  were  obliged  to  tie  up  for  the  night.  The  wind  was  so  strong  that 
birds  left  the  trees  and  sought  shelter  in  the  underbrush.  Just  before 
dark  one  of  our  pilots  cauglit  a  half-grown  war  eagle,  who  bad  sheltered 
himself  in  the  bushes  and  could  not  rise  from  them.  From  Little  Knife 
river  to  Berthold,  the  river  is  obstructed  by  bars  and  a  few  snags ;  below 
Berthold  it  is  in  better  condition. 

August  31. — Arrived  at  Fort  Stevenson  8.30  a.  m.,  and  left  11  a.  m. 
Eiver  iui proving,  day  cold,  damp  and  windy.  Foui*  p.  m.,  lay  up  below  the 
mouth  of  the  Big  Knife  river  to  wood,  and  remained  during  the  night 
Channel  well  defined  and  with  good  water.  Not  materially  changed 
since  going  up,  although  the  river  has  fallen  about  four  fe^t  in  that 
time. 

September  1. — Started  5  a.  m.,  and  without  trouble  reached  Fort  Rice 
3.30  p.  m.  Here  we  expected  to  find  40  cords  of  good  dry  wood,  cut 
and  awaiting  us,  but  were  disappointed.  The  wood,  though  cut  and 
well  concealed,  attracted  the  attention  of  another  boat,  and  we  reached 
the  wood  pile  only  in  time  to  see  the  Centralia  leaving  with  30  cords  on 
board,  and  Captain  Hawley  obliged  to  pay  the  bill  at  $8  per  cord. 

Left  liice  G  p.  m.  and  ran  below  the  Cannon  Ball,  where  we  spent  the 
greater  part  of  the  night  picking  up  drift. 

September  2. — Started  5  a.  m.  and  ran  until  4  p.  m.,  when  we  were 
forced  by  wind  to  lie  up  40  miles  above  Grand  river.  Day  raw  and 
windy,  with  occasional  drizzle.  River  good,  and  had  but  little  trouble, 
only  grounding  twice,  and  both  times  sparring  off  with  ease.  In  con- 
versation with  Major  Galpin,  one  of  the  oldest  fiu*  traders  in  this  C4)un- 
try,  and  the  best  informed  I  have  met,  he  expressed  the  desire  of  all 
those  interested  in  the  development  of  the  upper  Missouri  valley  for  a 
thorough  geographic  and  geological  survey  of  the  country  drained  by 
the  Little  Missouri,  Heart,  Big  Knife,  Cannon  Ball,  Gi-and,  and  Moreuu 
rivers. 

He  has  been  over  the  greater  part  of  the  basin  drained  by  those 
streams,  and  is  impressed  with  its  value  as  a  grazing  and  mining 
country. 

From  his  report  I  should  Judge  a  survey  of  imiwrtance  in  establishing 
future  reservations  for  the  Sioux  Indians.  I  am  informed  that  the  cli- 
mate is  undergoing  a  gradual  but  marked  change  for  the  better,  notii*e<l 
even  by  those  who  have  spent  but  a  few  years  along  the  river.  Rain  is 
more  frequent,  vegetation  more  luxuriant,  and  winter  sets  in  late,  and 
in  places  cottonwood  trees  are  giving  way  to  ash  and  elms.  Com, 
potatoes,  and  oats,  have  been  grown  as  iar  up  as  Fort  Union,  and 
although  the  stjilks  were  stunted  the  grain  was  of  fair  size  and  quahty. 
At  Berthold  I  saw  ears  of  corn  six  to  eight  inches  in  length,  grown 
on  stalks  from  18  inches  to  2  feet  in  height. 
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September  3. — Started  at  5  a.  m.  and  made  a  good  day^s  run,  tying  up 
at  7  p.  m.  to  right  bank  below  Plum  island,  and  15  miles  above  mouth 
of  Big  Shayenne.  River  quite  good  with  the  exception  of  Swan  Lake 
Beach,  where  we  found  the  channel  well  cut  but  very  tortuous.  In 
passing  the  reach  w6  were  favored  by  a  dead  calm,  which  facilitated  the 
handling  of  the  boat,  and  enabled  us  by  running  carefully  to  keep  the 
channel.  Below  the  reach  we  were  delayed  an  hour  by  taking  the  wrong 
outlet,  but  afterwards  had  no  trouble.  The  bluffs  passed  to-day  are 
based  on  a  blue  clay  shale,  crumbling  where  exposed,  and  easily  blown 
down  by  wind.  On  the  bluffs,  under  which  we  lay  during  the  night,  I 
found  a  group  of  syenitic  boulders,  some  of  them  weighing  as  much  as 
three  or  four  tons.    Wood  scarce. 

September  4. — Reached  the  Big  Shayenne  9  a.  m.,  and  lay  for  night  10 
miles  below,  having  found  a  very  bad  river,  much  spread  out  and  full 
of  sand  bars.  Strong  wind  during  the  night,  slightly  abating  before 
morning.  Near  this  point,  when  going  up,  we  found  in  abundance  a 
plant  used  by  the  Indians  to  cure  the  bite  of  the  rattlesnake.  The  stem 
is  from  two  to  four  feet  in  length,  and  from  an  eighth  to  a  quarter  of  an 
inch  in  diameter,  the  leaves  long  and  slender,  and  from  four  to  six  inches 
apart,  joining  the  stem  along  the  line  of  a  very  oblique  spiral.  The  stem 
is  crowned  by  a  yellow  flower,  about  two  inches  in  diameter,  and  having 
the  api)earance  of  a  small  sunflower.  The  root  is  long,  and  has  but 
few  ramiflcations.  When  stripped  of  its  thick  outer  coating,  it  shows 
markings  and  color  very  much  resembling  the  skin  of  the  rattlesnake. 
My  informant,  an  old  hunter,  who  pointed  out  the  plant,  informed  me 
that  he  had  often  seen  it  used,  and  with  success.  The  person  bitten 
chews  a  small  piece  of  the  root,  swallows  the  juice  and  applies  the  pulp 
to  the  bite.  The  root  has  a  pungent  acid  taste,  but  is  not  unpleasant. 
Dr.  Kimball,  United  States  army,  stationed  at  Fort  Buford,  has  a  quan- 
tity of  the  plant,  and  will  report  on  it  to  the  medical  department. 

September  5. — Started  5  a.  m.,  and  reached  Old  Fort  Sully  12  noon. 
Were  several  hours  in  passing  Farm  island.  The  day  clear,  but  cool 
and  windy.  Run  the  channel  to  the  right  of  Farm  island,  and  were 
several  times  blown  aground  five  miles  below  the  island,  and  lay  during 
the  night  on  the  bar.  Steamer  Last  Chance  overtook  us,  and  lay  during 
the  night  a  few  hundred  yards  above. 

Farm  island  is  considered  one  of  the  worst  places  on  the  river,  as  the 
channel  shifts  frequently  from  one  side  to  the  other.  The  buildings  at 
Old  Fort  Sully  are  all  torn  down. 

September  6. — Made  about  15  miles,  and  lay  up  on  account  of  wind. 
Channel  fair,  but  the  surface  of  the  water  so  much  broken  by  the  wind 
as  to  make  it  difficult  to  determine  its  position.    Day  clear  and  cool. 

September  7. — Were  not  able  to  start  until  6  p.  m.  We  then  made  five 
miles,  and  tied  up  for  the  night.  Wind  continuing.  Plenty  of  water  in 
the  channel,  from  3  to  10  feet,  but  the  surface  too  rough  to  make  the 
crossings.  A  stern-wheel  boat  is  unmanageable  in  a  high  wind  unless 
loaded  down,  and  even  then  it  is  generally  safer  to  tie  up  than  to  run. 
The  wheel  can  only  act  in  the  direction  of  the  boat's  longer  axis,  and  in 
consequence  when  moving  obliquely  to  the  wind  the  boat  has  a  certain 
amount  of  lee- way  for  which  there  is  no  remedy',  and  she  is  blown  on 
a  bar  in  narrow  crossings,  or  ashore  in  bends. 

With  a  side- wheel  steamer  it  is  different,  for  the  wheels  can  be  used 
in  steering,  and  become  powerful  aids  to  the  rudder  when  used  skilfully. 
The  only  objection  to  side  wheels  is  the  amount  of  drift  met  in  the  early 
and  middle  seasons,  to  which  they  are  very  much  exposed,  and  from 
which  stern  wheels  are  in  a  measm-e  protected  by  the  hull. 


650  REPORT  OF  THE  SECRETARY  OF  WAR. 

Septembers. — Started  at  daylight,  and  at  9  a.  m.  were  blown  ashore  by  the 
wind  about 20  milesabove  Fort  Thompson, wherewelayuntil  4p.  m.  The 
bluflfs  at  this  point  are  composed  of  alternating  layers  of  sand,  gravel, 
and  clay  shale ;  at  their  foot,  and  apparently  coming  from  the  gravel  beds, 
I  found  large  numbers  of  two  casts  (shell  and  reptile,)  some  of  them  hav- 
ing a  metallic  filling  of  a  light  reddish  brown  color,  very  finely  grann- 
lated  structure,  and  of  such  hardness  as  to  scratch  glass  with  as  much 
ease  as  a  diamond  would.  The  cross-section  of  these  reptile  casts  is  an 
ellipse  showing  a  vertebral  joint,  solid  in  the  centre  of  the  ellipse,  and 
with  six  radical  points  running  to  the  outer  coating,  which  is  a  rich 
pearly  covering,  oak-leaf  markings  on  the  inner  skin.  I  have  found  at 
this  place,  and  at  several  points  further  up  the  river,  a  large  number  of 
these  remains  with  metallic  spar  andclaystone  fillings;  yet,  although  I 
searched  diligently,  could  not  find  a  head. 

The  diameter  of  those  seen  varied  from  one-fourth  of  an  inch  to  one  foot 
One  small  specimen  in  my  possession  has  become  highly  polished  in  the 
exposed  point,  and  resembles  polished  copper.  The  shell  casts  are  of 
sand  and  clay  stone,  some  of  them  with  the  shell  yet  adhering. 

Started  again  at  4  p.  m.,  and  at  night  lay  up  at  right  bank  opi)08ite 
Crow  creek,  with  wind  continuing  strong. 

September  9. — Kan  well  all  day,  and  reached  upi>er  landing  at  Fort 
Randal]  point  5.30  p.  m.  The  channel  runs  close  to  Randall  Point,  and 
is  obstructed  by  loose  rocks,  causing  a  very  stiff  current  around  the  point. 
At  6.30  we  attempted  to  cross  the  bar  opposite  Randall,  and  ran  hard 
aground.  The  bar  washed  from  under  us  very  rapidly,  and  at  12,  mid- 
night, washed  us  across  where  we  lay  until  morning.  An  anchor  put 
out  above  us  in  18  inches  of  water,  when  raised  in  the  morning,  was  found 
in  a  pocket  six  feet  deep.  This  bar  is  a  very  troublesome  one^  and  can 
only  be  remedied  by  clearing  the  channel  at  the  point  above,  and  throw- 
ing the  water  in  bulk  to  the  left  shore.  All  the  boats  down  within  the 
^  last  two  weeks  have  grounded  here,  and  lain  from  6  tx)  48  hours.  The 
day  has  been  quite  windy,  and  we  were  several  times  driven  ashore. 
We  i)assed  the  Centralia  above  Hamilton  ranch,  waiting  on  the  wind. 

September  10. — Started  7  a.  m.,  and  at  8  a.  m.  ran  aground  opposite 
Tower  butte.  The  morning  is  clear  and  cold,  with  but  little  wind ;  cleared 
the  bar  at  noon,  and  at  2  j).  m.  reached  Yancton  agency,  the  wind  in 
the  meantime  having  suddenly  revived  and  driven  us  once  ashore.  Since 
leaving  Fort  Rice  I  have  noticed  a  peculiarity  in  the  bar  formation,  but 
seldom  observed  above.  Sand  bars-and  sand-islapds  form  in  the  mid- 
dle of  the  stream,  giving  a  series  of  middle  bars  and  doubtful  crossings, 
the  channel  shifting  frequently  from  one  side  to  the  other,  and  giving  a 
difterence  in  depth  on  either  side  so  small  as  to  often  deceive  the  most 
practiced  pilots. 

Above  Rice  these  middle  bars  are  the  exception,  the  bars  forming 
below  each  point,  and  running  obliquely  towards  the  next  lower,  per- 
mitting but  a  single  crossing,  and  that  generally  well  defined.  Left 
Yancton  agency  5.30  p.  m.,  and  lay  for  the  night  above  the  mouth  of  the 
Niobrara. 

September  11. — Started  at  daylight,  and  lay  up  for  the  night  at  the 
mouth  of  Vermillion  river.  Found  the  channel  much  obstructed  by 
snags,  those  most  in  the  way  being  of  recent  deposit.  In  the  bend  below 
Yancton  village  boats  have  been  obliged  to  cut  a  channel  through  a  clus- 
ter of  very  large  green  trees  depositexi  within  the  last  six  weeks ;  the 
snags  vary  in  diameter  from  6  to  18  inches,  and  the  most  troublesome 
come  from  this  season's  cutting. 

The  mouth  of  VermiUiou  river  is  dammed  up  for  a  distance  of  200 
yards  by  a  deposit  of  mud  uuil  »a\iCittc>m\Vsi^V\$sft\a\.    Over  this  dis- 
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tance  the  Vermillion  falls  5J  feet,  with  a  rapid  current ;  the  water-way 
is  ten  feet  wide  and  from  one  to  two  feet  deei) — the  water  clear  and  cokl. 
All  the  small  streams  below  the  Yellowstone  have  been  dammed  in  a 
similar  manner,  but  have  cut  out,  so  far  as  observed.  Above  the  dam 
the  Vermillion  is  about  50  yards  wide,  and  with  a  slugpsh  current. 

September  12. — Started  at  daylight  with  a  better  river  than  yesterday, 
but  still  much  obstructed  by  snags.  Morning  cloudy  with  a  little  wind ; 
reached  Sioux  City  2  p.  m.,  and  remained  until  3  p.  m  Lay  up  for  the 
night  15  miles  below.  In  the  first  bend  l)elow  Sioux  City,  made  a  square 
crossing,  and  at  its  terminus  found  the  channel  contracted  to  about 
100  feet,  very  deep,  and  so  full  of  snags  that  we  were  half  an  hour  in 
working  our  way  through  them.  The  bank  was  from  10  to  15  feet  high, 
and  falling  in  rapidly,  promising  to  increase  the  width  of  channel  and 
the  number  of  snags.  At  Sioux  City  recommenced  sketch  to  connect 
with  starting  point  of  my  assistant. 

September  13. — Started  at  daylight,  and  ran  well  all  day,  reaching 
Omaha  shortly  after  dark.  The  river  very  tortuous,  and  the  bends  full 
of  snags.  The  section  from  Sioux  City  toOmaha  is  considered  the  most 
dangerous  part  of  the  Missouri,  and  when  once  cleared  will  require  con- 
stant attention  to  keep  it  free  from  snags.  Winding  for  the  greater  part 
of  the  distance  through  low  easily  cut  bottom  lands,  it  is  subject  to  very 
rapid  and  radical  changes  of  its  bed;  each  flood  sweeps  into  the  chan- 
nel manj^  hundred  acres  of  timber  to  form  dangerous  snags,  and  fre- 
quent cut-offs  occur  to  add  further  obstruction.  At  several  points  to- 
day the  pilots  informed  me  that  the  whole  water-way  had  shifted  within 
the  last  two  months  from  300  to  400  yards  into  timbered  points,  leaving 
the  last  year's  channel  a  barren  sand  bottom.  On  the  night  of  the  8th 
of  July  a  cut-off  occurred  above  Peru,  completely  changing  the  channel 
for  15  miles  on  either  side;  several  boats  were  carried  through  on  the 
9th,  and  barely  escaped  being  wrecked.  Another,  shortly  afterward, 
less  fortunate,  struck  a  log  and  was  lost,  together  with  several  of  her 
crew. 

September  14. — Started  at  11  a.  m.,  and  at  1  p.  m.  were  driven  ashore 
by  tlie  wind  at  St.  Mary's  cut  off,  and  were  obliged  to  lie  by  the  remain- 
der of  the  day.  Boats  have  had  trouble  just  above  and  in  bend  below 
us,  even  the  packet  getting  aground,  yet  the  river  is  considered  at  a 
good  boating  stage,  and  the  river  trade  is  quite  brisk.  Toward  night 
the  wind  increased  in  violence,  and  the  clouds  of  sand  from  the  old  bed 
of  the  river  and  from  the  point  below  us  were  almost  blinding. 

September  15. — Wind  very  strong  all  day,  and  we  have  not  moved  from 
our  landing.  Every  portion  of  the  cabin  and  state-rooms,  coated  with 
sand.  Three  boats  i)assed  us  bound  up;  two  of  them  side- wheel  steam- 
ers, and  the  third  a  stern -wheeler.  The  side- wheel  boats  passed  the  bar 
above,  and  the  stern-wheel  was  driven  aground  by  the  wind.  Direction 
of  wind  from  south  to  north. 

September  16. — Wind  at  times  increasing  to  a  hurricane,  and  continu- 
ing from  the  south,  with  indications  of  a  storm  coming  up  from  the 
northwest.  The  side-wheel  packet  Cornelia  passed  us  down  late  in  the 
afternoon,  and  the  Sunset  ditt^)  after  dark,  tying  up  one  mile  below.  Lay 
by  all  day,  and  have  fair  hop»^s  of  being  able  to  pusii  ahead  to-morrow, 
as  these  blows  generally  last  but  three  days. 

September  \1, — The  wind  having  moderated  during  the  night,  we  started 
down  at  6  a.  m.,  and  made  a  run  of  about  70  miles,  when  the  wind 
increased  to  such  violence  as  to  drive  us  to  the  bank  at  Nemaha,  1  p.  m. 
A  pelting  rain  accompanied  the  wind,  and  forced  me  to  put  my  sketch 
aside  and  depend  on  my  notes  of  obstructions.    The  wvwd  «t\i^\\\\^  vol  ^ 
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few  hours  we  again  started  down,  and  lay  up  for  the  night  20  miles  below 
Kemaha.  Parsed  the  Cornelia  at  Browns\ille,  the  St.  Joseph  and  Sun- 
set at  Plattsmoutli,  and  the  Underwriter,  of  Cincinnati,  at  the  wreck  of 
the  H.  S.  Turner,  employed  in  raising  it.  With  our  light  draught  we 
have  been  able  to  run  well,  but  boats  drawing  from  three  to  three  and  a 
half  feet  experience  great  trouble  in  several  of  the  crossings.  Dangerous 
snags  are  of  frequent  occiu'rence,  and  all  the  bends  are  more  or  less 
obstructed. 

September  18. — Kiver  fair  all  day.  Reached  St.  Joseph's  5.30  p.  m.,  and 
remained  until  next  morning.  The  crossing  above  St.  Joseph's,  which 
three  days  ago  gave  great  trouble  and  necessitated  sparring  on  three 
feet  of  water,  is  now  cut  out,  and  at  no  place  has  less  than  five  feet  over 
the  bar.  Snags  have  not  been  so  frequent  as  yesterday.  Day  fair  and 
warm. 

September  19. — After  a  run  of  175  miles  lay  up  for  night  at  a  wood-yard 
below  Liberty.  Night  clear  and  cool.  As  wood  is  quite  an  it«m  in  the 
economy  of  a  steamboat,  1  have  collected  the  following  tariff  of  prices: 

At  Fort  Hawley  $8  per  cord ;  Fort  Kice  $8 ;  Fort  Eandall  and  above 
from  $6  to  $8 ;  above  Sioux  City  $5 ;  above  Omaha  $2  50  to  $3  50 ; 
from  Omaha  down  $2  to  $3.  The  Miner  burns  in  24  hours  24  cords  of 
hard  wood  or  30  cords  of  dry  cotton  wood.  A  portion  of  the  river  passed 
to-day  is  in  very  good  condition,  and  other  portions  shallow  and  snaggy. 
Almost  every  bend  has  its  wreck  to  attest  the  danger  of  navigation. 
Many  of  them  are  rotten  with  age,  but  others  are  of  recent  date,  and 
have  become  dangerous  obstructions.  The  current  is  slowly  eating  into 
the  upper  bight  of  each  bend,  removing  the  flood  deposit,  and  daily  dis- 
closing new  snags.  It  is  a  peculiarity  of  the  Missouri,  due  to  it«  wide 
flood-bed  and  low  bottom-lands,  that  when  at  flood-height  the  channel 
is  cut  across  the  sand  points,  making  the  bight  of  the  bend  low  down 
and  filling  in  above.  As  the  water  falls  the  channel  gradually  works 
out  from  the  point ;  the  bight  is  made  further  and  further  up ;  shallow 
bars  form,  cut  away  and  reform  with  wonderful  rapidity  and  uncertainty; 
and  when  the  river  attains  its  medium  stage  the  channel  has  passed  over 
the  greater  i)art  of  the  bed  in  the  upper  half  of  the  bend,  and  brought 
in  succession  eiich  snag  in  that  i)ortion  directly  in  the  way  of  naviga- 
tion. 

September  20. — Ran  to  Slaughter-house  island,  just  above  Lexington, 
and  tied  up  for  the  night.  During  the  day  have  passed  alternating  sec-, 
tions  of  good  and  bad  river,  reported  in  detail  in  my  snag  records. 
Above  Glasgow  one  very  bad  bend  obstructed  by  bars,  and  also  a  similar 
series  of  bends  and  crossings  above  and  t>elow  Slaughter-house  island. 
From  Glasgow  to  the  latter  section  the  channel  is  remarkably  good. 
The  day  has  been  warm  and  pleasant. 

September  21. — Were  detained  at  our  moorings  until  8  a.  m.  by  a  fog; 
we  then  ran  until  dusk,  and  tied  up  half  a  mile  above  Pinkney.  Found 
the  channel  much  obstructed  by  bars  and  snags.  Loaded  boats  have 
had  greiit  difficulty  at  several  points  passed  during  the  day.  As  we 
draw  but  two  feet,  we  have  had  no  trouble.  The  fog  this  morning,  though 
not  heavy,  clung  to  the  water  and  obscured  the  view  at  a  distance  ahead, 
so  that  the  pilots  could  not  judge  of  the  terminus  of  the  Pinkney  and 
Miller's  landing  crossing,  and  be  sure  of  taking  the  i)roper  channel. 

September  22. — Again  detained  by  a  fog  until  8  a.  m.,  when  we  started 
from  Slaughter-house  island,  and  at  1.30  p.  m.  made  St.  Charles  without 
trouble,  although  we  passed  several  very  biid  bends  full  of  snags.  Made 
St.  Louis  5.30  p.  m.  The  river  from  St.  Charles  to  St.  Louis  very  goo<l,  with 
the  exception  of  the  Chobenier  islands  section,  where  the  channel  is 
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liable  to  frequent  shiftings  from  one  side  of  the  island  to  the  other. 
The  importance  of  clearing  the  river  of  snags  from  its  mouth  to  Omaha 
is  in  a  great  measure  due  to  the  packet-trade  on  that  section,  which 
necessitates  running  at  night,  and  makes  obstructions  of  the  kind  so 
much  the  more  dangerous. 

September  23,  24. — Remained  in  St.  Louis  collecting  commercial 
statistics  from  the  quartermasters'  and  commissary  dei)artments,  and 
from  the  records  of  the  Union  Merchants'  Exchange. 

September  2G. — ^Three  !>.  m.  started  for  Cincinnati  via  Ohio  and  Missis- 
sippi railroad. 

Septennher  27. — Arrived  in  Cincinnati  5  a.  m. 

Itinerary  of  route. 


Date. 


1867. 

Jalv      12 

1.3 

14 

13 

16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
26 
27 

28 

29 

30 

31 

Avgoit  1 

2 

3 

4 

4 

5 

6 


8 

9 
10 
11 
12 

13 
14 
15 

16 

17 

18 
20 

21 

22 


Place  of  departure. 


Time  of— 


Delay. 


StartiDg. 


Sioux  City , 

Poiika 

Bow  river 

Ponka  agency 

Yaucton  agency 

Fort  Randall 

Hamilton  Ranch 

Byon  hillM 

St.  John'n  wood-yard 

Old  Fort  Sully 

New  Fort  Sully 

Below  Big  Shnyenne 

Fort  Swan  Lake  Reach  . 

Below  Fox  itiland 

Bombentie  creek 

Below  Battle 

Fort  Rice 

Forty  raile«  above  Rice. . 
Forty -five  miles  above 

Rice. 
Sixty  miles  above  Rice.. 

Square  bntten 

Fort  Stevenson'tf 

Fort  Berthold 

Sand-bar  Great  Bend  . . . 
At  Wiiiie  Earth  river  .. 

Below  Muddy  river 

Fort  Buford 

Fort  Union 

Below  Stone  Point 

Above  Poplar  river 


Second  bend  above 


Near  Porcupine  creek. 

Milk  river 

Dry  Fork 


Point  aa  Poche 
Fort  Uawley  . . 


Two-calf  island 

Cow^  island 

Benton  road 


Two  and  one>half  miles 
below  Dauphin's. 

Dauphin's 

Three  miles  below  Dau* 
pliin's. 

Snake  Point 

On  bar 

Benton  road 

Grand  island  bar 


Fort  Hawley 
Wood-pile . . . , 


10. 30  a.  ro 
3am..... 

3  a.  m 

4  a.m 

8  a.  m 

2  p.  m 

3  a.  m 

4  a.  m 

4  a.  ra 

4  a.  m...., 
12m 

4  a.  m 

5  a.  m 

4  a.  m .... . 

4  a.  m 

4  a.  m 

.3.30  a.  m.. 

4  p.  m 

7  a.  m 


4  a.  m  • . . . 
3. 30  a.  m . 
3. 30  a.  m . 
a30a.  m. 
3.30  a.m. 

4  a.  m 

3.  30  a.  m. 
8.30  a. 
1.30p 
4  a.  m . . . 
6. 30  a.  m 


m.. 
m. 


4  a.  m. 


4  a.  m. 
8  a.  m. 
4  a.  m. 
4  a.  m. 
4  a.  m. 
4.30  a. 


m. 


4.30  a.  m. 

6  a.  m  — 

7  a.  m . . . . 


j^a.  m. 

7  p.  m. 
4  a.  m. 


12m... 
10  a.  m. 
7  a.  m . . 
5  p.  m.. 
4  a.  m.. 
12m... 
4  a.  m.. 


Stopping. 


Time. 


12  p.  m 

10  p.  m — 
12  p.  m — 

7  a.  m 

12m , 

8  p.  m 

9  p.  m 

9  p.  m.... 
J  p.  m...., 

12m , 

9  p.  m 


P- 
p. 
P- 
P- 
P. 
P- 
P. 
a. 


m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 


p. 

P- 
a. 

P- 
p. 
p. 


m. ... 

m 

m...., 

m 

m 

m. 

5.40  p.  m.. 

11.30  a.  m. 

8  p.  m 

8  p.  m  . . . . 

4  p.  m 


7  p.m. 

8  a.  m. 
7„.  m. 


9p.m.... 
8.30  p.m. 


8 


m. 
m. 


5p.  m- 
3  p.  m- 

7  p.  m. 

8  a.  m. 

8  p.  m. 
7  a.  m. 


1  p.  m  — 
1  p.  m  — 
10  a.  m... 
8  p.  m  — 
9.30  a.  m. 
4.30  p.  m. 
12m 


Hour$. 
3 
1 
1 


8 
9 
8 
3 
3 
3 
3 
5 
3 
4 
15 

2 
3 

15 


2 
6 
3 
4 

2 
4 

12 

6.30 


1 
4 

7.30 


7 
6 
7 


2.30 

8 


Cause. 


Wooding  at  Brazeans. 

Wooding. 

Wooding. 

In  port. 

Cutting  wood. 

Wooding  at  Old  Fort  Sully, 

Discharging  freight,  &.c. 

Discbarging  freight,  &,c. 

Wooding  at  foot  of  Swan  lake  reach. 

Wooded  below  Fox  iHlaod. 

Wooded  at  Bombeuse  creek. 

Wor»ded  below  Buttle  creek. 

Dischnrging  freight. 

Woodiug  40  miles  above  Rice. 

By  storui  and  damage  to  boat,  &C. 

Repairing  damage,  wooding,  and 
wind. 

Wooding  at  Square  Buttes. 

Di.>chHrgiug  freight  at  Stevenson's. 

Discharging  freight  at  Berthold. 

Sand-bar  in  Gretit  Beud. 

Stopping  several  times  for  wood. 

Wind  storm. 

Discharging  freight  at  Buford. 

Discharging  freight  at  Buford. 

Stoppat(e  at  Fort  Union. 

Difflcutt  bars  qear  Fort  Kip. 

Six  houra'  sparring,  six  hours'  wood- 
iug. 

Four  and  one-half  hours  on  bars,  two 
wooding. 

Reached  Milk  river. 

Fifteen  miles  in  11  hours. 

On  bar  four  hours  for  wood. 

Slow  paKt  Round  Buttes. 

In  faUe  channel. 

To  speak  steamer  Guidon  and  to 

WOiid. 

Rapids  and  bars. 

Nine  hours  pasMing  rapids. 

By  storm   two    and  one-half   miles 

below  Dauphin's. 
One  and  one-half  mile  in  three  hours. 


At  Snake  Point. 

Below  Snake  Point  on  bar. 
Below  Snake  Point  on  bar. 
Grand  island  bar. 


At  Fort  Hawley. 

Lay  from  12  m.  until  morning  on  bar. 
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Date. 


1867. 
Aug.     23 
24 
25 

26 
27 
28 
29 
30 

31 

Sept.       1 

2 
3 
4 


5 
6 

7 
8 

9 

10 


11 

12 

]3 
14 

15 
16 
17 

18 
19 
20 
21 
22 


Place  of  departure. 


Round  Butte  bar 

Bar  opposite  Butte 

Two  milt'H  bflow  Milk 

river. 
PortCbarlea 


Fort  Buford 

Below  Muddy  river 

Lidi  creek 

Fort  Berthold 

Below  Fort  Bt-rthold... 

Fort  StevenHon , 

Below  Big  Knife  river  , 

Fort  Rice 

Below  Cannon  Ball 

Abuvi*  Grand  river    . . . 
Above  Big  Sbayeune. . 

Big  Sbvenne 

B«low  *Fort  Sully 

Auqucr  Bongar  iitland  , 

Old  Fort  Sully 

Btlow  Old  Fort  Sully.. 


Below  Old  Fort  Sully. . 
Below  Old  Fort  Sully.. 
Above  Fort  Thoinptwn 
OppoHite  Coi  n  creek  . . . 

Fort  Randall 

Opposite  Fort  Randall  . 


Lower  bntte 

Yanclon  agency . . 

Niobrara 

VerinillioQ 

Sioux  City 

Below  Sioux  City 
Omaha 


St.  Mary'fl 

St.  Mary'H 

St  Mary's 

Nemaha 

Below  Nemaha 

St,  JoMeph 

Below  Liberty 

Slaughter-bouKe  iidand. 

Plukney 

St.  Charles 


Time  of— 


Starting. 


7  8.  m. 

4  a.  m. 

5  a.  m. 


4 
4 

6 
4 


5  a.  m.. 

5  a.  m. . 

8  a.  m.. 
a.  m.. 
a.  m. . 
p.  m. . 
a.  m. . 

11  a.  m. 
5a.  m.. 

6  p.  m. . 
5  a.  m . . 
5  a.  m . . 
5  a.  m  ■ . 

9  a.  m . . 

12  m... 
2  p.  m . . 
5  a.  m . . 


6  p.m 

5  a.  m . . . . 

4  p.  m 

5  a.  m 

6. 30  p.  m.. 

7  a.  m..... 


m. 


12  m    . 
5. 30  p. 

5  a.  m 

6  a.  m 

3  p.  m. . ... 

5  a.  m 

11  a.  m 


11  a.  li.... 
II  a.  m.... 
6  a.  m 

4  p.  m 

5  a.  m 

5a.  m..... 
5a.  m..... 

8  a.  m. 

8  a.  m. . .. . 
10. 30  p.m 


Stopping. 


7  a.  m 

6  p.  m. ... 
4.30  p.m. 


m. 
m. 


ro.. 


4. 30  p. 
ti.  30  p. 
9  p.  m. 

8  p.  m 
12  m  . . 
7  p.  m. 
8.30  a. 
4  p.  m . . . 
3. 30  p.  m 
7  p.  m... 
4  p.  m . . . 
7  p.  m  . . 

9  a.  m.  . . 
12m  .... 
2  p.  m... 
7  p.  m . . . 
7  p.  m . . . 


P- 
P- 
P- 
p. 
P- 
P- 
p. 


m. 

m. 

m. 

m. 

m. 

m 

m. 


1  p.  m 

7  p.  m 

5.30  p.m. 
7  p.  ni 

7  p.  m 

8  p.  m 

8. 30  p.  m . 
5.30  p.m. 


Delay. 


Time. 


p.  m 

a.  m 

p.  m 

30  p.  m . . 

p.  m 

a.  m 


Hour: 
13 
2 

7 


6.30 
3 
6 
1 
23 
4 

2.30 
1 
3 
1 


2 
6* 


13 

7 


1 
3.30 


14 

14 

3 


CauMe. 


AH  day  at  bar  oppo«ite  Butte. 

Sounding  below  Milk  river. 

Two  hours'  »parring  and  two  wood- 
ing. 

Wind. 

Delayed  by  wind. 

By  wind. 

Ban  and  wooding. 

At  Beithoid. 

Tied  up  f<r  wind. 

At  SteVenMU'il. 

WiMMiing. 

At  Fort  Rice. 

Wooded  below  Cannon  BalL 

By  wind. 

Taking  fal»e  channel. 

(Thirty  uiiletf   in   17  hours:   eaase, 

(     barn. 

At  New  Fort  Sully. 

Wooded  and  tied  up  for  night. 

By  bars  pacing  Old  Sully. 

Made  15  miles  during  the  day ;  caoae 
wind. 

Made  Hve  milei,  wind. 

Wind. 

Wooded  during  night. 

Slopping  at  liandail. 

Aground  on  bar  oppotdte  RandalL 

Four  houn  ou  l>ar  at  Lower  Bottf 
and  two  Kandull  bar. 

Yancton  agency,  wind. 

Verraillion  during  night. 
At  Sioux  City. 
By  Knagit  in  bend. 

Six  houn  at  Omaha  and  six  for  wild 

at  St.  Mary'«. 
AH  day  for  wind. 
All  day  for  wind. 
At  Nemaha. 

Over  night  at  St.  Joseph. 
Night  at  wood -yard  below  Liberty. 
Night  at  Slaughter-house  island. 
By  foggy  morning. 

Arrived  at  St.  Louis. 


Partial  list  of  snags  and  wrecks  in  the  loicer  section  of  the  Missouri  nrff, 

beginning  at  Fart  EaiidaU,  D,  T. 


Place. 


Fort  Randall— 

To  Tower  butte 

To  Yancton  agency 

To  Niobrara 

To  bend  below  Niobrara  . .. 
To  bend  above  Bonhoinme. . 

To  Yancton 

To  Ist  bend  below  Yancton. 

To  Dakota  river 

To  Bow  riyer 

To  Tide  creek 

To  Vermillion 

To  Vermillion  Bend 

To  ht  bend  below 


Shore. 

No. 

Left  ..  .. 

6 

20 

Right  ... 

13 

Lett  ..  .. 

5 

Right  ... 

8 

Right  . . . 

15 

Left  ..  .. 

25 

Left  ..  .. 

]J 

Left  ..  .. 

19 

Left  ..  .. 

30 

Right  ... 

6 

Left  ..  .. 

13 

Right  ... 

I       4 

Remarks. 


Catting  into  timber. 

Timbered  along  Bonhomme  island. 

Snag  cluster  troublesome,  cutting  into  timber. 

Cutting  on  left  into  timber. 

Cutting  on  left  into  timber. 

Cutting  on  left  into  timber. 

Cutting  into  timber. 

Cutting  into  timber. 
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Partial  list  ofsriags  and  terecks,  &c. — Contiuued. 


Place. 


bend  below 

»er  Fork  Bend 

t  bead  below 

»Dka 

i  beud  below  Ponka. 

bend   below  Ponka. 

bend  below  Ponka. . 
b  bend  below  Ponka. 
Ii  bend  below  Ponka 

5UX  City  cat>off 

oux  City 

r  Floyd  river 

ad  Willow  bar 

3t  Willow  bar 

ad  of  let  bend 

bend 

I  bend 

h  bend  


h  beud  . 
b  bend  . 
h  bend  . 
b  bend  . 
)th  bend 
th  bend 
Ith  beud 
ith  bend 
ith  bend 
»tb  bend 
e  Little 
e  Little 

V  Little 
«r  let  bend  . .. 
7  2d  bend 

V  3d  bend .... 

r  4th  bend 

above  cut-off 
ff 

7  cut-off 

above  Desoto 


Sioux  liver. 
SioQx  river. 
Sioux  river. 


Ji  Bend 

below  Desoto 

Calhoun 

lorence 

below  Florence 

above  Omaha 

bend  below 

id  bend  below 

I  bend  below 

:   Mary's  cut-off 

V  St.  Mary's  cut«off  .. 

Plattsmouth 

Hillsboro'  landing  . . 

Point  wood-yard 

ston  landing 

ille  landing 

s  Jane's  Point 

J  Jane's  Point 

below  Janes's  crosS' 


e  Wyoming 

f  Wyoming 

bend  below 

above  Nebraska  city . 


Shore. 


Left  . 
Right 
Left  . 


Right  .. 
Left  ..  . 
Right  .. 
Left  ..  . 
Right  . . 
Rig[ht  .. 
Left  ..  . 
Right  .. 
Right  .. 
Right  .. 
Right  .. 
Channel 
Right  .. 
Right  .. 
Left  ..  . 
Right  .. 
Left  ..  . 
Right  .. 
Left  ..  . 
Right  .. 
Left  ..  . 
Right  .. 
Left  ..  . 
Right  .. 
Left  ..  . 
Right  .. 
Left  ..  . 
Right  .. 
Left  ..  . 
Right  .. 
Left  ..  . 
Ri^ht  .. 
Lelt  ..  . 
Left  ..  . 
Left  ..  . 

Right  .. 
Right... 
Right  .. 


Left  . 
Right 
Left  . 
Right 
Left  . 


Right 


Left  . 
Left  . 
Left  . 
Right 
Right 

Right 
Right 
Left  . 
Right 
Left  .. 


No. 


15 

3 

21 

10 

6 

15 

B 

5 

12 

18 

3 

5 

6 

6 

15 

6 

7 

9 

10 

5 

3 

12 

0 

9 

21 

6 

25 

0 

JO 

15 

13 

12 

10 

9 

23 

2 

9 

10 

10 

2 

10 
1 
0 
4 
0 
3 
0 
8 

12 
7 

16 
5 
4 
8 
3 
2 
4 

30 
40 
10 
30 
23 


Remarks. 


Cutting  timbered  bank. 
Cutting  timbered  bank. 


Cutting  timbered  bank. 
Cutting  timbered  bank. 
Cutting  timbered  bank. 
Cutting  timbered  bank. 


Cluster. 

Cluster. 

Cluster. 

Cluster  in  narrow  channel  very  troublesome. 

Channel  unnatural  and  shifting. 

Cutting  timbered  banks. 

Blackbird  hills  cutting. timbered  banks. 

Cutting  into  timber. 

Cutting  to  timber  on  left. 

Cutting  to  timber  on  left. 

Cutting  to  timber  on  left. 

Cutting  into  prairie. 

In  upper  part  of  bend  timbered. 

Close  cluster  across  channel.  Sunken  steam V. 

Upper  half  of  bend. 

Close  cluster  across  channel.  Mariner  sunk. 

Cutting  into  prairie. 

Cutting  into  timber. 

Cutting  into  timber. 

Cutting  into  timber. 

Cutting  into  timber. 

Cutting  into  prairie  and  willows. 
Cutting  into  timber,  bad  place. 
Cutting  into  willows. 
Cutting  into  willows  and  timber. 
Will  be  entirely  changed  next  year. 
Cutting  into  timber  very  rapidly  600  feet  in 
two  months. 

Cutting  into  timber.   Cluster. 
Cutting  into  timber. 


Ought  to  be  removed. 
Great  number  large. 

H.  S.  Turner  sunk  by  one. 
Mostly  large. 
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Partial  list  of  snags  and  wrecks^  &c. — Continued, 


Place. 


First  below  Nebraska  city . . 

First  Sydney  landiug 

Above  cut-off 

Above  Kansas  Bend 

Cut-off  above  Peru 

Peru  Bend 

Brownhville 

Nemaha  Bend 

Opposite  month  of  Nemaha. 
Below  month  of  Nemaha... 

Below  St.  Stephen's 

Above  Rulo 

Rulo  Bend 

Biff  Parkie 

Below  Big  Parkie 

Bend  below  Nemaha 

Forcest  City  landing 

Iowa  Point 

Below  Iowa  Point 

At  Lafayette 

Crossing   below  Lafayette 

bend 

Charleston  Bend 

Arizona  Bend 

Arizona  Bend 

Arizona  Bend 

Next  Bend 

Above  St.  Joseph 

Above  St.  Joseph 

St.  Joseph 

To  Alan's 

Alan's  Bond 

Below  St.  Joseph 

Below  Alan's 

Below  St.  Joseph 

Dauphana  Bend 

Dauphano  Bend 

Below  Atchison 

Bend  below  Atchison 

Second  bend  below  Atchison 

Kickapoo 

Weston 

Fort  Leavenworth 

Above  Parkville 

Quindaro 

Above  Wyandotte 

Wyandotte  Bend 

Kansas  City 

Kansas  Ci ty  below 

Kansas  City  below 

Wayne  City 

Wayne  City  crossing 

Below  Liberty  landing 

Below  Liberty  landing 

Above  Missouri  City 

Below  Missouri  City 

Below  Missouri  City 

Below  Missouri  City 

Liberty  Bend 

Napoleon 

Below  Napoleon 

Below  Camden 

Below  Camden 

WeJiington 


Shore. 


Right  . 
Lett  .. 


Left 


Left 


Left  ..  . 

Left  ..  . 
Right  .. 
Right  .. 
Lett  ..  . 
Right  .. 
Ri^ht  .. 
Left  ..  . 
Right  .. 


Right  . 
Left  .. 
Right  . 
Left  . . 


Left  . 
Left  . 


Left 


Right 
Right 
Right 
Left  . 
Right 
Left  . 
Right 
Left  . 
Left  . 


Left  ..  . 
Left  ..  . 
Right  .. 
Left  ..  . 
Right  .. 
Left  ..  . 
Right  .. 
Right  .. 
Left  ..  . 
Right  .. 
Left  ..  . 
RigYkl  ... 


No. 


.30 
6 
5 

30 
6 
2 
6 
6 

16 


\ 


5 
4 

20 
10 
J2 
20 
25 
8 
3 
11 

10 

7 

13 

8 

6 

9 

15 

15 

20 

27 

2 

17 

6 

30 

6 

24 

7 

6 

3 

5 

10 

16 

18 

10 

16 

3 

6 

14 

13 

6 

5 

10 

24 

8 

11 

16 

15 

IJ 

5 

20 

15 

1 

12 


Remarks. 


Channel  cutting  into  wood. 


One  head  bar.    One  above.    Tow  head. 

Number  in  bank. 

Three  breaks. 

Timbered  bank. 

Old  mouth  of  Nemaha. 

Across  river. 

Chain  between  bar  and  Sand  point 

Timbered  banks. 


No  timber. 
Timbered. 
No  timber. 


Little  timber. 

Smith's  bend. 
Partly  timbered. 
Cutting  into  timber. 


Cut  away  100  yards  in  liist  fonr  months 


Bend  full  of  breaks. 
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Partial  list  of  snags  and  wrecks^  &c. — Continued. 


Place. 


e  Bend 

e  Bend . . . . , 

e  Bend 

t  Cambridge, 
dge  Bend... 

sland 

stand 

:ityBend... 


lock 

n  Bend  island  . . . . 
n  Bend  island.... 

I  Point 

3end 

rt  bluflF 

n  island 

e  Mount  Vernon. 

boy  Bend 

tnce  Bend , 

(bore  Bend 

^nce  Bend 

Hook 

Sandy  Hook 


Bend  island 

le 

n  City  Bend 

:e  JeffRfson  city 

n  City  Bend 

n     City,      opposite 


n     City,      opposite 


Dsage  cbate 

3ert  island 

9nd 

(1  Bend 

fftown 

ftde  island 

of  Gasconade  river 

;Gurk's  island 

ierman 

iland 

Brusb  island 

bove  Pinkney 

lelow  Pinkney 

Miller's  landing 

Bend 

n's  landing 

Pohlman's  landing . . 

t.  John's  island 

(Washington  City  . . . 

\ugusta 

ft  Bend 


k's  Point 

k's  Point 

Pow  Head 

n  Coal  Bank 

ton 

ton 9 

ton  island 

Shanghai 

Shanghai 

42w— PartU 


Shore. 


Right 
Right 
Right 
Left  . 
Right 
Lett  . 
Left  . 
Right 
Left  . 
Right 
Lett  . 
Right 
Left  . 
Right 
Left  . 


Left  . 
Right 
Right 
Right 
Left  . 
Right 


Right 


Right 
Left  . 
Left  . 
Right 

Left  . 

Right 
Right 


Left  .. 
Left  .. 
Right 
Right 


Right 
Left  , 


Left  . 
Right 


Left  . 
Right 


Left  .. 

Right 

Right 

Right 
Right 
Left  ., 
Rifrht 
Left  .. 
Right 
Right 
Left  . 
Left  .. 


No. 


10 

20 

8 

30 

17 

10 

15 

11 

8 

10 

40 

1 

11 

13 

2 

1 

17 

8 

6 

11 

6 

30 

5 

5 

8 

20 

3 

3 

4 

13 

10 
10 


25 

1 

26 

18 

9 

1 

25 


15 

18 

10 

4 

3 

4 

35 

40 

15 


7 

7 

12 

15 

3 

8 

19 

18 

14 


Remarks. 


Timber. 


Wreck — Snagged. 
Little  Arrow  Rock. 
Channel  fall  of  snags. 


Wreck  of  Robert  Emmett. 
Wreck  of  Mollie  Dozier  in  channel. 
Wreck  of  Sonora  and  Lancaster. 

Worse  place  in  lower  river — channel  shifts 
from  right  to  left  of  island. 


Rock  heap. 

Large  cluster  across  channel. 


Full  of  snags  and  rock  heaps. 
Opposite  St.  John  island. 

Snafirey  and  shifting  wrecks  of  Parker  and 

Eaton. 
Rock  heaps. 
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Partial  list  of  snags  and  tv^'ecJcSj  &c, — Continued. 


Place. 


Above  Waverly 

Below  Waverly 

Opposite  Crane 

Below  Crane 

Malta  Bend 

Below  Malta  Bend 

Below  Malta  Bend 

Kietsaw 

Miami,  above 

Miami,  above 

Magenta  Bend 

Brunswick 

Brunswick,   above    Grand 


nver 

Below  Brunswick 

Below  Brunswick 

Buckhorn  Point 

Along  Bend 

Bowling  Green 

White  Hall  landing 

Moinage  Bend 

Port  Royal 

Dozier 

Dozier  crossing , 

Below  Bonhomme  island. 

Howard's  Bend 

Howard's  Bend 

Point  St.  Charles  island. 

St.  Charles 

St.  Charles  Bend 

Chabonier  island 

Chabonier  island 

To  Corcomas  Point 

Peluvin  island 

Brickhouse  Bend 

Bellfontain  bluff 

Green  island 

Green  island 


Shore. 


Right 

Right 

Right 

Left  ., 

Right 

Left  . 

Right 

Left  . 

Right 

Right 

Le^. 

Right 


Right 
Left  . 
Right 
Right 
Left  . 


Right 
Left  . 


Right 
Right* 


Right 


Left  . 
Right 


No. 


1 

7 

5 

8 

13 

15 

20 

19 

24 

3 

30 

9 

40 

52 

1 

8 

17 

30 

9 

15 


13 
4 
2 

15 

15 
8 

12 

13 
8 

10 
2 

12 


3 

9 

25 


Remarks. 


Timbered  bank. 
Timbered  bank. 
Magenta,  sunk  1863. 


Heavy  timber. 

Shafl  of  steamer  Amaranth. 
Cutting  fast. 


Right  chute. 
Left  chute. 


Said  to  be  bad. 


GAUGE  RECORDS. 

Stage  of  the  Missouri  river  from  the  \^h  July,  1867,  to  the  ^2d  September^  1867, /rom  partial 
records  kept  during  the  second  trip  of  the  steawer  Miner  from  Siouz  dtp  and  return  to  ^. 
Louis f  Missouri. 


To— 

Hours  ob- 
served. 

Rise. 

Pall. 

Estimate  cbaoge  to  next  statioa. 

From — 

Running 
hours. 

Rise. 

Fall 

— 

1857. 
Jtrly  12, 12  p.  m  . . . 
July  13, 10  p.  m  ... 
July  14, 12  p.  m  ... 

July  13,3a.m : 

July  14.3a.m 

July  15,4  a. m..... 

July  16,3  &m 

July  17,4  a.  m 

July  18,4  a.  m 

July  19,4a.m 

July  25,12  m 

July  21,4  a.  m 

July  22,5  a.  m 

July  23,4  a.  m 

July  24,4  a.m 

3 

7 

7 
7 
15 
24 
7 
11 
10 
10 

Feet. 
.04 

FuL 

19 

2L 

16 

18 

17 

9 

8 

9 

14 

13 

14 

14 

Feet, 
.25 

F«t 

.05 
.04 
.07 
.08 
.08 
.16 
.25 
.    .06 
^    .09 
.09 
.06 

.81 
.16 

July  15,8p.  m 

July  16, 9  p.  m 

.18 

.SO 

July  17, 9  p.  m 

.10 

July  18,  i  p.  m 

• 

.06 

July  19,12  m 

.06 

July  20, 9  p.  m 

July  21, 6  p.  m 

.12 

.10 

July  22, 6  p.  m 

.19 

July  23, 6 p.  m.... 

.11 
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Stage  of  the  Miisouri  river  from  the  12th  of  July,  1857,  ^c— Continued. 


m — 


J7. 

p.  in  . . . . 
p.  m  . . . . 
p.  in  .. . . 
p.  m  . . . . 
p.  m  . . .  • 
p.  m  . . . . 

a.m 

p.  m 

p.  m 

p.  m 

.40  p.  m.. 

p.  ni 

p.  m 

p.  m 

p.  m 

p.  m 

p.  m 

.30  p.  m.. 

p.  m 

p.  m 

p.  m 

p.m 

p.  m 

p.  m . .   . . 

p.  m 

a.in 

p.in 

p.  m 

p.  m 

.30  p.  m  .. 

2m    

a.  in 

p.  m 

.30  p.  m. . 
.30  a.  m.. 
.30  a.  m.. 

a.  m 

p.  m 

2  p.  m . . . . 

p.  m 

p.  m 

p.  m 

p.  m 

p.  m 

p.  m 

p.  m 

a.  m 

p.  ID 

p.  m 

p.  m 

p.  m 

p.  m 

p.  m 

p.  m 

a.  m 

a.  m 

p.  m 

30  p.  m . . 

p.  m 

p.  m 

p.m 

30  p.  m.. 


T<H- 


Jn\j  25,4  a. m... 
July  26, 3.30  a.  m 
July  27,7  a.m... 
July  28, 4  a.m... 
July  29,  a  30  a.  m 
July  30, 3.30  a.  m 
July  31, 3.30  a.  m 
Aug.  1, 3.30  a.  m 
Aug.  2,4a.m... 
Aug.  3, 3.30  a.  m 
Aug.  4, 830  a.  m 
Aug.  5,4  a.m... 
Aug.  6,6.30  a.m 
Aug.  7,4  a.m... 
Aug.  8,4  a.m... 
Aug.  9,4a.m... 
Aug.  10,4  a. m... 
Aug.  11, 4  a.m... 
Aug.  12, 4.30  a.  m 
Aug.  13, 4.30  a.  m 
Aug.  14,6  a.m... 
Aug.  15,7  a.m... 
Aug.  16,5  a.m... 
Aug.  16,7  p.m... 
Aug.  17,4  a. m... 
Aug.  17, 12  m.... 
Aug.  18, 10  a.m.. 
Aug.  20, 7  a.m... 
Aug.  21,4  K.m... 
Aug. 22, 4  a.m... 
Aug.  23, 4  a.m... 
Aug.  24, 4  a.m... 
Aug.  25, 5  a.m... 
Aug.  26, 5  a.m... 
Aug.  27, 5  a.  m . . . 
Aug.  28, 8  a.m... 
Aug.  29, 4  a.m... 
Aug.  30, 4  a.m... 
Aug. 31,4  a.m... 
Sept.  1,5  a.m... 
8ept.  2,5a.m... 
•Sept  3,5a.m... 
Sept.  4,5a.m... 
Sept  5, 5  a.  m . . . 
Sept.  6,9a.m... 
Sept  8,5a.m... 
Sept.  8, 4  p.  m . . . 
Sept  9,5a.m... 
Sept  10,7  am... 
Sept.  11,5  a.m... 
Sept  12,6  a.m... 
Sept  13,5  a.m... 
Sept  14, 11  a.  m.. 
Sept  15,6  a.m... 
S«^pt  16, 6  a.  m . . . 
Sept  17,6  a.m... 
Sept  18,5  a.m... 
Sept  19,5  a.m... 
Sept  20, 5  a.m... 
Sept  21, 8  a.m... 
Sept  22, 8a.m... 
Sept  23,  5  a.m... 


Hours  ob* 
served. 


10 
II* 
13 
19 

8* 

9* 
18* 

6* 

7 

12* 
15 

8 

11* 
12 

9 

9 

7 

7* 

7* 

8* 
13 
16 
10 
11 

8 

5 
21 
42 

8 

ai* 

16 

21 

11 

12* 

12* 

13* 

7 

8 
16 
13 
10 
13 
10 
10 
14 
10 

7 

8 
12 

9 
10 
10 
15 
17 
24 
24 
10 

11* 

10 

13 

12 

11* 


Rise. 


Feet. 


.04 
.06 
.06 


FalL 


Feet. 

.08 
.07 


.02 
.06 
.02 
.03 
.06 
.07 
.04 
.05 
.05 
.04 
.04 
.03 
.03 
.03 
.04 
.08 
.10 
.08 
.09 
.06 
.04 
.20 
.35 
.05 
.05 
.04 
.06 
.03 
•.03 
.04 
.06 
.03 
.03 
.05 
.04 
.03 
.05 
.04 
.03 
.08 
.07 
.05 
.05 
.01 
.10 
.11 
.08 
.10 
.15 
.26 
.22 
.08 
.10 
.08 
.(8 
.08 
.08 


Estimate  change  to  next  station. 


Running 
hours. 


12 
14* 

2 
15 
14* 
17* 
17* 
17* 
11 
14 
11 
16 

9* 
15 
15 
17 
16* 
17 
15* 
12f 

9 
12 

3 

1 

3 

1 

3 
13 
12* 

8 

3 
14 
11* 
11* 
13* 
13 
12 

8 
12 
14 
11 
14 
14 
14 
10 

4 

5 
14 
13 
15 
13 
15 

2 


13 
12* 
14 
14 
12 
9* 


Rise. 


Feet. 


.01 
.05 
.12 


FalL 


FeeL 
.10 
.08 


.04 
.07 
.09 
.05 
.08 
.06 
.08 
.04 
.06 
.06 
.08 
.07 
.07 
.07 
.06 
.06 
.08 
.02 
.01 
.OS 
.01 
.03 
.12 
.07 
.03 
.01 
.04 
.08 
.03 
.04 
.07 
.05 
.03 
.04 
.04 
.03 
.06 
.05 
.04 
.06 
.08 
.04 
.07 
.12 
.18 
.12 
.11 
.02 


.12 
.10 
.12 
.11 
.07 
.06 


TIME   OP  TRIP. 


Hours. 


^t.  Louis  to  Sioux  City 212 

Moux  City  to  Dauphin's  rapids  and  return  to  St.  Louis 1, 698 


Total  round  trip 1, 910 


660 


REPOKT  OP  THE  SECRETARY  OF  WAR. 


RUNNING  TIME. 


Prom  Sioux  City  to  Dauphin's  and  return  to  St.  Louis 

Delays  from  Sioux  City  to  Dauphin's  and  return  to  St.  Louis 


Honn. 
850 
848 


FALL  OF  RIVER. 

Feet 

From  12th  of  July  to  23d  of  September,  record  of  trip 9. 73 

From  12th  of  July  to  23d  of  September,  St  Louis  record 18. 48 

From  14th  of  August  to  3l8t  of  August,  record  of  trip 1.60 

From  14th  of  August  to  31st  of  August,  Fort  Bice  record 2. 54 

From  14th  of  August  to  31st  of  August,  St.  Louis  record 4. 39 

From  1st  of  July  to  30th  of  September 16.27 


Rise  and  fall  of  the  Missouri  river  at  Fort  Bic€.D.  T,<,from  August  14, 
1867^  to  August  31,  1867 ;  recorded  by  First  Lieutenant  W.  I.  Bee^j 
22d  tnfantryy  and  ousting  assistant  quartermaster. 


Date. 


1867. 

^  15 
16 
16 
17 
17 
18 
18 
19 
20 
21 
21 
22 
22 
23 
23 
24 
24 
25 
25 
26 
26 
27 
27 
28 
29 
30 
31 


Time. 


Night 

Night 

Day 

Night 

Day 

Night......... 

Day 

Night 

Day 

Night 

Day 

Night 

Day 

Night 

Day 

Night 

Day 

Night 

Day 

Night 

Day 

Night 

Day 

Night 

Day  and  night , 
Day  and  night. 
Day  and  night 
Day  and  night. 


Rifle. 


.08 


FalL 


.06 
.12 
.06 
.U 
.12 
.12 
.00 
.06 
.06 
.08 
.00 
.12 
.00 
.00 
.12 
.12 
.06 
,06 
.16 
.16 
.08 
.12 
.06 
.06 
.17 
1.09 
.16 
.00 


KEPORT   OF  THE    SECRETARY   OF   WAR. 


661 


Sta{^  of  the  Mississippi  river  at  St.  Louis j  Missouri^  during  the  months  of 
July  J  August^  and  September  y  1867  j  from  the  official  records  of  the 
engineer  of  the  city  of  St  Louis. 


Date. 

Above  low 

water  of 

1863. 

Below  high 

water  of 

1844. 

Below  city 
directrix. 

Rise. 

Fall. 

1867. 
July        1 
2 

Feet, 
24.52 
24.64 
24.72 

Fert. 
16.87 
16.75 
16.66 

Feei. 
9.29 
9.17 
9.08 

FuL 

0.48 

.12 

.09 

Feet. 

3 

4 

5 

25.42 
-25.89 

15.97 
15.50 

8.39 
7.92 

.69 
.47 

6 

7 

•  ••••• >•••  ■*>■ 

8 

26.39 
26.81 
26.71 
26.75 
26.29 
26.25 

•  •••••   ••••  **•• 

15.00 
14.58 
14.64 
14.64 
15.10 
15.14 

7.42 
7.00 
7.10 
7.06 
7.52 
7.56 

.50 
.42 

9 

10 

6.16 

11 

.04 

12 

0.46 

13 

.04 

14 

15 

25.93 
25.89 
26.39 
26.66 
26.27 
25.31 

15.46 
15.50 
15.00 
14.73 
15.12 
16.08 

7.88 
7.92 
7.42 
7.15 
7.54 
8.50 

.32 

16 

.04 

17 

.50 
.27 

•  •■•**•  ••••  •••* 

18 

19 

.39 

20 

.96 

21 

22 

24.31 
23.64 
23.14 
22.48 
22.21 
21.02 

17.08 
17.75 
18.25 
18.91 
19.18 
20.37 

9.50 
10.17 
10.67 
11.33 
11.60 
12.79 

1.00 

23 

.67 

24 

.50 

25 

.66 

26 

.27 

27 

.19 

28 

29 

21.10 
20.21 

20.29 
21.18 

12.71 
13.60 

.08 

30 

.89 

31 

iug.        1 

.      19.94 
19.75 
19.44 

21.45 
21.64 
21.95 

13.87 
14.06 
14.37 

.27 

.19 

3 

.31 

4 

5 

19.00 
18.50 
18.04 
17.54 
17.50 
17.31 

22.39 
22.89 
23.35 

28.85 
23.89 
24.08 

14.81 
15.31 
15.77 
16.27 
16.31 
16.50 

.44 

6 

.50 

7 

.46 

8 

.50 

9 

.04 

10 

.19 

IJ 

12 

17.00 
16.92 
16.87 
16.71 
16.61 
16.39 

24.39 
24.47 
24.52 
24.68 
24.78 
25.00 

16.81 
16.89 
16.94 
17.10 
17.20 
17.42 

.31 

13 

.08 

14 

.05 

15 

.16 

16 

.10 

17 

0.22 

18 

19 

15.79 
15.54 
15.31 
14.96 
14.58 
14.23 

25.60 
25.85 
26.08 
26.43 
26.81 
27.16 

18.02 
18.27 
18.50 
18.85 
19.23 
19.58 

.60 

20 

.25 

21 

.23     . 

22 

.a5 

23 

.38 

24 

.35 

25 

26 

13.71 
13.39 

27.68 
28.00 

20.10 
20.42 

.52 

27 

\        ."Ja. 
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Stooge  of  the  Mississippi  river  at  8t.  Louis^  Missouri^  dsc. — Continued. 


Date. 

Above  low 

water  of 

1863. 

Below  bi^b 

water  of 

1844. 

Below  city 
directrix. 

Rise. 

Fall 

1867. 
Aug.      28 
29 

Feet. 
13.25 
13.04 
12.69 
12. 48 

FeeL 

28.14 

28.35 

28.70 

28.91 

Feet, 
20.56 
20.77 
21.12 
21.33 

Feet, 

Fetl, 
.14 

.21 

30 

.35 

31 

.21 

Sept.        1 
2 

12.44 
12. 27 
12.00 
11.67 
11.35 
11.02 

28.95 
29.12 
29.39 
29.72 
30.04 
30.37 

21.37 
21.54 
21.81 
22.14 
22.46 
22.79 

.04 

3 

.17 

4 

.27 

5 

.33 

6 

.32 

7 

.33 

8 

9 

10.73 
10.56 
10.33 
10.08 
9.85 
9.56 

30.66 
30.83 
31.06 
31.31 
31.54 
31.83 

23.08 
2.3.25 
23.48 
23.73 
23.96 
24.25 

.29 

10 

.17 

11 

.23 

12 

.25 

13 

.23 

14 

.29 

15 

16 

9.00 
8.77 
8.56 
8.39 
8.23 
8.06 

32.39 
32.62 
32.83 
33.00 
33.16 
33.33 

24.81 
25.04 
25.25 
25.42 
25.58 
25.75 

.56 

17 

.23 

18 

.21 

19 

.17 

20 

.16 

21 

.17 

22 

23 

7.81 
7.77 

33.58 
33.62 

26.00 
26.04 

.25 

24 

.04 

25 

26 

27 

7.73 

8.50 

33.66 
32.89 

26.08 
25.31 

.04 

28 

.77 

29 

30 

8.25 

33.14 

25.56 

.25 

■ 

COMMERCIAL  STATISTICS. 

Arrivals  and  departures  of  steamers  at  8t.  Louis  to  and  from  Missouri 

river. 


January.. 
February.. 

March. 

April 

M!ay 

June 

July 

August 

September. 


Arrived. 


Total 


Number. 


2 
12 
35 
28 
44 
46 
40 
33 

246 


Departed. 


January... 
February.. 

March 

April 

M!ay 

June 

July 

August 

September 

Total. 


Number. 


5 
89 
56 
59 
31 
32 
41 
33 

286 
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lal  list  of  accidents  to  the  Missouri  river  fleet  for  the  season  of  1^1. 


mer. 


rover 

lance 
iimer 
?oe.- 
•n.  .- 

[.... 

f 

elle . . 


Accidents. 


Struck  a  heavy  log  and  returned  to  St.  Louis  for  repairs. 

Grounded  at  Poiut-Au-Pocke  and  proved  a  total  loss  ;  cargo  saved. 

Sunk  near  De  Soto ;  boat  and  cargo  lost. 

On  second  trip  broke  her  shaft  near  Decatur  and  returned  to  St.  Louis. 

Broke  her  shaft  at  De  Soto  and  returned  to  SL  Louis. 

Met  with  accident  at  Little  Sioux  and  returned  to  St.  Louis. 

Sunk  by  snag  below  Wyoming. 

Snagged  and  sunk  at  GascontuSe  island. 

Wrecked  in  Peru  Cut-off, 

On  her  return  caught  bv  low  water  at  Milk  river  and  will  probably  be  lost. 

(Arrived  at  St.  Joseph,  Missouri,  safe.) 
Snagged  and  sunk  in  Bowling  Green  bend  November  24,  1867.     Total 

loss. 
Sunk  at  Lisbon  landing  November  26,  1867. 
Last  reported  aground  near  Milk  river. 


ent  of  steamers  that  left  St  Louis  for  Fort  Benton  and  the  upper 
iouri^  mith  the  date  of  arrival  at  destination^  tcith  tons  of  freight 
n  up  and  date  of  return  to  St  Louis, 


Boat. 


Poe.... 

lance.. . 
mson... 

rn 

)ance... 

r 

Ue 

neer  ... 
th 

)dg©.... 

* . .  •  • .  •  • 

I's'.'.'!!, 

n 

No.'i!!! 

rover.. . 

^kdale . . 
3rown  .. 

i 

kompson 
)lle 

Graham. 


Left  St. 
Louis. 


March  28 

March  28 

March  29 

March  30 

March  30 

March  31 

March  31 
April 


April 

3 

April 

4 

April 

6 

April 

6 

April 

9 

April 

JO 

April 

11 

April 

12 

April 

12 

April 

12 

April 

13 

April 

13 

April 
April 
April 
April 
April 
April 
April 
April 


April 
April 
April 


16 

la 
18 

18 
20 
20 
20 
23 


April       23 
April       23 


24 
25 
26 


April       27 


Arrived  at — 


Fort  Benton.. 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Muscle  Shell.. 

Fort  Benton  . . 

Do 

Do 

Do 

Do 

Do 

FortBuford.. 

Fort  Rice 

Fort  Benton .. 
Do.... 
Do.... 
Do.... 

FortBuford.. 

Fort  Benton  . 


Date. 


June 

June 

June 

June 

June 

May 

June 

May 

June 

June 

June 

June 

July 

June 

June 

July 

June 


July 
July 


June 
June 
June 
July 
July 
July 
June 
July 


9 
1 

14 

11 

3 

25 

14 

31 

10 

30 

2 

3 

3 

11 

20 

8 

20 


June       12 


4 
8 


June       18 


12 
5 

30 

23 
5 
8 

26 
5 


Freight. 


Tons, 
183 
185 
265 
210 
198 
160 
190 
150 
330 
225 
208 
210 
270 
129 
225 
218 
200 
150 
150 
200 
230 
242 
150 
250 
250 
125 
250 
300 
200 
170 
180 
129 
300 
160 


Returned. 


June 
June 
July 
June 
June 
June 
June 
June 
June 
July 
June 
June 


25 
16 
4 
30 
21 
16 

17 
25 
18 
17 
16 


June     25 
Sept.'      5 


July      1 1 


June     28 
Dismantled 


June 
June 
July 


25 
16 
18 


July      26 


July 
July 


8 
26 
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Statement  of  Steamers  that  left  8t.  Louis  for  Fort  Bewtony  dec. — Continaed. 


Boat. 


Ned  Tracy 

G.B.Allen 

Little  Rock 

Cornelia 

Lady  Grace 

Lexington 

Silver  Lake  No.  4 

Richmoud 

Tom  Stevens 

Octavia 

Ida  Fulton 

Nora 

Imperial 

£venin||r  Star 

Paragon 

Dictator 

Zephyr 

Mary  McDonald. 
City  of  Pekin... 

P.  S.McGill 

Jennie  Lewis . . . 

Centralia 

Last  Chance 

Miner 

Carrie 

Huntsville 

Mountaineer  . . . . 

Only  Chance 

Deer  Lodge 

St.  John's 

Mary  McDonald. 

Benton 

Amaranth 

Lady  Grace 

Amelia  Poe 

W.  B.  Dance 

Mountaineer .... 


Left  St. 
Louis. 


April  27 

May  1 

May  1 

May  3 

May  5 

May  7 

May  7 

May  8 

May  11 

May  11 

May  11 

May  14 

May  17 

May  18 

May  18 

May  22 

May  23 

May  25 

May  25 

May  28 

May  31 

June  12 

June  18 

June  29 

July  2 

July  3 

July  3 

July  4 

July  29 

August  9 

August  10 

August  29 

Sept.  3 

Sept.  3 

Sept.  7 

Sept.  7 

Sept.  24 


Arrived  at— 


Fort  Berthold 

Fort  Rice 

Fort  Benton. 

Fort  Berthold. 

Fort  Benton  . 

Fort  Sully... 

Fort  Benton.. 

Do 

Do 

Do 

Do 

Do 

Cow  Island  .. 

Fort  Berthold. 

Fort  Buford  . . 

Fort  Sully.... 

Fort  Benton  . . 

Fort  Berthold. 

Fort  Union . . 

Fort  Berthold. 

Fort  Sully..., 

FortHawley.. 


Cow  Island.. 
Fort  Buford... 
Fort  Benton  . . 
Fort  Berthold 
Fort  Benton  . , 
Fort  Buford.. 
Plum  Island.. 
Fort  Berthold. 


Fort  Berthold 
Fort  Rice 


Date. 


June 
June 
July 
June 
July 
Juno 
July 
July 
July 
June 
July 


21 
7 
14 
13 
11 
20 
16 
27 
10 
20 
16 


Sunk. 
August  1 1 
June  22 
July  I 

June       16 

June  28 
July  5 
July  8 
June  19 
August  23 


August   13 
August     7 


August  7 

August  29 

August  24 

August  29 

Sept.  3 


Freight. 


Tont. 

400 
400 
165 
450 
234 
522 
350 
270 
100 
190 
175 


225 
300 
400 
182 
150 
452 
295 
430 
400 
525 
175 
160 
223 
250 
360 
185 
150 
No  freight. 
225 
200 
225 
225 
180 
190 
300 


Returned. 


July      1 
June     16 


June    84 
June    30 


July      8 


June  90 
July  10 
June    26 


July      7 


June     25 
Sept.    27 


Sept.    22 

Sept,   ie 


Statement  of  shipments  from  St.  LouiSy  Missouri^  up  the  Missouri  river  from 

January  1  to  October  1,  1867. 


862  barrels  apples. 

766  casks  bacon. 
15,556  packages  bacon. 

311  sacks  bran. 

551  packages  butter. 
6,289  barrels  cement. 
10,211  sacks  coffee. 

793  barrels  corn  meal. 
10,098  packages  crackers. 
20,860  barrels  flour 

925  bales  gunnies. 
2,007  bundles  gunnies. 

507  bales  hay. 


8,266  biDs,  12,875  pieces. 
1,419  packages  lard. 

607  barrels  lime.- 
1,928  barrels  liquor. 

7.719  boxes  liquor. 

1,343  barrels,  1,507  half  barrels. 
141,627  bushels  oats. 

263  packages  onions. 
18,149  bars  railroad  iron. 
7,976  sacks  and  barrels  potatoes. 
2,385  coils  rope. 

1.720  sacks  and  barrels  seed. 
164  hogsheads. 
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Statement  of  shipments  from  8t,  LouiSy  Missouri  j  dkc. — Continued. 


12,184  barrels. 

1,324  tons  iron. 

582  boxes. 

1,447  rolls  leather. 

8,495  M  shingles. 

16,380  feet  lumber. 

2,237  barrels  vinegar. 

2,068  sacks  malt. 

5,170  barrels  whisky. 

31,082  kegs  nails. 

8,761  boxes  glass. 

5,359  kegs  molasses. 

3,787  kegs  white  lead. 

4,643  baiTcls  oil. 

1,252  kegs  ale  and  beer. 

5,710  bundles  paper. 

375  sacks  barley. 

1,412  barrels  pork. 

2,043  sacks  and  barrels  beans. 

827  packages  pork. 

2,379  bundles  brooms. 

4,964  sacks  salt. 

62  head  cattle. 

33,634  barrels  salt. 

3,292  boxes  cheese. 

12,945  bags  sugar. 

33,155  sacks  corn.     ^ 

12,001  packages  manufactured  to 

51,314  packages  cotton  yarn. 

bacco. 

2,690  sacks  and  bbls.  diied  fruit. 

243  sacks  wheat. 

129,875  packages  groceries. 

267  barrels  wiue.  ' 

15,794  packages  glassware. 

3,770  boxes  wine. 

1,852  sacks  hair. 

388,000  packages  sundries. 

45,718  packages  hardware. 

GEO.  H.  MOEGAN, 

Secretary  Union  MerehanU?  Exchange^  St  Louis^  Mo, 

Statetnent  of  receipts  at  the  port  of  St.  Louis  from  the  Missouri  river  from 

Jammry  1  to  October  1, 1867. 


391,734  bushels  wheat. 
325,060  bushels  com. 
94,305  bushels  oats. 
8,068  bushels  rye. 
7,460  bushels  barley. 
2,870  barrels  flour. 
7,711  hogsheads  tobacco. 
1,743  boxes  tobacco. 
21,477  bales  hemp  and  tow. 
1,742  packages  lard. 

674  kegs  lard. 
3,272  packages  furs. 
1,379  packages  peltries. 
2,247  bales  and  packages  wool. 
11,694  hides. 

829  bundles  hides. 
215  barrels  grease. 


2,093  casks  and  barrels  bacon . 
10,551  pieces  bacon. 
1,000  barrels  apples. 

141  barrels  alcohol. 

975  sacks  bran. 

898  sacks  dried  fruit. 

235  barrels  pork. 
18,318  pieces  pork. 

508  bales  rags. 

882  sacks  seeds. 

354  bales  tallow. 

133  barrels  whisky. 
3,522  head  cattle. 
8,487  head  hogs. 
2,956  head  sheep. 
8,986  packages  sundries. 


GEO.  H.  MOEGA]!^, 
Secretary  Union  MercMnts^  Exchange, 
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LiM  of  government  freight  shipped  up  the  Missouri  river  by  Brevet  Lieu- 
tenant  Colonel  C.  W.  Thomas,  quartermaster  United  States  army  at  St. 
LouiSj  Missouri. 


Date. 

Name  of  steamer. 

Destination. 

Pounds  weight 

Horses. 

i 

9 

m 

a 

B 
< 

• 

m 
S 

o 

March  25 

Yellowstone 

Sam  Oat V. ...... .. 

Fort  Leavenworth.. 
Omaha 

189,120 

353,513 

38,593 

20,018 

4,097 

200 

72,242 

32,996 

535,344 

2,000 

220 

188,856 

57,844 

298,375 

28,440 

18,293 

384,873 

20, 494 

297,536 

123 

80,827 

29 

1 

30 

0.  B.  Allen 

Mary  McDonald 

H.  S.  Turner 

Marv  McDonald .... 

Fort  Leavenworth.. 
Omaha 

April       3 
3 

Fort  Leavenworth.. 
do 

4 

10 

War  Eagle 

Yellowstone 

Jennie  Lewis 

St  John's 

Omaha  ............ 

10 

Fort  Leavenworth.. 
Omaha 

11 

72 

10 

Fort  Sullv 

10 

do 

Fort  Buford 

Fort  Benton 

Camp  Cooke 

Fort  Benton 

Camp  Cooke 

do  ........... 

10 

do 

2 

10 

do 

12 

Bii?  Horn 

2 

12 

...!.. do. !!!.■;."!!!! 

13 

H.  S.  Turner 

4 

13 

do 

Fort  Benton 

do 

2 

12 

Benton 

2 

12 

do 

Camp  Cooke 

Omana 

10 

Jennie  Lewis 

Columbian 

13 

..  .do 

April     17 
17 

Abeona  

Fort  Benton 

1 

....do 

Camp  Cooke 

Fort  Buford 

Fort  Leavenworth.. 

Fort  Benton 

Camp  Cooke 

Fort  Buford 

Omaha 

142,675 
100,000 

22,628 
105,247 
186, 742 

39,569 

485,952 

4,440 

434,233 

24,085 
130,516 

70,3:^8 
212,715 

86,899 

16,900 

99,127 
•  a5, 838 

48,510 

82,100 
540, 047 
241,642 
410,200 
124,648 

81,963 

750,368 

3.246 

64,000 
670, 190 
161,666 
372, 976 

72,500 
616,899 

64,249 
361,617 
324,037 

6 

April     18 
18 

Ida  Stockdalo 

G.  B.  Allen 

Lilly 

18 

*  •  •  « 

33 



2 

18 

..do 

18 

..do 

20 

W.  L  Lewis 

do 

20 

Fort  Leavenworth.. 

Fort  Buford 

Camp  Cooke 

do 

1    ■■ 

22 

Carrie. ...... ...... 

[--- 

20 

Gallatin 



20 

....L... 

22 

G.  A.  Thomnson 

10 

22 

...... ..do ....... .. 

Fort  Benton 

Fort  Randall 

Yucoton 

•  •  •  « 

32 

3 

25 

Marcella. .... ...... 

25 

....do 

do 

25 

Omaha  ............ 

1 

25 

Luella  ...... ...... 

Camp  Cooke 

Fort  Buford 

Fort  Benton 

Camp  Cooke 

Fort  Sullv 

25 

....do.  ............ 

20 

Lilly 

« 

25 

Silver  Lake,  No.  4.. 

G.  W.  Graham 

Ned  Tracy 

*          * 

26 

27 

Fort  Rice 

27 

......do  .- 

Fort  Berthold 

Fort  Leavenworth.. 
Omaha 

•  •  •  • 

78 

i3 

27 

Yellowstone 

Kate  Kinney 

G.  B.  Allen 

Glascrow 

27 

May        1 
3 

Fort  Rice 

Fort  Leavenworth.. 
do 

4 

War  Eagle..-. 

•  •  •  * 

3 

Cornelia. .......... 

Fort  Berthold 

Fort  Buford 

Omaha 

4 

Lady  Grace 

War  Eagle 

6 

7 

Sam  Gatv 

Fort  Leavenworth. . . 
Fort  Sullv 

K   •   •   • 

7 

LexinflTton ......... 

•  •  ^ 

•  •  •  • 

•  •  •  • 

•  »• 

7 

......do 

Fort  RandaU 

Yancton 

7 

do 

•  •• 

7 

Silver  liake,  No.  4.. 

Camp  Cooke 

•  •  •  • 

m  •  m  m 

•  •  •  •    * 

•  •• 
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4st  ofgavernment  freight  shipped  up  the  Missouri  river ^  &c. — Continued, 


Date. 

Name  of  steamer. 

Destination. 

Pounds  weight. 

i 
i 

1 

p 

i 
1 

0 
JO 

a 

< 

• 

a 
1 

lay       7 

Silver  Lake,  No.  4.. 

Lady  Grace 

War  Eagle 

Richmona 

Fort  Buford 

Fort  Benton 

Omaha 

29,880 
155, 109 

4,668 

65,668 

130.000 

100,000 

142,976 

8,087 

274, 093 

82,065 

113,403 

5,008 
148, 708 

4,992 
175,000 

3,264 
134,347 

4,476 
234,685 

8,692 
109,111 
109,413 
309,982 
261,845 
108,139 
119,793 

6 

8 

Fort  Buford 

Camp  Cooke 

Fort  Benton 

Fort  Leavenworth.. 

Omaha 

Fort  Leavenworth.. 

Fort  Benton 

Camp  Cooke 

;.do 

6 

do 

8 

do 

8 

H.  S.  Turner 

do       .  .     . 

8 

11 

Yellowstone 

Ida  Fulton 

Ida  Fulton        .... 

11 

11 

.... 

12 

Tom  Stevens   .....' 

12 

do 

Fort  Benton 

Fort  Sully 

14 

Nora ..  ............ 

14 

Nora    .     -.--  .---- 

Fort  Benton 

Fort"  Berthold 

Camp  Cooke 

Fort  Berthold 

Fort  Benton 

Fort  Buford 

Camp  Cooke 

Omana 

14 

Nora  .......   ...... 

14 

Nora       - ...... .... 

14 

Imneriul. ......  -.-- 

14 

Imoerial .   ......... 

14 

do  ....... ...... 

14 

....  do  ....... ...... 

18 

Montada  .... ...... 

18 

ParAff  on 

Fort  Buford 

Fort  Berthold 

Fort  Rice 

18 

-  do  ............. 

18 

- .   do ............. 

18 

...  do  . ...... ...... 

Fort  Sully 

Fort  Leavenworth.. 

18 

Montana 

5 

18 

Evening  Star 

......do ....... .... 

Fort  Berthold 

Fort  Rice ...... .... 

407,270" 

100,643 

690 

377, 585 

130,000 

59,768 

92,026 

678,888 

72, 050 

1,450 

553,424 

214, 623 

104,487 

730,125 

106, 069 

21,938 

5,176 

707, 839 

600 

3,112 

307,271 

752 

18,713 

23,080 

2,464 

301,954 

291,361 

24,862 

47, 176 

5,084 

104,591 

86,  .554 

27,885 

18 

25 

Zftnh  vr        

Camp  Cooke 

FortDullv 

22 

Dictator    

23 

Zenhvr      -. . 

Fort  Benton 

Omaha  ...... ...... 

20 

24 

Yellowstone 

Mary  McDonald .... 
do ---. 

Fort  Leavenworth.. 

Fort  Berthold 

Fort  Rice 

22 

25 

18 

Montana -. 

Omaha  ...... ...... 

25 

City  of  Pekin 

Columbian 

T.  L.  McGill 

...do 

Fort  Buford 

Omaha 

25 

25 

Fort  Sullv 

• 

• 

28 

Fort  Berthold 

Omaha  ............ 

28 

H.  S.  Turner 

do 

31 

Yancton 

31 

Fort  Randall 

Fort  Sully 

31 

do 

28 

H.S.  Turner 

W.  J.  Lewis 

Htonewall. ..... .... 

Omaha 

.TnnA         1 

Fort  Leavenworth.. 
Omaha 

4 

4 

do 

Fort  Leavenworth.. 
do 

7 

Isabella  ....__.  .... 

6 

War  Eafi^le 

MnntftnA            

Omaha 

6 

Fort  Leavenworth.. 
Omaha  ........... 

6 

do 

12 

GlascTOW. . . . ...  .... 

. .  do 

12 

W.  J.  Lewis 

Columbian. .... .... 

Fort  Leavenworth.. 
Omaha 

14 

17 

Last  Chance 

Last  Chance 

do 

Fort  Sullv     

17 

Fort  Rice. 

17 

Fort  Berthold 

Fort  Buford..  

17 

do 

r.::-.i;.-.xv;. 

A  «ttttv 
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List  of  government  freight  shipped  up  the  Missouri  river ,  &c. — Contiuaed. 


Date. 

Nivme  of  steamer. 

Destination. 

Pounds  weight. 

• 

£ 

o 

• 
tB 

.2 

• 

s 

s 

"3 

a 

< 

• 

• 
s 

1 

June     18 
19 

Kate  Kinney 

Isabella 

OmAha  ............ 

2,57,918 

171,144 

789,933 

102,644 

8,544 

59.735 

496.339 

435,116 

8,681 

170,319 

227,605 

290,097 

7,656 

7,644 

25 

83,822 

400, 217 

50,340 

104, 450 

4,340 

137 

14,875 

2 

97,260 

2 

8 

53,548 

1,035 

107.127 

1,710 

76, 375 

148, 875 

23,371 

178,921 

122, 627 

93, 179 

.      175, 609 

13,380 

16, 500 

7,636 

82,767 

93,838 

61,031 

251,600 

! 
1.... 

.  ..do 

...do  

22 

24 

Deer  Lodge 

W.  J.  Lewis 

Deer  Lodge 

MnntAiiA 

Camp  Cooke 

Fort  Leavenworth.. 

Fort  Benton 

Omaha  ............ 

' 

22 

'"   i 

<6* 

24 

*""!* 

25 

26 

H   S.  Turner. 

...do  

1 

26 

do 

Fort  Leavenworth.. 

Omaha 

Fort  Berthold 

Fort  Rice 

Fort  Sullv 

, 

30 

C!ornAliii            -    - 

I 

July       3 
3 

Mountaineer 

do. 

' 

3 

do         ...   . 

3 

do 

Fort  Randall 

Yancton  ....  ...... 

3 

Mountaineer 

Carrie. 

2 

Fort  Sullv 

2 

r^Arrie.        

Fort  Buford 

Fort  Sullv 

4 

Only   Chance 

do 

4 

Fort  Rice 

•  •  •  • 

4 

do 

Fort  Buford 

Fort  Leavenworth.. 
Omaha         ... 

3 

W.  J.  Lewis 

Kate  Kinney 

HuntHvillfi 

5 

6 

Fort  Benton 

Fort  Rice 

6 

do 

6 

do 

Fort  Berthold 

Fort  Sully 

6 

do 

9 

Columbian ......... 

Omaha  ......... ... 

J  2 

Stone  wall 

... do  ......  ...... .. 

1 

13 

W.  J.  Lewis 

H.  S.   Turner 

Fort  Leavenworth.. 
....  do  ............. 

j 

16 

16 

do      . 

Omaha  ............ 

•  •  •  * 

19 

Glastpow 

...do  .............. 

24 

Kate  Kinnev 

...do 

•  *  •  « 

24 

G.  B.  Allen 

Columbian 

do 

Fort  Leavenworth.. 
Omaha  ............ 

27 

27 

Fort  Leavenworth.. 

Fort  Berthold 

Fort  Sullv 

29 

Deer  Lodge 

do 

29 

29 

do 

Fort  Rice 

29 

do 

Yancton  . .... .. .... 

31 

H.  S.  Turner 

H.  8.  Turner 

Amaranth  , 

Omaha  .. ..-.-. .... 

31 

Fort  Leavenworth.. 
Fort  Rice 

August   1 

.....do 

Fort  Stevenson 

Omaha 

8 

Glasgow 

81 
30 

•  •  •  • 

8 

Fort  Leavenworth.. 
do 

656 

88,064 

909 

3,773 

2,848 

240,648 

61,789 

2«2,919 

73,347 

282, 276 

14,344 

163, 616 

243,256 

165,041 

2,354 

6 

W.  B.  Dance 

6 

do 

Omaha  ........... 

10 

Mary  McDonald 

........ do  

Fort  Rice 

10 

Fort  Sullv 

•  •  «  • 

10 

do 

Fort  Stevenson 

Omaha 

120 



20 

12 

Montana 

12 

....do 

Fort  Leavenworth.. 
do 

1 

13 

G.  B.  Allen 

•  •  •  * 

14 

W.  J.  Lewis 

do 

16 

Kate  Kinney 

do 

Omaha 

*  •  •  * 

16 

Fort  Leavenworth., 
do 

«  •  •  * 

22 

H.  8.  Turner- . 

20 

Columbian 

do 

m.m  •• 

20 

do 

Omaha 
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List  of  government  freight  shipped  up  the  Missouri  river^  <fcc. — Continued. 


Date. 

Name  of  steamer. 

Destination. 

Pounds  weif^ht. 

• 

m 

e 

o 

w 

• 
CO 

• 

s 

s 

'a 

S 

< 

• 

a 
1 

AagaBt22 
24 

H.  8.  Turner 

W.  J.  Lewis 

Ben  Johnson 

GlasflTOW 

Omaha 

158,402 
233,750 
147,521 
268,639 
142,011 
107,740 

Fort  Leavenworth.. 
Omaha 

24 

26 

. .  .do 

29 

G.  B  Allen 

Octavia 

Fort  Leavenworth.. 

Omaha 

Fort  Leavenworth. . 

31 

31 

..  .do 

Sept.       2 
2 

Lady  Grace 

......do  

Fort  Stevenson 

Fort  Sully 

160,848 

50,288 

24,735 

193,689 

8,053 

30,402 

235,527 

225, 071 

247,773 

5,995 

99,589 

22,884 

41,259 

42, 670 

12,125 

35 

6,635 

4 

W.  J.  Lewis 

Cornelia. .......... 

Fort  Leavenworth.. 
Omaha 

4 

7 

Amelia  Poe. 

do 

Fort  Randall 

Fort  Sully 

Fort  Rice 

7 

7 

do 

13 

Sam  Gatv 

Omaha 

14 

G.  B.  Allen 

...do  

14 

do 

Fort  Leavenworth.. 

Fort  Randall 

Omaha 

19 

Mountaineer 

AnteloDe 

20 

15 

6 

20 

....do 

Fort  Leavenworth.. 
Omaha 

20 

Deer  Lodcre 

do... 

20 

Fort  Leavenworth.. 
Yancton 

21 

Mountaineer 

Ben  Johnson 

Total 

20 

Fort  Leavenworth.. 

8 
82 

-  _ 

27,914,077 

394 

26 

70 

K14. 

Pittsburg,  Pennsylvania, 

February  18,  1868. 

Proceedings  of  a  board  of  engineers  convened  at  Pittsburg,  Pensylva- 
nia,  on  the  6th  of  February,  1868,  by  virtue  of  the  following  orders: 

Headquarters  Corps  of  Engineers, 

IVdMhingtoUt  September  5,  1867. 

Colonel:  Your  letter  of  the  31st  ultimo  has  been  received.  You  are  authorized  to  con- 
vene the  board  of  engineers  constituted  by  Engineer  Orders  No.  18,  dated  March  22,  1867, 
at  Pittsburg,  Pennsylvania,  on  the  30th  instant,  or  as  soon  thereafter  Aa  the  duties  of  the 
several  members  will  permit,  for  the  purpose  of  examining  and  reporting  upon  the  river 
channeler  of  Colonel  W.  H.  Nobles.  Would  it  not  be  advantageous  to  the  interests  of  the 
several  works  to  delay  the  meeting  until  the  close  of  active  operations  f 
Yery  reBpectfuUy,  your  obedient  servant, 

A.  A.  HUMPHREYS, 
Brigadier  General  Commanding, 
Colonel  J.  N.  Macomb, 

Carp$  of  EngtneerM,  Box  825,  Cindnnatif  Ohio. 


Headquarters  Corps  op  Engineers, 

Wa$kingtont  September  24,  1867. 

Colonel:  The  inclosed  letter  from  Brevet  M^'or  General  G.  K.  Warren,  major  of  engi- 
neers, with  accompanying  papers  relating  to  the  channeler  of   Colonel  W.  H«  Kq^\^\m^  S& 
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transmitted  to  yon,  that  it  may  be  laid  before  the  board  of  en^neers  constitated  by  Eneineer 
Orders  No.  18,  dated  March  22,  1867,  whenever  yon  shall  convene  the  same  under  the  aQtbority 
already  eranted. 
By  order  of  the  Chief  of  En^neers. 
Very  respectfully, 

I.  C.  WOODRUFF, 
Lieut,  Col.  of  Enginurt,  Bvt.  Brig.  Gen.  U.  S»  A.,  As$istaMt. 

Colonel  and  Brevet  Colonel  J.  N.  Macomb, 

Corp$  of  EnginurSf  Box  625,  Cincinnati,  Ohio, 


[Orders.] 


Office  of  the  Western  River  Improvement, 

Cincinnati,  Ohio,  December^,  1867. 

The  board  of  engineers  constituted  by  Enp^ineer  Orders  No.  18,  dated  Washington,  D.  C. 
March  22,  1867,  will  meet  at  Pittsburg,  Pennsylvania,  on  Thursday,  the  6th  of  Februarr, 
1868,  or  as  soon  thereafter  as  practicable,  in  conformity  with  the  authority  conveyed  in  tie 
accompanying  letter  of  the  5th  of  September,  1867,  from  headquarters  corps  of  engmeers. 

J.  N.  MACOMB, 
Col.  of  Enginufs  and  Bvt,  Col,  U,  S.  A.,  President  of  Board. 

Brevet  Major  General  J.  H.  Wilson, 

Lieutenant  Colonel  35fA  Infantry. 
Brevet  Major  General  G.  K.  Warren, 

Major  Corps  of  Engineers, 
W.  MiLNOR  Roberts, 

Civil  Engineer, 
Brevet  Lieut.  Colonel  Peter  C.  Haines, 

Captain  Corps  of  Engineers, 

The  undersigned,  having  met  at  Pittsburg,  Pennsylvania,  on  the 
6th  day  of  February,  1868,  in  obedience  to  the  above  orders,  and  for 
the  purpose  therein  set  forth,  have  the  honor  to  submit  the  following 
report : 

For  several  months  of  nearly  every  year  the  navigation  of  the  Mis- 
sissippi river  and  its  principal  tributaries  is  rendered  exceedingly  diffi- 
cult, and  in  some  instances  almost  entirely  suspended  by  the  shaUowness 
of  tlie  water  and  the  interposition  of  sand-bars.  Betw  een  these  bars 
the  pools  are  usually  deep  enough  for  the  ordinary  purposes  of  na>iga- 
tion,  but  w  here  the  bars  occur  the  w^ater  is  not  generally  more  than  two 
and  a  half  or  three  feet  deep,  and  is  frequently  not  more  than  eighteen 
inches.  From  this  general  statement  it  will  be  seen  that,  for  the  pur- 
pose of  facilitating  navigation,  there  is  a  well-determined  necessity  that 
the  government  shall  adopt  an  efficient  plan  for  the  removal  of  sand- 
bars or  the  deepening  of  the  channel  over  them. 

The  laws  governing  the  formation  of  sand  and  gravel  bars  have  been 
investigated  by  the  members  of  this  board  with  great  care,  as  well  as 
by  other  engineers  in  all  parts  of  the  world.  Without  entering  into  a 
discussion  of  the  causes  which  they  control,  it  is  sufficient  for  our  pur- 
poses here  to  say  that  the  causes  are  unceasing  in  their  effect  during 
the  season  of  freshets  and  high  water,  varying  with  the  rise  and  fall 
and  with  the  changing  conditions  of  the  shore  and  islands. 

So  long  as  rivers  continue  to  flow,  they  will  continue  to  exert  their 
influence  in  the  formation  and  modification  of  sand-bars ;  and  although 
channels  may  be  cut  through  the  bars  during  low  water,  they  will  be 
obliterated  by  the  next  freshet,  and  injured,  in  many  cases,  by  the 
slightest  swell  in  the  river.  Ko  fact  is  better  established  than  this,  from 
which  it  will  be  seen  that  whatever  machine  is  adopted  for  the  purpose 
of  deepening  the  water  over  sand-bars,  hourly  and  yearly  undergoing 
change  in  location  and  shape,  must  be  applied  after  every  flood,  and  be 
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maintained  by  annual  appropriations.  It  becomes,  therefore,  a  matter 
of  great  importance  that  this  machine  shall  be  as  economical  a«  possi- 
ble in  construction  and  operation,  simple  in  its  character,  not  easy  to 
get  out  of  order,  strong  and  staunch  in  all  its  parts,  and  that  it  shall 
produce  it«  useful  effect  readily,  rapidly,  and  cheaply.  For  the  purpose 
of  facilitating  our  examination  of  the  plans  and  models  which  have  been 
presented  for  the  consideration  of  this  board,  we  have  decided  that  the 
following  conditions  must  be  kept  continually  in  mind,  viz : 

First.  Every  channeling  machine  designed  for  use  on  the  Mississippi 
river  or  its  navigable  tributaries  must  be  economical  in  its  cost  and 
operations,  counting  time  in  moving  from  place  to  place,  as  well  as  time 
consumed  in  working  upon  the  channel. 

Second.  While  improving  navigation  for  one  class  of  vessels  or  busi- 
ness, it  should  not  make  it  worse  than  before  for  any  other  class,  but 
should  leave  the  new  channel  in  the  greatest  state  of  permanency  prac- 
ticable at  the  particular  locality  during  the  lowest  stage  of  water. 

Third.  That  while  working  it  shall  obstruct  navigation  as  little  as 
I)08sible  for  all  vessels  and  rafts,  and  should  be  capable  of  being  readily 
withdrawn  from  the  channel. 

Fourth.  That,  besides  being  a  channeler,  it  should,  if  practicable,  be 
made  to  answer  the  purpose  of  a  snag-wrecking  and  tow  boat. 

In  applying  these  conditions  to  the  machines  under  consideration,  it 
should  be  premised  that  great  difficulty  has  been  necessarily  encoun- 
tered in  predicting,  from  drawings  or  small  working  models,  what  will 
be  the  precise  action  of  the  machines  themselves  while  engaged  in  the 
work  for  which  they  are  intended,  sun^ounded  by  the  peculiar  circum- 
stances and  difficulties  of  actual  service.  Inventors,  as  a  rule,  are  usu- 
ally men  of  sanguine  expectations,  and  frequently  have  greater  confi- 
dence in  the  performance  of  their  inventions  than  other  people  have ; 
but  in  the  cases  under  consideration  we  have  carefully  weighed  all  the 
evidence  presented,  and  have  striven  to  arrive  at  correct  conclusions. 

The  board  first  examined  the  drawings  of  a  snag,  wrecking,  and  dredg- 
ing boat,  submitted  by  Mr.  C.  E.  Pierce,  civil  engineer,  designed  more 
especially,  however,  for  the  removal  of  sand-bars.  The  boat  is  an  ordi- 
nary river  steamer,  arranged  with  two  double-acting  steam-pumps,  which 
supply  a  head  of  water  which  is  forced  through  and  from  a  set  of  nozzles 
arranged  in  a  water-line  about  the  bow  of  the  boat.  The  nozzles  are 
three  inches  in  diameter  and  28  in  number.  The  mode  of  opera- 
tion is  as  follows :  The  steamer  being  on  the  up-stream  side  of  the 
bar,  is  run  down  toward  it  at  the  point  where  it  is  designed  to  cut  the 
channel.  A  strong  jet  of  water  is  then  forced  through  the  nozzles  by 
means  of  the  steam-pump,  with  power  sufficient  to  wash  away  the  sand 
in  the  immediate  vicinity  of  the  nozzles.  The  sand  is  moved  forward 
by  this  current,  aided  by  the  flow  of  water  in  the  river,  and  by  the  noz- 
zles at  and  near  each  extremity  of  the  circular  row  thrust  off*  at  the  side 
of  the  boat,  thus  opening  a  channel  of  width  proportionate  to  the  length 
of  the  row  or  width  of  the  boat.  In  order  to  cut  a  channel  of  any 
desired  width,  the  boat  must  be  brought  into  operation  against  the  sides 
of  the  new  channel  by  hedging. 

Mr.  O.  E.  Pierce  having  explained  the  mode  of  operating  his  machine, 
made  the  following  proposition : 

I  propose  to  famish  a  machine  such  as  is  represented  hy  the  drawing  here  helow. 
If  the  government  will  furnish  a  boat  of  about  150  feet  long  and  30  feet  beam,  I  will  put 
,  in  the  double-acting  force-pumps  with  13-inch  exhaust  leading  to  3-inch  pipes,  giving 
jets  from  a  water-line  around  ana  beneath  the  bows,  so  as  to  stir  up  the  sand  when  the  pumps 
are  set  iu  motion,  and  thus  wash  a  channel  through  such  sand-bars  as  are  met.  yi\\A\  q\i  xlckf^ 
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Mississippi,  Missouri,  or  Arkansas  rivers.  My  terms  are,  that  if  the  machine  shall  prore  a 
failure  its  cost  shall  be  nothing^  more  to  the  goverument  than  my  pay  as  an  assistant  on  the 
western  river  improvements  during  the  two  or  three  months*  time  which  the  construction 
will  probably  require  ;  and  if  it  should  prove  as  great  a  success  as  I  believe  it  wUl  be,  thea 
the  government  shall  pay  me  for  it  a  price  not  to  exceed  double  of  my  actual  outlay  for  ii, 
and  in  no  case  to  exceed  the  sum  of  f  20,000. 

C.  E.  PIERCE. 

The  board  also  examined  the  drawings  and  specifications  of  a  machine 
invented  by  Mr,  Nelson  Vandeventer,  of  New  Albany,  Indiana,  for 
excavating  in  water-courses  having  currents.  A  copy  of  which  is  ap- 
pended hereto,  marked  A. 

There  was  also  submitted  to  the  board  for  their  inspection  the  plan  of 
Mr.  E.  B.  Bishop  to  fix  two  large  screws  obliquely,  one  on  each  side  of 
a  steamboat's  bow ;  these,  driven  by  the  engine,  draw  the  boat  through 
the  water,  and  on  striking  a  sand-bar  throw  the  material  on  eaeh  side, 
making  a  way  through  it  equal  to  their  greatest  width  apart. 

General  Warren  also  submitted  for  the  consideration  of  the  board  the 
plan  devised  by  the  late  Colonel  S.  H.  Long,  United  States  engineers. 
The  plan  of  Colonel  Long  is  to  attach  scrapers  to  a  frame  which  is  sus- 
pended and  handled  by  proper  gearing  and  rigging  to  the  stem  of  any 
blunt-bowed  boat  of  a  proper  size  for  the  river  navigated.  A  boat 
constructed  to  act  as  a  snag-boat  could  also  have  this  attachment.  She 
has  her  own  propelling  power,  and  is  as  easily  handled  as  any  steanu 
boat. 

Greneral  Warren  also  submitted  an*  extract  from  the  report  of  his 
assistant,  Mr.  H.  C.  Long,  civil  engineer,  giving  a  detailed  account  of 
the  construction  of  the  scraper  devised  by  the  late  Colonel  Long,  and 
its  adaptation,  the  past  season,  to  the  steamboats  Montana  and  CafGrej, 
during  the  low  water  on  the  Mississippi  riveix  The  extract  is  appended 
hereto,  marked  B.  « 

Colonel  Macomb  submitted  to  the  board  a  plan  devised  by  Mr.  E.  P.| 
Ligons,  called  a  submarine  plow,  described  in  C. 

The  board  also  examined  the  drawings  and  models  of  Colonel  W.  H. 
Nobles's  channeler,  which  may  be  generally  described  as  follows:  It  is 
a  small  steamer,  with  an  apparatus  attached  to  it  for  clearing  or  cutting 
out  channels  through  bars  of  sand  or  gravel  or  hard  pan;  thi^  apparatus 
is  an  elongated  drum  placed  upon  the  boat  in  lieu  of  the  *' paddle^ 
wheel "  of  the  ordinary  "  stern-wheel "  steamer.  The  drum  is  strongly 
made  of  boiler  iron,  and  has  a  series  of  plows  and  scrapers  upon  its^ 
convex  surface.  These  plows  and  scrapers  are  arranged  upon  spiral 
lines  leading  outward  from,  and  symmetrically  situated  with  reference 
to,  a  central  plane  perpendicular  to  the  axis  of  the  drum.  The  drum  is  • 
suspended  by  strong  journals  near  its  extremities,  and  is  caused  to 
revolve  by  the  action  of  two  engines  of  about  35  horse-power  each. 
The  driving  engines  act  upon  the  drum  through  a  system  of  gearing 
leading  to  a  great  cog-wheel  which  is  fixed  as  a  belt  around  the  middle 
of  the  drum. 

The  action  of  the  plows  and  scrapers,  it  is  claimed,  will  be  to  more 
the  sand  and  water  outwardly  from  the  middle  of  the  drum,  washing 
the  sand  away  by  the  current  of  the  stream,  aided  by  the  current  whi<^ 
the  machine  causes,  and  thus  leave  a  channel- way  of  awidth  equal  to 
the  length  of  the  drum. 

The  mode  of  attacking  a  river  sand-bar  is  to  drop  down  upon  it,  on 
the  up-stream  side,  with,  the  boat  headed  up-stream  and  the  drum 
revolving  so  as  to  tend  to  drive  the  boat  away  from  the  bar  or  shoal, 
but  she  is  held  in  contact  with  the  bar  by  anchors  and  hawsers  laid  out 
in  the  direction  of  the  cliaiiuel  to  be  cut,  and  by  horizontal  windlasses 
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winding  upon  the  hawsers  to  draw  the  boat  stern  foremost  through  the 
channel  as  it  is  cut  by  the  revolving  drum.  As  an  auxiliary  power  for 
keeping  the  boat  in  position,  there  are  wings  attached  to  the  sides  of 
the  hull;  and  which  can  be  set  at  any  angle  therewith  so  as  to  catch  the 
current. 

The  boat  is  provided  with  water-tight  compartments,  into  which  water 
may  be  admitted  and  pumped  out  at  pleasure,  so  as  to  increase  or 
diminish  the  draught  of  the  boat  within  the  probable  limits  of  depth 
required  in  the  channel  through  the  bar. 

It.s  inventor  asserts  his  belief  that  one  of  the  machines,  with  all  its 
appurtenances  complete,  90  feet  long,  30  feet  wide,  and  with  a  cutting 
or  channeling  dium  40  feet  long,  can  be  built  fiu'  $1^0,000;  and  claims 
that  it  will  be  capable  of  cutting  a  channel  40  feet  wide  and  3  feet  deep, 
in  a  sand-bar  at  the  rate  of  100  running  feet  every  40  minutes ;  the  same 
size  through  gravel  at  the  rate  of  100  feet  every  GO  minutes;  and 
through  clay  or  hard  pan  at  the  rate  of  100  feet  in  80  minutes.  That  12 
men  will  be  sufficient  to  handle  and  operate  the  machine  in  ordinary  use, 
that  it  will  throw  the  water  and  -excavated  materials  from  the  end  of 
the  drum  with  such  a  velocity  as  to  spread  the  latter  out  and  carry  them 
beyond  all  danger  of  being  thrown  back  into  the  channel ;  that  his 
machine  will  consume  onlj^  live  tons  of  coal  per  day,  and  that  in  chang- 
ing station  can  be  propelled  by  the  same  machinery  at  the  rate  of  eight 
miles  per  hour.  He  also  claims  that,  with  a  machine  of  the  size  just 
mentioned,  he  can,  by  making  successive  cut^,  excavate  a  channel  of 
any  necessary  width  (and  depth)  from  40  to  120  feet,  and  even  wider  if 
recpiired. 

Colonel  iNoblesi,  and  Mr.  Kees  of  Pittsburg,  Pennsylvania,  also  sub- 
,  quitted  a  proposition  to  the  board,  which  is  herewith  api)ended,  marked 
JJ  and  C. 

*  ^     For  the  illustration  of  this  niiK^hine  and  its  method  of  operating,  the 

inventor  exhibited  a  working  model  5  feet  long,  and  18  inches  wide, 

with   all   the  other  parts,   including   engines,  windlass,  gearing  and 

excavating  drum  complete — assumed  to  be  on  a  scale  of  three  feet  to 

one  inch — which  would  represent  a  vessel  180  feet  long,  40  feet  wide, 

andvi^  cutting  or  excavating  drum  54  feet  long.    A  bed  of  partially 

.  hardened  plaster  of  Paris  was  prepared,  the  bojit  mounted  upon  wheels 

-  running  upon  horizontal  ways,  was  kept  or  'Med''  to  its  work  by  ropes 

^attached  in  advance  and  i-ear,  passing  around  two  horizontal  cai>stans 

on  the  model — a  full-size  channeler  is  designed  to  be  kept  to  its  work 

by  these  horizontal  capstans,  aided  by  two  wings  catching  the  current 

•  in  the  river — and  the  machinery  was  put  in  motion  by  steam  brought 
by  an  India-rubber  [)ipe  from  a  large  foundry  boiler  near  by. 

The  pla^ster-bed  or  bar  was  cut  through  by  the  plows  and  excavators 
in  the  drum,  and  the  excavated  materials  were  thrown  out  to  the  right 
ahd  left  and  piled  up  in  a  ridge  alongside  of  and  parallel  with  the  boat. 
The  operation  was  ra^ud  and  c(miplete,  and  was  intended  to  represent  a 
cut  of  four  and  a  half  feet  in  depth.  It  also  worked  through  a  bed  of 
.  gravel  partially  covered  by  water,  and  in  this  case  the  excavated 
materials  were  piled  up  as  before,  although  not  quite  so  high.  There 
was  no  current  in  the  water  covering  the  snmll  bed  of  gravel,  both  being 
inclosed  by  a  water-tight  box  carrying  the  machine.  While  the  machine 
wa^  approaching  the  gravel,  the  excavatuig  drum  revolving  at  a  high 
velocity,  the  water  was  thrown  out  to  the  right  and  left,  creating  a  per- 
ceptible cuiTcnt,  but  it  is  not  believed  that  in  the  case  of  a  full  sized 
machine,  operating  in  an  ordinary*  sand-bar,  that  this  velocity,  iBuper- 
added  to  that  of  the  natural  ciu-rent,  could  be  depended  upon  to  ^vvtv^ 

43  w— Part  11 
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the  excavated  materials  out  of  the  way  of  the  new  channel  after  they 
have  been  tlirown  from  the  end  of  the  drum.    The  question  immediately 
presents  itself,  will  a  full-sized  machine  do  proportionately  as  well  work 
ing  on  a  sand-bar,  and  can  it  be  depended  upon  to  cut  a  channel  of 
any  required  width  and  depth  as  claimed  by  the  inventor! 

After  a  careful  study  of  this  model,  together  with  the  plans  and 
opinions  of  Mr.  Xobles,  we  have  to  say  that,  while  it  is  possible  that  the 
full-sized  machine  may  do  all  that  it  is  claimed  for  it,  this  has  not  Ih^u 
satisfactorily  proven,  and  we  see  no  means  by  which  this  can  be  done 
exc^ept  l)y  the  exhibition  and  trial  of  such  a  machine  in  the  work  of 
excavating  channels  through  sand-bars  under  all  of  the  peculiar  eir 
cumstances  and  difliculties  likely  to  be  encountered  in  actual  service. 
The  working  of  the  model  i)roves  nothing  moi'e  than  that  it  is  capable 
of  digging  through  bars  of  plaster  and  gravel,  and  that  it  will  throw 
the  excavated  materials  into  ridges  to  the  right  and  left  of  the  cut.  The 
same  objection  holds  good  in  regard  to  all  the  plans,  except  Colonel 
Long's,  tliat  has  been  submitted  to  the  board. 

For  the  foregoing  reasons  we  cannot  recommend  the  constiiiction  of 
Nobles's  machine  at  the  government's  expense.  Nor  can  we  undertake 
to  give  a  definitive  decision  between  it  and  the  other  machines  pre- 
sented for  (mr  consideration ;  neither  do  we  think  it  possible  for  such  a 
decision  to  be  given  till  an  actual  trial  in  deepening  rivers  shall  have 
been  made  by  the  various  machines  designed  for  that  purpose.  One 
member  of  this  board  has  given  an  extended  trial  to  Long's  scrai)er,  in 
the  improvement  of  the  Mississippi  river,  and  has  found  it  to  answer 
sufficiently  well  for  all  puq)oses,  luitil  it  can  be  replaced  by  the  best 
machine  which  can  be  devised.  We  would,  therefore,  suggest,  in  lieu 
of  any  special  recommendation,  that,  in  order  to  encourage  inventors, 
and  to  secure  for  the  government  the  most  efficient  means  of  improving 
the  navigation  of  western  rivers  during  seasons  of  low-water  by  remov- 
ing sand-bars,  snags,  and  wrecks,  a  prize  of  $100,000,  or  other  suitable 
sum,  should  be  oft'ered  by  the  government  for  the  invention  and  con- 
struction of  the  machine  best  adapted  to  these  purposes,  according  to 
the  conditions  hereinbefore  given.  We  would  further  recommend  tliat 
due  notice  of  this  prize  shall  be  given  by  advertisement ;  that  a  board 
of  engineers  shall  be  appointed  to  decide  upon  the  machines  ])rescMite(i, 
under  such  instructions  as  the  engineer  depaitment  may  give,  and  at 
such  time  and  place  as  may  be  fixed ;  and  fiimlly,  that  the  prize  of 
$100,(K)0  shall  be  considered  to  be  final  and  complete  comi)ensation  to 
the  inventor  of  the  successful  machine  for  all  the  rights  to  which  he 
would  be  entitled  under  the  United  States  patent  laws,  provided  that 
the  actual  cost  of  th(»  successful  machine  shall  be  paid  by  the  govem 
ment  over  and  above  the  amount  of  the  prize  herein  recommended. 

All  of  which  is  respectfull}'  submitted. 

J.  N.  MACOMB, 
Colonel  of  Engineers^  Brevet  Colonel  United  States  Army. 

J.  H.  WILSON, 
Lieutenant  Colonel  35th  Infantry ^  Brevet  Major  General  U.  8.  A* 

G.  K.  wakkp:n. 

Major  of  Engineers^  Brevet  Major  General  Z7.  S.  Army* 

W.  MILNOR  ROBERTS, 

United  States  Civil  Engineer. 
PETER  C.  HAINES, 
Captain  Engineers^  Brevet  Lieutenant  Colonel  U.  S,  A.j  Recorder. 
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A. 

Excavators  for  icafer-courscs  haviiiff  currents, 

Nelson  Van  Deventer,  of  New  Albany,  Indiana,  letters  patent  No. 

2,450,  dated  Octobers,  1801. 

specifications. 

Fi^.  1  is  a  side  elevation. 

F\^,  2  i«  a  top  view. 

Fij^.  3  is  a  longitudinal  sectional  view  of  the  excavator  F. 

The  drawings  show  only  the  stern  of  the  vessel,  on  which  the  exca- 
vator is  suj)posed  to  be  mounted.  Sucli  part  re^inired  for  the  location  of 
the  steam-engine  and  boilers,  ne(!essary  to  produce  the  power,  is  omitted, 
this  omitted  section  being  similar  to  the  part  of  the  vessel  making  the 
bow,  and  other  embodiments,  as  a  whole,  with  the  steam-engine  or 
engines  and  boilers  so  placed  as  to  cause  tlie  power  to  turn  the  shaft  cr, 
which  can  be  done  by  direct  action,  or  driving  gearing,  which  drives  the 
wheel  X  on  the  same  shaft. 

The  shaft,  also  l^ing  across  the  deck,  and  marked  h,  on  which  are 
winding  barrels  ss  and  perrol  i/,  can  be  placed  in  other  positions  if 
necessary,  to  be  out  of  the  way  in  making  the  attachment  of  the  engine 
to  the  shaft  a.  The  use  of  the  winding  barrels  is  to  change  the  position 
of  the  excavator,  so  the  depth  of  cutting  can  be  changed,  and  also  ele- 
vated for  the  purpose  of  moving  the  vessi»l  or  making  any  repairs  which 
may  be  ret[uired,  the  chains  e  being  atta(!hed  to  the  frame  (7,  and  passing 
over  pulleys  in  posts  P  and  passing  around  the  winding  barrels. 

The  projections  marked  (f  (see  Fig.  2)  rc^present  the  guards  of  the 
vessel.  Tiie  shaft  a  passes  in  each  side  to  the  full  width  of  these  guards, 
and  on  the  ends  are  mounted  the  side  frames  c,  which  support  the  frame 
f/,  and  joined  by  stays  to  make  a  strong  framing,  and  with  angular  snp- 
l)orts  to  hold  the  (tutting  cylinder  or  excavator//'.  This  c*ylinder  is 
mounted  on  the  ends  of  these  frames,  the  shall  passing  through  it  and 
making  its  cent(»r,  having  journals  fitting  into  bearings  made  in  the 
frames.     The  other  ends  of  the  frames  are  similarly  attacked  to  shaft  a. 

On  sliaft  a  and  the  shaft/  (making  the  center  for  the  excavator)  are 
wheels  r,  to  carry  a  pitch  chain  z  to  cause  the  excavator  to  revolve  with 
shaft  a.  If  it  is  deemed  preferable  to  use  a  rigid  connection,  a  shaft  can 
be  use<l  instead  of  the  chain,  having  bevel  gearing  with  corresponding 
wheels  to  act  on  it  to  bring  the  same  movement. 

A  is  the  body  of  the  stern,  having  a  rudder  r-,  o  o  designate  the 
frames  supporting  the  shafts  a  jind  i\ 

The  manner  of  constructing  the  excavator  is  as  follows:  /is  a  central 
shaft  of  a  length  to  suit  the  width  of  the  boat,  and  of  sutticient  thick- 
ness for  strength,  isjournaled  in  the  lower  end  of  the  frame  d ;  ff  rep- 
resents a  series  of  seiTated  metallic  disks,  the  teeth  of  which  are  turned 
alterniit(*ly  in  oi)posite  directions  (see  Fig.  2)  in  a  manner  similar  to  the 
setting  of  circuhir  saws,  but  to  a  greater  degree.  The  disks/ are  placed 
upon  the  shaft/',  as  shown  in  Fig.  ;5,  with  their  teeth  in  parallel  posi- 
tions, and  ke[)t  at  a  suitable  distance  a[)art  by  rings  or  chocks  i  i,.the 
exterior  rings  being  attached  to  the  shaft  to  secure  the  whole  in 
position. 

The  oblicpiity  of  the  teeth  causes  them  to  cut  a  width  equal  to  the 
distance  between  the  disks,  so  as  to  act  thoroughly  upon  the  earth 
throughout  the  entire  length  of  the  excavator. 
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This  construction  of  excavator  is  found  highly  eflBcient  in  raising 
deposits  in  channels  and  separating  the  earth  into  small  particles  so 
that  it  may  be  carried  oft*  by  the  current. 

What  I  claim  as  new  and  desire  to  secure  by  letters  patent  is: 

The  combination  of  the  rotary  shaft/',  disks/,  with  teeth  set  obliquely, 
and  rings  i,  securing  the  said  disks  at  a  proper  distance  apart,  the  whole 
being  constructed  and  arranged  as  herein  shown  and  described,  and 
operating  in  connection  with  the  steamboat  A,  pivoted  frames  c  <?,  and 
hoisting  apparatus  V  S  cj),  in  the  manner  and  for  the  x)urpose  set  forth. 

This  excavator,  running  100  revolutions  per  minute  and  cutting  half 
an  inch  to  the  cutter,  29  cutters  to  the  disk,  the  disks  40  inches  in  diam- 
eter, will  do  the  work  of  249  common  bucket  dredging  ma<;hines.  For 
furtlier  infomuition  address  Nelson  Van  Deventer,  St.  Louis,  Missonri. 

[For  sketch  of  Nelson  Van  Deventer's  excavator  for  water-cour8e:> 
having  currents,  Figs.  1,  2,  and  3,  see  original.] 


B. 

PiTTSBURa,  February  8,  1868. 

Sir  :  I  agree  to  build  a  dredge-boat,  after  the  model  and  description 
given  by  Colonel  Nobles,  xmder  his  supervision,  and  to  be  constructed 
similar  in  style  to  the  drawings  and  specifications  now  lying  before  the 
board  of  United  States  engineers;  and  also  aid  him  in  giving  the  neces- 
sary proportion  and  strength  to  the  constniction  of  said  boat  and  ma- 
chinery, so  as  to  make  it  as  near  perfect  to  perform  the  duties  as  possi- 
ble, with  a  view  to  satisfying  the  board  of  engineers  in  its  entire  con- 
struction ;  and  will  charge  825,000  for  its  construction.  And  in  case  the 
dredge  does  not  perform  to  the  satisfaction  of  said  board  of  engineers, 
and  they  should  deem  best  to  not  use  it,  I  will  take  and  dispose  of  it  to 
the  best  advantage,  and  bear  one-half  of  the  loss  of  depreciation,  thus 
assuming  one-half  the  risk  in  the  experiment. 

In  my  calculations  I  contemplate  making  the  channeler  about  five  feet 
wider  tiuxn  it  is  represented  in  Colonel  Nobles's  dra\vings. 
liespec^fidly  yours, 

JAMES  EEES. 

Colonel  J.  N.  Macoib, 

President  Examining  Board  U,  S.  Engineers. 


C. 

PiTTSiiURG,  February  10,  1868. 

Sir:  Having  expended  no  less  than  $8,000  in  perfecting  my  plan  of 
improving  the  channels  of  our  western  rivers,  and  being  short  of  funds, 
I  am  unable  to  make  such  x>ropositions  as  would  be  likely  to  be  deemed 
suflicit^nt  by  your  board  to  secure  the  construction  of  a  river  channeler. 
Captain  James  Rees  having  kindly  offered  to  submit  a  proposition,  and 
his  w  ell-known  ability  to  peiform  the  work,  I  desire  the  board  to  con- 
sider Captain  liees's  proposition  for  me,  instead  of  any  that  can  be  made 
by  myself. 

I  am,  very  respectfidly,  your  obedient  servant, 

W.H.NOBLES. 
Colonel  J.  N.  Macomb, 

President  Board  U.  S.  Examining  Engineer's. 
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United  States  Engineer  Office,  Survey  and 
1>iprove:3ient  Upper  Mississippi,  Minnesota, 

Wisconsin,  and  Fox  Kivers,  &c.. 

Saint  Fatilj  Decetnber  31,  1807. 

General  :  1  have  the  honor  to  report  my  coniif ction  with  the  intro- 
dnctioii  and  use  of  the  scraper  invented  by  the  hite  Colonel  Stephen  H. 
Long:,  United  States  engineers,  as  follows: 

On  the  liith  of  last  August,  an  arrangement  was  made  with  Mr.  D.  S. 
Stombs,  mac^hinist  of  this  city,  for  the  construction  of  three  of  the  above 
scrapers — two  of  larger  dimensions,  having  five  cutters,  and  one  smaller, 
with  four  cutters.  The  former  to  cost  $700  each;  the  latter  $(>(>(>.  This 
arrangement  was  faithfully  carried  out  by  Mr.  Stombs,  and  the  work 
delivered  as  specified.  The  accompanying  drawing,  marked  No.  1,  shows 
all  the  details  of  construction  of  the  smaller  scraper.  The  larger  differed 
in  no  respect  excei)t  that  at  the  base  of  the  triangle  there  were  five  semi- 
circular cutters  instead  of  four.  The  general  plan  of  the  whole  apparatus 
will  be  found  to  be  the  same  as  that  recommended  in  mv  report  to  vou 
of  December  20, 1800,  (see  H.  4,  Doc.  No.  58,  pp.  071-73,)  and  is  distinctly 
set  forth  in  the  accompanying  di^awiugs  and  explanations.  (See  draw- 
ings, Nos.  1  and  2.) 

Drawing  No.  1. — Explanation. 

Fig.  1. — Front  view  of  scraper,  with  the  buckets  or  cutters  attached, 
platted  on  a  s('ale  of  four  feet  to  one  inch.  A  B  0,  triangular  frame  of 
scraper,  of  oak,  with  its  bands,  braces,  bolts,  &c.,  the  drag-cliains  are  fast- 
enetl  at  B  and  C;  D  D  D  D,  the  buckets  or  cutters,  of  boiler  iron;  E, 
bowsprit  of  boat,  showing  position  of  sheaves  and  chain,  by  which  the 
sc*raper  is  raised  or  lowered  when  operating  on  the  bars. 

Fig.  2. — Isometrical  view  of  lower  part  of  scraper,  on  same  scale  as 
above. 

N.  B. — The  same  letters  refer  to  the  same  parts  of  the  scraper  in  all  the 
drawings. 

[For  Colonel  Long's  scraper,  drawing  No.  1,  Figs.  1  and  2,  see  original.] 

Drawing  No.  2. — Explanation. 

iSide  view  section,  and  details  of  scraper,  scale  four  feet  to  one  inch.) 
^'iG.  1. — Side  elevation  of  frame  and  cutters  or  buckets.  ABC, 
triangular  frame  of  oak,  with  its  strai)s,  bolts,  braces,  &c.;  D,  backet; 
E  E,  bowsprit;  <7,  friction  rollers,  to  facilitate  raising  and  lowering  the 
scraper. 

Fig.  2. — Portion  of  base  of  scraper  frame,  showing  method  of  bolting 
cutters  or  buckets,  D  D,  to  lower  beam  by  their  tlanges. 

Fig.  3. — Section  and  side  view  of  same. 

Fig.  4. — Under  side  of  lower  beam,  B  C,  showing  position  of  iron  straps 
and  eye-bolts  at  B  and  C,  to  which  the  drag-chains  for  hauling  the  scraper 
over  the  bars  are  attached,  also  position  of  bolts  for  fastening  on  the 
buckets  or  scrapers,  indicated  by  the  small  circles  thus,  "o.^ 

[For  Colonel  Long's  sc^raper,  drawing  No.  2,  scale  four  feet  to  one  inch, 
Figs.  1,  2,  and  3,  see  original.] 

On  tlie  10th  of  September  you  arrived  from  St.  Louis,  Missouri,  with 
the  steamer  Montana,  purchased  at  the  same  time  with  the  C.  J.  Caffrey, 
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for  testing  tlie  practical  advantages  and  economy  of  Colonel  Long's  in- 
vention, and  for  other  pnrposes;  soon  afterwards  I  received  orders  to  fit 
one  of  the  larger  scrapers  to  the  former  boat.  Measurements  were  taken 
and  drawings  made  for  this  purpose,  Mr.  Stombs  having  been  engaged 
as  master  mechanic.  The  entire  apparatus  was  mounted,  and  the  Mon- 
tana reported  ready  for  service,  by  the  1st  of  October.  Accordingly,  she 
took  her  departure  from  St.  l^ml  for  experimental  operations  on  the 
bars  below,  on  the  5th  of  the  same  month,  under  your  personal  super- 
vision. 

The  «iccompanying  drawings,  Nos.  3  and  4,  show  correctly  the  method 
of  attaching  the  scraper  to  the  Montana,  and  the  general  appearance  of 
boat  and  apparatus  when  ready  for  work. 

Drawing  No.  3. — Explanation. 

(Scale,  eight  feet  to  one  inch.) 

Fig.  1. — Plan  of  bow  of  steamer  Montana,  showing  jiosition  of  main 
deck  and  manner  of  fastening  bowsprit  to  same,  also,  position  of  cap- 
stan, chains,  falls,  tackle,  for  raising  or  lowering  scraper. 

Fig.  2. — Section  on  side  view  of  same.  This  ligure  shows  the  scrai>er 
hoisted  up  and  tilted  back  in  convenient  position  for  steamers  when  un- 
der way,  running  from  point  to  i)oint,  engaged  in  towing  or  snagging. 
\\nien  thus  raised,  the  scraper  does  not  interfere  with  the  operations  or 
ordinary  business  of  any  steanu^r  to  which  it  may  be  attached. 

[For  Colonel  Long's  scraper,  drawing  No.  3,  scale  eight  feet  to  one 
inch,  Figs.  1  and  2,  steamer  Montana,  see  original.] 

Drawing  Xo.  4. — Explanation. 

Outline  sketch  in  perspective  of  United  States  steamer  Montana, 
showing  relative  position  and  dimcMisions  of  scraper  and  steamer. 

Principal  dimensions  of  steamer  as  follows:  Length  on  deck,  210  feet; 
breadth  of  hull  front  of  water-wheels,  35  feet;  breadth  of  hull  front  of 
water-wheels,  across  guards,  48  feet ;  depth  of  hold,  5i  feet ;  tonnage, 
custom-house  measurement,  484  tons;  draught,  with  fuel,  &c.,  on  boanl^ 
ready  for  operation  on  bar,  33  to  3(5  inches.  Three  boilers,  20  feet  long, 
3  feet  0  inches  in  diameter,  5  lines  each.  Two  engines,  20  inches  in 
diamater,  7  feet  stroke,  (cylinder,)  doctor,  nigger,  or  hoisting  engines, 
&c.  Scra])er,  10  feet  base,  lOJ  feet  high ;  5  buckets,  or  cutters,  weight 
about  0,500  pounds — 3J  tons.  " 

[For  Colonel  Long's  s(*raper,  drawing  No.  4,  Montana,  see  original.] 

The  accompanying  drawings,  5  and  0,  show  the  method  of  attaching 
the  scraper  to  the  Oatfrey.  It  will  be  observed  to  ditier  in  a  few  par- 
ticulars from  that  of  the  Montana.  The  timbers  of  the  bowsprit  are 
longer  and  carried  further  back,  and  but  one  cross-piece  introduced. 
We  were  enabled  to  effect  this  improvement  by  altering  the  position  of 
the  capstan,  and  sliortening  the  connection  with  the  hoisting  engine 
before  alluded  to. 

[For  Colonel  Long's  scraper,  drawings  Nos.  5  and  6,  see  original.J 

Drawing  No.  5. — Explanation. 

Section  of  steamer  Caffrey,  from  bow  to  near  center  of  boilers,  on  a 
scale  of  eight  feet  to  one  inch. 
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This  (Iramiig  shows  the  position  of  the  hoistiiig^  engine,  or  nigger, 
^  H,  its  connection  with  the  capstan  J  by  shafts  and  cog-wheels  nnder 
tnt?  main  deck,  whereby  the  scraper  is  raised  and  turned  on  both  boats — 
-uontana  and  Oaft'rey— and  the  scraper  towed  into  a  bar  or  reef  ready  for 
>l>erations  in  reducing  same,  exactly  in  the  manner  used  in  the  exi)eri- 
iieiits  detailed  in  this  report. 

Draaving  No.  0. — Explanation. 

Outline  sketch  of  C.  J.  Caffrey  in  perspective,  showing  relative  posi- 
lon  aiid  dimensions  of  scraper  and  steamer. 

I  wish  it  to  be  understood  that  the  adai)tation  of  the  Long  scraper  to 
le  Montana  and  CattVey,  and  the  mechanical  arrangement  by  which  it 
i  raised  and  towed,  is  not  considered  the  best  that  could  have  been 
evised,  but  the  one  by  which  we  could  most  readily  operate  with,  this 
^me  season. 

The  bowsprit  E  E,  druAving  7,  (see  original,)  can  be  built  in  the  frame 
[the  boat,  so  that  the  top  of  the  timbers  (bowsprit  E  E)  may  be  flush 


Irawing  7)  free  to  be  used  as  such  contrivances  are  intended  on  ordi- 

^y  steamboats,  but  time  would  not  allow  of  such  machinery  being 

nployed  heretofore. 

The  Montana  w  as  built  for  the  Missouri  river  trade,  and  the  C.  J.. 

aflj-ey  for  the  Ohio,  Cumberland,  or  Tennessee. 

Tlie  application  and  use  of  the  scraper  on  these  boats  shows  that  it 

m  be  a[>plied  with  equally  good  eft'ect  to  the  boats  now  used  on  those 

vers  to  remove  the  shoals  and  bars  which  obstruct  their  low-watt»r 

ivigatioii,  ami  in  fact  to  all  other  western  rivers  as  well  as  the  upper 

issis^sippi. 

Tlie  method  of  operating  the  scrapers  on  the  Montana  and  CaflVey  is 
^•isely  the  same  as  described  in  my  report  of  December  2(>,  1800.  (See 
.  Ex.  Doc.  Xo.  5S^  pp.  70.)    It  may'^be  well  to  repeat  it  here,  viz  : 

Vhf  scraper  being-  applied  to  the  bow  of  a  suitable  dredj^e-boat  or  tug,  by  means  of  a  bow- 
fit,  dra^-chain,  hoisting  and  lowering  warp,  and  other  tackle  adapted  *to  its  use,  is  con- 
M  to  the  head  or  margin  of  the  shoal  to  be  dredged  ;  it  is  then  towed  to  the  bed  or  bar, 
a  the  wheels  of  the  steamer  are  turned  backward  in  a  direction  to  drag  the  scraper  across 
;  shoal,  the  steamer  moving  stern  foremost  with  the  current  of  the  water  if  there  be  any 
a  current. 

fiaviug-  been  drag^ped  entirely  across  the  shoal,  the  scraper  is  again  hoisted  out  of  the 
ter  and  the  steaiiier  returns  bow  foreuiost  to  the  place  ot  beginning.  The  operation  is 
an  resumed  as  before,  and  continued  till  a  chaun«d  of  the  required  depth  and  width  shall 
e  heeu  opened. 

rbe  action  of  tlio  scraper  is  twofold :  first,  it  cnts  np  and  loosens  the 
terial  of  which  the  bar  is  composed,  then  conveys  it  down  stream  and 
><>sirvS  it  in  deep  water.  It  does  not  excavate  a  channel  by  throwing- 
viih^es  or  windrows  on  either  side,  but  by  a  succession  of  drags  or 
pes  removes  entirely  the  crust  of  the  reef  or  bar,  leaving  it  in  a  cou- 
m  favorable  to  a  further  improvement  by  the  action  of  the  current. 
ei<l>ectfnlly  submitted. 

H.  C.  LONG, 
U)iife(1  States  Civil  Umjincer. 

ijor  and  Brevet  Major  General  G.  K.  Warren, 

Corps  Eiujineers  U.  S.  A, 
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E. 

E.  T.  Ligon's  submarine  plow.  Patented  September  17,  1S67,  No. 
69,000. 

This  is  a  plow  attacbed  by  timbers  to  the  side  of  a  steamer  so  as  to 
make  a  furrow  in  the  bottom  of  the  bay  or  river  to  be  deepened.  Spiral 
spring:s  are  attached  to  the  timbers  hokling  the  i)low,  so  as  to  force  it 
down  to  its  work  and  make  it  adapt  itself  to  the  irregularities  or  midu- 
lati(ms  of  the  bottom. 

There  is  a  hose  connected  with  the  i}low,  by  means  of  which  it  is  cal- 
culated to  force  a  stream  of  water  into  the  furrow  as  fast  as  it  is  made, 
and  thus  to  scatter  the  newly  broken  earth  over  the  bottom,  with  the 
idea  that  by  thus  stirring  it  ui)  it  will  be  carried  oflt*  by  the  cun'eot 
created  by  forcing  water  through  the  hose,  or  by  the  natural  cun^utof 
the  stream,  in  the  case  of  a  river  bar  which  it  is  desired  to  cut  through. 


APPENDIX  L. 

Office  Ohio  River  Improve^ient, 

Pittsburg^  Fa.,  July  15,  1868. 

Geis'ERAL:  In  obedience  to  instructions  contained  in  circular  of  the 
engineer  department  dated  June  10,  1808,  I  respectfully  present  the  fol- 
lowing annual  report  upon  the  surveys  and  works  under  my  charge  as 
superintending  engineer  of  the  Ohio  river  improvement. 

In  my  last  annual  report,  dated  September  14, 1807, 1  took  occasion  to 
detail  in  full  the  various  estimates  called  for  to  complete  the  imi)rove 
nients  at  each  place,  and  referred  at  lenglh  to  the  general  features  of 
the  several  points  requiring  work,  so  that  in  the  following  it  may  not  be 
necessary  to  more  than  refer  to  that  report  for  some  particulars. 

SURVEY  of  the  OHIO  RIVER. 

As  mentioned  in  the  last  report,  two  surveying  parties  had  l>een 
organized  in  June,  1807.  One  party,  under  Sigismund  Low,  esq.,  assist- 
ant United  States  civil  engineer,  began  271  miles  below  Pittsburg,  at 
which  point  Captain  Sanders  and  Mr.  Fuller's  suivey  termiuatM in  1844, 
and  had  by  Septmnber  12  reached  a  point  73  miles  above  Cincinnati. 
The  other  party,  at  first  under  Mr.  Livermore  and  afterwards  under  Mr. 
Diiy,  assistant  United  States  civil  engineer,  began  at  Cincinnati,  and  at 
the  same  date  had  reac^hed  a  point  20  miles  above  Louisville. 

These  survevs  were  continued  until  the  end  of  the  season,  when  tlie 
liigh  water  and  cold  weather  interfered  to  prevent  their  fiu^ther  progress. 

Mr.  Low's  party,  after  reaching  Cincinnati,  about  the  middle  of  Octo- 
ber, leaving  their  floating  boat,  i)roceeded  by  rail  to  Evansville,  Indiaua, 
passing  by  Mr.  Day's  party,  where  they  commenced,  and  had  finished 
43  miles  below  that  point  when  they  stopped  for  the  season. 

The  party  under  Mr.  Day,  after  reaching  Louisville,  resumed  their  sur- 
vey below  the  falls.  Their  lines  at  that  point  were  connec^ti^l  with  those 
of  (ieneral  Weitzi^l,  so  that  they  omitted  the  falls.  Through  the  courtesy 
of  General  Weitzel  this  office  has  been  furnished  with  a  large  chart  of 
the  falls  on  an  enlarged  scale,  which  will  be  embodied  in  the  charts  and 
report  of  the  survey  s  of  the  entire  river  when  they  are  completed.    3Ir. 
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Day  succeeded  in  surveying  108  miles  of  the  river  below  the  falls  before 
he  stopjied  for  the  season. 

The  distance  surveyed  by  Mr.  Low's  party  was  196  miles,  from  Carrion 
Ripple  to  Cincinnati,  and  below  Louisville  43  miles,  making  a  total  of 
230  miles. 

The  distance  surveyed  by  Mr.  Day's  party  from  Cincinnati  to  Clover- 
poi't,  Kentucky,  including  the  fidls,  was  240  miles,  or  a  total  of  479  miles 
surveyed  by  both  parties  during  the  summer  and  fall  of  18G7,  including 
seven  miles  surveyed  at  the  falls  by  General  Weitzel. 

There  yet  remain  about  250  miles  of  the  river,  between  Louisville  and 
Caii*o,  to  be  surveyed,  viz :  about  100  miles  between  Louisville  and  Evans- 
ville,  and  loO  miles  between  Evansville  and  Cairo. 

The  maps,  &c.,  of  the  surveys  so  far  made  are  completed  with  the 
exception  of  some  soundings  to  be  made  by  a  special  party  during  the 
season,  which  high  water  at  the  time  i)revented  the  regular  parties  from 
taking  as  they  passed  along. 

Under  date  of  January,  1808,  I  addressed  the  department  a  letter  on 
the  subject,  stating  the  reasons  why  a  full  report  on  the  surveys  had 
better  be  postponed  until  these  details  were  obtained  and  the  entire 
river  surveyed.  Two  parties  are  now  about  organized  to  continue  the 
surveys,  so  that  it  is  hoped  a  complete  map  and  report  of  the  river  can 
be  furnished  after  the  close  of  the  season  of  1808. 

The  engineering  and  inspecting  party  under  Thomas  P.  Eoberts, 
assistant  United  States  civil  engineer,  with  the  engineer  steamer  Tidioute, 
besides  their  regular  duties  have  from  time  to  time  made  some  hydro- 
graphical  and  other  surveys  in  connection  with  the  works  for  the  improve- 
ment of  the  navigation,  particularly  at  Brunot's  island,  and  at  White's 
Rijjple,  a  difficult  piece  of  river  11  miles  below  Pittsburg,  a  complete 
ma]),  sliowing  every  feature  of  interest  for  two  and  one-half  miles,  was 
made  in  June  of  this  year.  They  were  also  engaged  in  making  a  table 
of  the  flow  of  the  river  at  Pittsburg  from  calculaticms  of  the  flow  at 
ditferent  stages  of  the  water  from  low  water  up  to  22  feet  in  the  chan- 
nel, from  which,  with  the  assistance  of  the  office  record  of  heights  of 
water,  the  weekly,  monthly,  and  annual  flow  of  the  Oliio  can  be  determined 
with  more  accuracy  than  has  heretofore  been  attainable. 

WORKS  ON  THE  KIVER. 

In  my  last  annual  report  was  presented  tlie  original  estimated  quan- 
tities required  [contract  prices,  &c.]  for  the  construction  of  a  number  of 
riprap  dams  planned  to  confine  the  water  for  the  imi>rovement  of  low- 
water  navigation,  as  also  to  lengthen  the  period  in  which  safe  coal-boat- 
ing could  be  carried  on. 

A  table  was  also  given  showing  the  additional  quantities  [contract 
prices,  &c.]  reqnired  to  complete  said  dauis. 

At  the  time  of  making  that  report  it  was  expected  that  all  these  dams 
could  be  finished  before  the  winter  set  in,  but  the  almost  unprecedented 
low  condition  of  the  river  during  the  fall  interfered  so  much  that  the 
contractors  at  some  of  the  places  were  unable  to  move  the  stone  away 
from  the  quarries.  Again  this  spring  the  water  remained  high  longer 
than  usual,  so  that  they  were  delayed  resuming  operations  until  within 
a  few  weeks.  At  the  present  time  all  of  the  unfinished  contracts  are 
being  pushed  rapidly  to  completion. 
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Standard  showing  the  estimated  amount  of  work  done  on  the  daimsinc^M 

annual  report  to  end  of  June^  18G8. 


1°^ 

Place. 

Contractorg. 

Amount 
pai(L 

Yet  to  be 
paid. 

^  mi 
^2 

Remarti 

11 

18 

White's  Ripple 

IjOiTMtOW ll.....«    ..... 

Swan  &  Fenton 

Routh  Sl,  Lane  ....... . . 

$7.  946  75 
5,544  <;0 

10,  4'K)  00 
3,(K)0  00 
9.000  00 
6,  210  00 
8,  970  00 
5.()eo  17 
7,990  1:3 

11,8(X)  00 
9,867  50 

$5,  596  25 
4,  716  25 

$794  67 
554  40 

Twin  iulandu 

Captina  inland 

Finli  Cn-tk  island 

Petticoat  bar 

MuHkingutn  iHland  ... 
Bleunerhasik'tt  itdand 

Buffiugton  igland 

C  Manful  &  K«'rr,  1st 

(  James  Kerr,  2d 

Rout  h  6c  Laue ......... 

85 

CotitrMt  cle*«4 

107 

...... .....i          

Contract  dosed. 

112 

Ronth  Si.  JjHiie 

Contract  c  IoibnI 

146^ 

King,  Reinbart  &  Tripp. 

C.M.Cole 

C.  M.Cole 

Contract  clo«d. 

174 
185 

5,442  13 
1,754  00 

562  51 

799  01 

(J.J.  Power,  l«t 

\  Charles  Cable,  2d 

214 

Contract  clo?«l 

The  table  does  not  exhibit  the  June  estimate,  not  yet  paid,  which  will 
include  a  considerable  amount  of  work,  and  which  closes  the  coiitra<l5 
for  Lo;rrstown  bar  and  Blennerhassett's  island.  The  July  estimate  will 
close  the  contract  at  White's  Ripple,  so  that  by  the  1st  of  August  Mus- 
kingiim  alone,  of  the  original  contracts,  will  remain  to  be  closed. 

White's  Ripple,  (11  miles  from  Pittsburg.) 

It  was  hoped  that  the  dams  at  this  place  could  have  been  finished 
about  the  end  of  October,  1807,  but  the  remarkable  low  w^ater  of  the  tall 
prevented  work  for  several  months,  so  that  little  was  done  after  the  date 
of  la^st  annual  report,  until  the  subsidence  of  the  spring  floods. 

The  dam,  so  far  as  finished,  stood  the  winter  freshets  and  ice  gorges 
much  better  than  could  have  been  expected.  The  work  is  progressing 
favorably  at  present,  and  with  no  accident.  The  whole  plan  for  imi)rove- 
ment  at  present  contemplated  can  be  iinished  by  the  end  of  Septemkr. 
The  quantity  of  material  renmining  to  close  the  first  and  second  cou- 
racts  will  be  all  placed  on  the  dams  by  the  middle  of  July.]  The  neces- 
sity for  the  reconstruction  of  the  old  cross-dam,  which  entered  into  Cap- 
tain Sanders's  plan  for  the  imi)rovement  of  this  place,  was  not  so  appa- 
rent last  year;  but  frequent  visits  atdifferent  stages  of  water  have  showii 
that  it  will  be  necessary  to  partly  rebuild  it,  to  aid  in  checking  the  strong 
current,  most  dangerous  at* a  coal-boat  stage,  which  sets  obliquely  over 
the  long  dam  running  dowu  the  middle  of  the  river.  The  construction 
of  this  dam  involves  an  increase  in  the  estimate  heretofore  made,  of 
2,500  cubic  yards.  Dredging  off  the  i)oint  of  a  bar  to  relieve  the  current 
is  advised  also.  This  work  will  be  confined  nearly  altogether  to  one 
place  on  the  right  bauk  of  the  river,  500  feet  below  the  head  of  the  dam, 
as  shown  on  the  charts ;  2,500  yards  of  dredging  in  gravel  is  estimated 
for  White's  Ripple  and  vicinity.  The  whole  system  of  dams  here  pre- 
sents the  appearance  of  breakwaters,  the  current  to  be  guarded  from 
carrying  boats  over  dangerous  rocks  and  bars,  which  formerly  made  the 
left  half  of  the  river  dangerous  for  a  mile  down.  Various  considemtionij 
had  to  be  taken  into  view^,  and^until  now  no  definite  conclusion  could  be 
satisfactorily  arrived  at.  It  is  a  difficult  place,  difficult  currents  having 
to  be  accommodated  up  to  a  10-feet  stage,  after  which  the  I'iver  flows 
smoothly  over  its  whole  extent.  The  engineering  and  inspecting  party 
have  this  summer  made  a  complete  survey  of  this  locality,  a  map  of 
which  is  now  among  the  others  in  this  office. 
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LoGSTOWN  BAR,  (18  miles  below  Pittsburg.) 

As  reported  last  year,  the  improvement  of  this  place  has  made  a  safe, 
easy  channel  for  the  tow-boats.  A  number  of  experienced  i)ilots  have 
expressed  themselves  as  greatly  i)leased  with  the  work.  The  winter 
floods  had  the  desired  effect  of  washing  away  the  sand  ridge  which  had 
collected  along  the  site  of  the  old  dam  removed,  making  the  channel  over 
it  deeper  in  that  way,  while  the  new  dam  became  more  consolidated  from 
the  stind,  gravel,  and  debris  washed  into  it,  so  that  the  stone  placed  on 
this  si)ring  to  complete  the  dam  had  a  good  solid  foundation.  No  fur- 
ther additional  work  for  imi)rovement  at  this  place  seems  necessary. 
The  dam  was  finished  on  the  1st  of  July,  18G8. 

Tw^N  ISLANDS,  (85  miles  below  Pittsburg.) 

The  material  estimated  for  dams  at  this  ph'ice,  in  both  contracts,  was 
placed  on  the  long  dam  from  the  Virginia  shore,  terminating  on  the  head 
of  the  ui)per  Twin  island,  on  a  whole  length  of  3,000  fel^t.  As  a  general 
thing  this  dam  has  stood  very  well,  the  damage  by  undermining  and  set- 
tling being  confined  to  the  lower  third,  near  the  island  end,  where,  for  a 
distance  of  500  feet,  it  has  lowered  itself  in  the  sand.  About  950  cubic 
yards  will  be  required  to  raise  the  work  to  its  original  height.  The  dam 
has  made  for  itself  a  good  foundation,  so  that  hereafter  there  will  be  less 
likelihood  of  its  undermining. 

Even  with  this  break  or  low  place,  leaking  a  great  deal  of  water,  the 
navigation  on  the  shoal  has  been  better.  In  former  reports  to  the  de- 
partment reference  was  made  to  the  construction  of  a  short  dam  to  con- 
tine  the  water  to  the  right  of  a  bar,  so  as  to  concentrate  all  the  water  on 
the  shoal,  as  otherwise  a  large  quantity  of  the  water  sent  down  by  the 
main  dam  is  lost. 

The  necessitv  for  this  latter  dam  did  not  become  evident  until  after  the 
construction  of  the  dam  above.  Seven  hundred  cubic  yards  will  be  re- 
quired to  construct  it,  or  a  total  of  1,050  cubic  yards  for  Twin  islands. 

Captina  island,  (108  miles  below  Pittsburg.) 

The  dam  at  this  place  was  completed  late  in  the  fall,  so  that  it  proved 
of  advantage  to  navigation  during  last  spring,  the  entire  river  being 
confined  up  to  a  seven-feet  stage  on  the  right  or  channel  side  of  the 
island. 

The  dam  was  built  very  strongly,  and  has  stood  well,  with  the  exception 
of  about  150  feet,  where  it  emerges  from  the  water  at  a  low  stage  on 
the  island  bar,  where  is  seems  to  have  settled  down  bodily.  Otherwise 
the  dam  is  benefited  by  becoming  filled  with  gravel  and  sand,  and  is 
nearly  water-tight.  To  rebuikl  the  i)ortions  settled  down,  an  allowance 
of  550  cubic  yards  has  been  made  in  the  estimates  below;  also  500  yards 
of  dredging,  to  straighten  the  channel  and  scrape  awji^^  boulders,  which 
still  leave  the  navigation  precarious  for  heavy-laden  boats  during  the 
lowest  water. 

Fisti  Creek  island,  (112  miles  below  Pittsburg.) 

At  date  of  last  annual  report  but  800  cubic  yards  remained  to  be 
boated  in.  During  the  latter  part  of  the  tail  the  dam  was  finished. 
The  contract  was  for  3,000  cubic  yards,  but  the  dam  was  built  with 
2,760  cubic  y.ards,  for  which  latter  quantity  the  contractors  were  paid. 
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Au  iee-gorge,  Tvliich  settled  during  tlie  winter  at  this  dam,  knocked 
off  portions  of  tlie  new  stone  before  it  ba<l  htul  time  to  become  well 
settled.  The  wliole  damage  done  is,  however,  trifling,  400  cubic  yards 
being  all  that  is  required  to  rebuild  the  work ;  and  as  the  breaks  have 
widened  the  base,  the  material  to  be  put  on  will  make  a  stronger  dam 
than  the  original. 

Petticoat  bar,  (140^  miles  from  Pittsburg.) 

The  dams  at  Petticoat  bar  were  reported  as  finished  in  last  annual 
report.  As  mentioned  in  that  report,  the  dams  here  remained  intact, 
notwithstanding  their  having  been  subjected  to  liea\ier  ice  than  has 
passed  down  the  river  for  many  years.  At  one  point  it  shows  the  marks 
of  having  been  rubbed,  ^vith  only  the  effect  of  smoothing  down  the 
stone  as  though  rolled  with  a  heavy  weight.  No  additional  material 
seems  to  be  required.  A  very  noticeable  improvement  has  been  exjic- 
rienced  at  this  place  for  the  navigation  of  coal-boats  at  the  lowest  water, 
dming  which  they  can  safely  run,  all  the  water  being  coutined  to  tbe 
channel,  and  not,  as  heretofore,  spreading  over  the  shoal  bars  and  old 
unfinished  dam  to  the  left  of  the  channel. 

Muskingum  island,  (174  miles  from  Pittsburg.) 

The  same  reason  for  the  dams  above  not  being  finished  apply  to  those 
further  down  the  river,  the  water  having  remained  remarkably  low  until 
late  in  the  season.  The  work  on  the  Muskingum  dam  is  iirogressing 
favorably',  the  same  contractor  having  also  the  dams  at  Blennerhas- 
sett's  island.  No  damage  was  done  to  the  dam  during  the  winter,  and 
it  is  likely  that  some  surplus  nmterial  will  remain,  which,  as  mentioned 
in  last  annual  report,  it  will  be  well  to  apply  to  Blennerhassett's  island 
dams  to  help  make  up  the  quantity  required  there,  caused  by  damage 
during  the  winter. 

Blennerhassett's  island,  (185  miles  from  Pittsburg.) 

At  date  of  last  annual  report  but  two  dams  were  under  construction 
at  Blennerhassett's  island,  one  at  the  head  and  another  at  the  foot  of 
the  island,  crossing  to  the  towhead.  Later,  it  Avas  found  necessary  to 
further  confine  the  water  on  the  shoal,  between  a  spur-dam  at  the  foot 
of  the  towhead  and  semicircular  wing-dam  on  the  right  hand.  Both  of 
these  last  were,  however,  of  small  dimensions.  The  three  lower  dams 
have  all  stood  the  winter  very  well,  but,  as  anticipated  last  year,  more 
material  will  be  required  on  the  head  dam,  for  during  the  progiTSS  of 
the  work,  but  more  particularly  in  the  winter,  it  settled  down,  and  at 
several  points  gave  way  entirely ,  owing  to  tlie  winter  floods  coming  sud- 
denly upon  it  before  its  base  was  fully  filled  out.  Before  the  dam  begins 
to  overflow  there  is  a  ditterence  of  five  feet  between  the  pool  above  and 
that  immediately  below,  and  with  three  feet  water  flowing  over  it  the 
force  of  the  current  is  very  powerful.  There  is  no  doubt  it  will  stand 
after  it  becomes  consolidated  Avith  gravel,  which  naturally  washes  into 
the  dams;  but  to  aid  beforehand  in  this  natural  operation  it  is  proposed 
to  intermix  brush  with  the  stone,  which  will  probably  hold  it,  so  that  in 
a  short  i)eriod  the  whole  dam  will  have  become  cemented  \\ith  sand  and 
gravel.  Stones  in  some  of  the  old  dams  built  by  Captain  Sanders  24 
years  ago  are  so  tightly  imbedded  in  this  natural  cement  that  pprtions 
a  foot  square  on  the  surface  would  require  the  aid  of  a  crowbar  to 
loosen  them. 
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Buffington's  island,  (214  miles  from  Pittsburg.) 

There  are  two  dams,  as  has  been  shown  previously.  The  long  Vir- 
ginia chute  dam  has  stood  very  well.  It  appears  to  be  ad\isable  to 
lengthen  it  out  from  its  lower  slioulder  towards  a  bar  around  which  the 
channel  divides,  and  which  neutralizes  in  part  the  evident  good  ett'ect  of 
closing  the  Ohio  cliut€.  The  dam  closing  the  Ohio  chute  was  perfectly 
new,  and  although  it  has  itself  stood  tolerably  well,  the  water  which 
at  tii*st  ran  through  washed  out  a  wide  gap  or  channel,  between  its 
lower  extremity  and  the  head  of  the  island,  which  in  the  nature  of  the 
case  could  not  have  been  calcidated  upon,  and  happening  in  the  middle 
of  winter,  it  could  not  be  repaired  at  a  time  when  promptness  might 
have  materially  checked  the  mischief.  It  is  necessary  now  to  carry  this 
dam  from  its  old  terminus  to  the  island  in  order  to  insure  the  perma- 
nent improvement  of  the  new  channel.  The  cutting  process  is  not  likely 
to  renew  itself  at  this  i)oint,  as  it  has  washed  down  to  a  more  substan- 
tial foundation. 

In  all,  3,000  cubic  yards  is  estimated  to  repair  this  dam  and  effect 
some  improvement  on  the  Virginia  chute  dam;  and  in  addition,  to 
straighten  the  channel  through  the  lower  portion  of  the  shoal,  where  a 
difficult  tmn  has  to  be  made,  1,000  cubic  yards  of  dredging  may  be 
required. 

As  a  Avhole,  it  may  be  said  the  riprap  dams  have  stood  very  well, 
when  we  take  into  consideration  their  newness  and  the  sudden  manner 
in  which  the  winter  floods  set  in.  In  many  hi  stances  it  appears  neces- 
sary that  additional  work  may  be  required  to  complete  dams  of  this 
sort,  after  the  lirst  year,  the  tirst  winter  floods  pointing  out  the  vulner- 
able points. 


REPAIRS  OF  WORKS,   ETC. 

According  to  orders  from  the  department,  in  printed  circular  dated 
February  20,  18G8,  the  amount  required  on  these  works  to  prevent  them 
from  deteriorating  to  June  30,  1809,  has  been  carefully  estimated. 

In  my  monthh'  reports  to  the  department,  particularly  that  for  June 
last,  the  damages  to  the  dams  by  ice  and  the  winter  floods  has  been 
referred  to  in  detail. 

The  following  table  exhibits  the  amonnt  of  work  required  at  several 
of  the  points  to  prevent  them  from  deteriorating,  and  to  secure  the 
channels,  as  well  also  as  to  repair  the  damages  and  floods  of  the  winter. 


Distance   from 
Pittsburg. 


Place. 


1 1  Diilus 

8*5  miles 
lOrJ  miles 
112  miles 
18;^  miles 
214  miles 


Whitens    Ripple  and 
vicinity. 

Twin  islands 

Captina  island 

Fisn  Creek  island 

Blennerhassett's  island 
Bufiington   island 


Cubic  yards  of 
stone  or  stone 
and  brush. 


2,700 

1 ,  650 

550 

400 

1,000 

3,000 


Cubic  yards  of 
gravel  excava- 
tion. 


2,500 


500 


Remarks. 


As  soon  as  the  department  sanctions  it,  the  above  quantities  will  be 
advertised  for  letting,  so  that  the  work  can  be  done  before  the  close  of 
the  season  on  all  the  old  dams. 


686 


REPORT    OF    THE    SECRETARY    OF   WAR. 


NEW  WORKS. 

The  uncertaiuty  respecting  appropriations  has  delayed  or  prevented 
the  coinnieneement  of  works  at  other  points,  and,  with  the  limited  means 
likely  to  be  approi)riated,  it  will  evidently  be  impossible  to  commence 
work  at  all  places  which  may  require  it.  In  my  la«t  annual  report  a  list 
of  the  principal  bad  points  on  the  river  was  given,  with  approximate 
estimates  of  cost  for  their  improvement. 

The  following  places  above  Louisville  are  selected  from  the  list  as 
being  the  most  urgently  requiring  improvements. 


Miles  from 
Pittsburg. 

Place. 

Estimated  cost  of 
.  improvement. 

Bemarks. 

27  and  29 
41 

Beaver  and  Raccoon  shoals 

Lino  inland 

§20,000  00 

800  00 

10,000  00 

10,000  00 

20,000  00 

7,000  00 

3,000  00 

700  00 

3,500  00 

10,000  (H) 

2,000  00 

3,000  00 

10,0(0  00 

8.000  00 

25,000  00 

1.5,000  0(J 

16,000  00 

90 

Wheeling  island 

133 
107 

Williamson's  island 

Marietta  island 

232 

I^etart's  island -- 

255 

EiErht-niilo  island -.-- 

273 
302 

RaictTon  island 

(jinvaudotto  bar 

Erection  of  land- 
marks, &c. 

312 

391 

Burlington  or  Twelve-pole  bar 

Manchester  island 

4-^r. 

Foot  of  Anerusta  bar 

459 

Four-mile  Cre(*k  bar. 

4HH 
50H 

Bosley  or  Medoe's  bar 

Kisinar  Sun  bar. 

534 

Wassaw  bar 

595 

Grassv  flats 

Total  cost 

164,000  on 

At  some  of  the  points  the  cost  can  perha])s  be  made  somewhat  less, 
while  at  others  the  peciiliariiies  of  the  river  bottom  in  settling,  and  tbe 
accidents  of  the  seasons,  may  make  a  small  additional  estimate  requisite. 
A  dam  cannot  be  vsafely  called  linished  until  it  has  withstood  one  winter 
and  had  defects  remedied. 

The  low-water  business  below  Louisvilh^  is  very  important,  but  the 
works  below  that  point,  being  costly,  might  be  posti)()ned  until  more 
means  are  granted.  At  some  few  places  below  Louisville  the  removal 
of  numerous  wrecks  and  snags  will  be  a  decided  improvement,  and  per- 
haps in  the  Grand  Chain,  40  miles  above  Cairo,  some  dang€*rous  rooks 
can  be  removed.  These  are  operations  which  can  mostly  be  done  bv 
the  snag-boats  as  they  pass  along,  and  it  is  not  presumed  that  any  addi- 
tional cost  for  removing  rocks,  as  at  the  Grand  Chain,  will  add  inuch  to 
the  total  cost  as  above. 

The  points  selected  between  Pittsburg  and  Louisville,  a  distance  of 
r){)S  miles,  are  recognized  as  those  most  urgently  recpiiring  improvement. 
With  their  improvement  alone  a  gi*eat  commercial  interest  would  be 
benefited.  In  some  parts  of  this  distance  intercourse  from  place  to  plaee 
is  contined  altogether  to  the  river,  even  in  the  worst  periods  of  its  navi- 
gation, so  that  the  addition  of  a  foot  or  more  to  the  depth  of  the  river 
would  attbrd  them  margin  enough  to  use  better  boats  for  the  trausiwrtiv 
tion  of  freight,  passengers,  and  mail  throughout  the  year. 

Even  where  railroads  connect  plaees  along  the  river,  boats  will  cany 
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freight  as  long  as  they  can  run,  the  cost  of  transportation  being  so  much 
less.  A  considerable  ami  growing  business  during  the  summer  and  foil, 
in  shipping  coal  to  Louisville  and  Cincinnati  during  low  water,  will  also 
be  greatly  benetited. 

It  is  siife  to  predict  that  these  low- water  improvements  alone  will  here- 
after, in  the  worst  coal-boat  seasons,  keep  the  price  of  coal  from  rising  as 
it  has  hitherto  risen,  as  in  18G8,  to  exorbitant  rates,  when  the  water 
remained  too  low  to  boat  coal  from  Pittsburg  or  Wheeling  or  Pomeroy. 

REMOVING  OBSTRUCTIONS  FROM  THE  RIVI^R. 

The  plan  adopted  last  year  for  the  removal  of  obstructions  in  the  river 
has  i>roved  successful,  Captain  Ilodgers,  of  the  Greenback,  having  at 
the  date  of  last  annual  report  been  engaged  about  three  months  at  the 
work.  As  he  progressed  down  the  river  he  succeeded  in  removing  the 
snags  and  wrecks  most  dangerous  to  the  navigation  for  a  distance  of 
about  31*5  miles,  when  work  ceased  on  account  of  the  inclemency  of  the 
weather,  and  the  boat  returned  with  its  flats  and  crane-boats  to  Pitts- 
burg, November  23,  18()7.  A  secondary  contract  was  made  September 
25,  1807,  with  Captain  Rodgers,  using  one  crane-boat,  which  was  engaged 
30  days  removing  the  bouhler  rocks  in  the  left  channel  of  Brunot's  island, 
whi(?h  had  previously  rendered  the  navigation  of  that  side  impossible  at 
low  water.  With  the  removal  of  these  rocks  a  safe  low- water  channel, 
trom  10  to  12  inches  deeper  than  that  formerly  down  tlie  right  side  of 
the  island,  through  Glass-house  Kii)ple,  was  opened  to  commerce.  This 
improvenuMit  was  of  great  benetit  to  Pittsburg  interests,  and  called 
forth  unanimous  satisfaction  among  the  river  men  and  pilots,  a  number 
of  whom  visited  the  locality  and  signified  their  a])i)robationof  the  inqn'ove- 
ment  in  a  letter  published  in  all  the  papers  of  Pittsburg. 

An  estimate  of  cost  for  the  continuation  of  the  plan  through  another 
season  adopted  for  removing  obstructions,  was  made  in  my  last  annual 
rei>ort  applicable  to  one  steamer  and  one  crane-boat  for  each  contract. 
It  appearing  to  be  advisable  to  employ  two  crane-boats,  and  double  crews 
with  each  of  the  steamers,  an  arrangement,  by  the  permission  of  the 
dei)artnient,  was  made,  so  that  this  year  there  will  be  two  crane-boats 
and  crews  instead  of  one  with  each  of  the  steamers. 

In  May,  1808,  advertisements  for  proposals  for  removing  obstructions 
were  published,  the  first  for  one  steamer  and  two  crane-boats,  four  flats, 
and  the  necessary  fixtures,  and  the  second  for  two  additional  steamers, 
crane- boats,  &c.,  as  authorized  by  the  department. 

Captain  John  liodgers  was  awarded  the  flrst  contract,  his  price  being 
$153  for  each  working  day,  and  began  operations  a  few  (lays  afterwards, 
proceeding  down  the  river,  with  instructions  to  take  out  any  new  snags 
or  wrecks  wliich  had  come  in.  The  regular  district  assigned  him  on  the 
river  is  from  Ironton,  Ohio,  where  he  left  off,  to  Cincinnati;  should  he 
be  able  to  work  later,  after  reaching  Cincinnati,  he  has  orders  to  go 
below  the  lower  parties  ami  continue  operations. 

The  two  additional  contracts  were  made  June  25,  1808,  with  Jnmes 
Routii,  of  the  steamer  Petroliii,  at  $153  per  full  working  day,  and  C.  M. 
Cole  and  T.  W.  Spencer,  with  steamer  Zebra,  at  8148  per  full  working 
day;  each  of  these  steamers  being  provided  with  two  crane-boats,  four 
flats,  and  the  necessary  fixtures  for  removing  snags  and  wret'ks,  the  same 
as  Captain  Kodgers. 

It  is  expected  that  the  Zebra,  Captain  Spencer,  will  begin  operations 
about  the  18th  of  July  at  Cincinnati,  to  continue  to  Evansville,  a  distance 
of  about  330  miles.    The  Petrolia  is  now  on  her  way  to  Evaii^v  vUfc  \.v^ 
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begin  operations  on  her  district,  extending  thence  to  Cairo,  a  distance 
of  liOO  miles. 

In  charge  of  the  Greenback  we  have  Captain  John  Shouse,  United 
States  inspector,  who  conducted  tliese  oi)erations  with  care  and  abilit}* 
last  year.  The  inspector  with  the  Zebra  will  be  Captain  B.  D.  Cafferv, 
and  with  the  Petrolia,  Captain  David  M.  Dryden,  Louisville  Falls  pilot; 
all  of  these  men  are  well-known  pilots,  possessed  of  energy  and  integrity, 
and  well  qualihed  for  the  duties  assigned  to  them. 

Although  the  operations  of  removing  obstiTictions  have  begun  later 
than  last  year,  it  is  hoped  that,  with  the  additional  crane-boats  and  double 
crews,  and  a  favorable  season,  all  the  wrecks,  trees,  and  snags  known  to 
be  dangerous  to  the  navigation  of  the  Ohio  will  be  taken  out  before  the 
Avinter  sets  in. 

1  might  say,  in  conclusion,  in  regtird  to  the  number  of  snags,  &c.,that 
the  inspectors  and  engineering  parties  have  from  time  to  time  been 
informed  of  others  in  addition  to  those  included  in  a  special  rei)ort  to 
the  department,  the  removal  of  which  will  appear  in  the  rei>orts  from  the 
wrecking  steamers. 

Very  respectfully,  your  obedient  servant, 

W.  MILNOR  ROBERTS, 
Z7.  S.  CitU  Engineer  hi  charge  Ohio  Elver  Improvement, 

Major  General  A.  A.  Humphreys, 

Chief  of  Engineers^  U,  S,  A, 


APPENDIX  M. 

United  States  Engineer  Office, 

Baltimore^  Mari/Uimlj  September  12,  1808. 

General:  In  obedience  to  circidar  from  headquarters,  corps  of 
engineers,  dated  June  10,  1808,  I  have  the  honor  to  make  the  following 
rei)ort  of  oi)erations  on  the  river  improvements  under  my  charge  for  the 
year  ending  June  30,  1808  : 

PATAPSCO  RIYER  IMPROVE^klENT. 

The  necessary  repairs  of  dredges,  scows,  and  tug,  referred  to  in  last 
report  as  being  in  i)rogress,  were  found  to  be  much  more  extensive  and 
costly  than  anticipated. 

They  were,  however,  completed  about  the  middle  of  July ;  and  three 
dredges,  with  nine  scows,  and  one  tug,  commenced  operations  at  upiier 
end  of  "  new  cut,"  south  from  Seven  Foot  Knoll.  Operations  were  vigor- 
ously prosecuted  until  November  1,  when  a  severe  gale,  doing  some 
injury  to  the  dredges,  caused  their  removal  from  this  exposed  part  of  the 
channel  to  a  more  secure  position  near  the  ui)per  end  of  the  old  Brewer 
ton  channel,  in  the  vicinity  of  Fort  Carroll,  where  they  continued  opera- 
tions until  December  15,  when  the  season  compelled  a  cessation,  and  the 
property  was  moored  in  winter  quarters  in  the  inner  harbor  of  Balti 
more. 

The  ensuing  spring,  after  some  repau'ing  and  refitting,  oi)erations 
were  resumed,  June  15th,  by  the  same  force,  in  the  "new  cut"  below 
Seven  Foot  Knoll,  where  they  have  since  been  continued. 

The  general  result  of  the  last  year's  operations  has  been  the  excava- 
tion of  a  channel  from  the  Brewerton  channel  southward,  past  the  Bel- 
videre  shoal,  having  a  general  available  width  of  500  feet,  >vith  a  depth  of 
22  fidtt  at  low  water,  for  a\e\\gl\i  oi  ^N^\s:^\ft.^. 
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Owing  to  the  prevalence  of  hard  oyster-beds  on  this  route,  it  was 
deemed  advisable  to  increase  the  width  of  the  channel  as  above,  through 
all  such  parts,  from  200  to  500  feet. 

Though  it  will  require  another  season  to  complete  the  dredging,  it  is 
believed  that  this  route  will  be  available  for  use  duiing  the  present 
working  season. 

The  result  of  this  season's  operations  encourages  the  belief  that  this 
alteration  of  the  direction  of  the  dredged  channel,  as  proposed  by  Bre- 
vet Lieutenant  Colonel  Craighill,  major  of  engineers,  will  prove  a  com- 
plete success,  both  in  saving  distance  and  permanency  in  depth,  as  the 
current  which  crossed  the  old  route  at  a  very  obtuse  angle  now  passes 
down  in  a  direction  coincident  with  the  longitudinal  axis  of  this  channel. 

In  relation  to  the  information  called  for  by  circular  of  June  10, 1868, 
paragraph  2, 1  have  to  report  as  follows : 

1.  No  surveys  have  been  made  since  last  annual  report. 

2.  About  $175,000  will  be  required  to  complete  the  work. 

3.  About  $125,000  can  be  profitably  expended  during  the  next  fiscal 
year. 

4.  Work  is  located  in  the  collection  district  of  Baltimore. 

5.  The  work  extends  from  Fort  McHenry  past  Fort  Carroll,  Seven 
Foot  £iioll  light,  and  Bodkin  light. 

6.  Revenue  collected  during  the  j'ear  amounted  to  $5,900,000. 

7.  Commerce  benefited  consists  of  steam  and  sailing  packets  to 
Liveri>ool,  Bremen,  Hamburg,  Havana,  New  Orleans,  Boston,  and  New 
York,  with  large  sailing  vessels  coastwise,  and  lumber  and  coal  trade. 

8.  The  following  proposals  have  been  received : 

For  repairs  of  machinery. 


MATERIAL. 

Boiler  iron per  poand 

Boiler  rivets do..-. 

Wrouf^ht  iron do 

Hammered  iron do 

Steel do 

Iron  castings do 

Brass  casting^ do 

Composition  casting^ do 

Sheet  copper do 

3-inch  wrought  boiler  tubes per  foot . . 

LABOR. 

Boiler  makers per  hour 

Forging  and  forge do . . . 

Drilling  and  drills do. . . 

Boring  and  tools do. . . 

Planing  tools do... 

Tnming  tools do. . . 

Carpenter  work do. .. 

Pattern  makers do... 

Fitters do... 

Htichinists do... 


00 

-go 

a: 


Cents, 

8 
8 
6 
6 
15 

4i 
25 
25 
35 
45 


29 
70 
40 
70 
50 
50 
32 
J8 
30 
35 


4"^ 


Cents. 

8 
8 

5i 
6 
30 

4i 
30 
30 
40 
50 


30 
60 
50 
50 
50 
50 
30 
20 
30 
40 


id 

COcS 


Cents, 

8 
10 

6 
10 
30 

30 
30 
3i 
50 


28 
75 
50 
50 
60 
60 
35 
20 
30 
35 


Cents, 

7i 

9 

7 

9 

25 

5 

32 

32 

35 

50 


30 
75 
50 
60 
60 
60 
30 
20 
30 
35 
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Pivposals  for  repairs  of  wood-work. 


MATERIAL. 

Select  white  oak  plank,  per  foot,  board  measure 

Select  white  oak  timber,  per  cubic  foot 

Select  North  Carolina  timber,  per  cubic  foot 

Select  North  Carolina  plank,  per  foot,  board  measure 

Hand-made  wrought-iron  spikes,  per  pound 

Machioe-made  wrought-iron  spikes,  per  pound  .... . 

Bolt  iron,  per  pound 

Navy  oakum,  per  pound 

North  Carolina  pitch ,  per  gallon 

Gas  tar,  per  gallon 

Ship-smith  iron,  per  pound 

LABOR. 

Hauling  on  railway,  per  job — dredge 

Hauling  on  railway,  per  job — scow 

Hauling  on  railway,  per  job — tug 

Use  of  ways,  per  day — dredge 

Use  of  ways,  per  day — scow 

Use  of  ways,  per  day — tug 

Ship  carpenters,  per  hour 

Ship  smiths,  per  liour 

Ship  calkers,  per  hour , 

Ship  scrapers,  per  hour 

Ship  laborers,  per  hour 


S  o 


$0  06 
48 
48 
05 
10 
09 
07 
11 
30 
20 
08 


30 

10  00 

20  00 

17  00 

5  00 

10  00 

35 

27i 

35 

30 

25 


$0  05 
60 
60 
05 
09f 
08f 
05 
09 
25 
20 
05 


20 
10  00 
12  00 
10  00 


5 

7 


00 
00 
35 
30 
30 
30 
20 


u 


Proposals  for  miscellaneous  supplies. 


Items. 


Brooms,  corn per  dozen . . 

Brooms,  hickory do 

BrnsheH,  paint,  000(» each . . 

Brushes,  paiiii, 1 0000 each.. 

Bmshes,  paint,  000000 each . . 

Brushes,  swab each . . 

Cotton  waste per  pound . . 

Coal-oil  grease per  gallon . . 

Emery  paper per  quire . . 

Emery  cloth do 

Files,  4^-inch i^er  dozen . . 

Files,  5-inf.h do 

Files,  14-inch do 

Lamp  wick per  pound . . 

Lampblack do 

Leather  bellows do 

Leather  bellow  s per  side 

Leather  rigging do 

Leather  rigging per  pound . 

Lead,  white do 

Lead,  black do 


S  d 


$4  00 
3  50 

30  cts.  to  ? 
7.')Uz.  5 


i'H 


s 

S     CO 


$3  50 
3  25 

18  00 


dz.,5  50 

20 

20 

24 

1  50 

8  00 


|4  00 
3  25 

cts.  to 
1  50 


75 
15 


5  50 
5  50 


16 
15 


40 
19 
12 
50 
1  60 
II  50 


60 

25 

50  to  75 


50  to  75 
14 
15 


5  25  cts.  to  \ 
l  i  50j 


25 


REPORT  OF  THE  SECRETARY  OF  WAR. 


691 


Proposals  for  miscellaneous  supplies^  &c. — Continued. 


Items. 


red per  poand 

Qe do.  .- 

les per  gross 

9urd per  gallon 

nseed,  (boiled) do... 

oal do 

\ngt  gum per  pound 

ing,  bemp do... 

ng,  soapstone do 

do 

.(varioufl  kinds) do.... 

le do... 

aline do 

s  turpentine per  gallon 

per  pound. 

w do 


3 
1 
1 


$0  15 
23 
26 
00 
60 
58 
63 
1  25 
35 
80 
09 
25  to  60 
21 
21 
80 
10 
15 


en 
9 

S  00 

II 


$0  16 

24 

28 

2  50 

1  30 

1  40 

55 

80cts.to$l 

25 

60 

08 

30  to  75 

23 

23 

23 

10  to  12 

15 


$0  14 

23 

28 

2  50 

1  25 

1  28 

45 

93 

29 

60 

G6i 

25  to  50 

22 

22 

80 

10 

13i 


►3« 


$0  121 

23 

25 

2  30 

1  30 

1  30 

50 

83 

35 

65 

6 

25 

21 

25 

75 

'  10 

15 


Proposals  for  coal, 

Hankey,  $4  90  per  ton,  delivered. 

9th  and  lOtb. — Contract  for  repairs  of  machinery. 

izlehurst  &  Co.,  prices  as  per  abstract  of  proposals. 

Contra4itfor  repairs  of  wood-work, 

hite,  Sinclair  &  Kemp,  prices  as  per  abstract  of  proposals. 

Contract  for  miscellaneous  supplies. 

ane  &  Brother,  prices  as  per  abstract  of  proposals. 

Contract  for  coal. 

Hankey,  $4  90  per  ton  of  2,240  pounds. 

— Amount  expended  during  the  year  ending  June  30, 

J8 $71,017  IG 

unt  available  July  1, 1868, $3,982  84 

nnt  of  appropriation  of  July  25,  1868,  appor- 
ned  to  this  work  by  engineer  department, 

ly  30,1868 17,000  00 

20,982  84 

ant  to  be  expended  during  the  year  ending  June  30, 1869     20, 982  84 
•opriation  required  for  the  year  ending  June  30, 1870. .  125, 000  00 
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IMPROVEMENT  OF  THE  SUSQUEHANNA  RIVER. 

Since  the  date  of  last  report  contracts  have  been  let  for  all  the  labor 
and  material  required  to  complete  this  improvement,  so  far  as  the  present 
appropriation  will  admit. 

Operations  were  commenced  on  the  construction  of  the  three  cribs  in 
September,  1867.  Owing  te  unavoidable  delay  in  procuring  some  of  the 
long  piles  required,  these  were  not  comi^leted  in  time  to  acUnit  of  being 
tilled  entirely  with  stone,  and  in  consequence  two  of  them  w  ere  so  much 
injured  by  ice  during  the  last  winter  as  to  necessitate  their  reconstruc- 
tion this  spring. 

Work  was  carried  on  also  during  the  fall  and  winter  on  the  construc- 
tion of  the  rafts,  and  they  will  now  soon  be  ready  to  be  put  in  place.  It 
is  hoped  that  this  improvement  will  be  in  working  order  by  November 
1st,  at  the  latest.  During  the  last  season,  to  relieve  the  commerce  of 
the  port,  it  was  found  essential  to  remove  some  accumulations  of  sand, 
formed  by  ice,  at  the  lower  end  of  the  old  dredged  channel,  and  it  was 
effectually  done  under  contract,  by  the  removal  of  about  30,000  yards  of 
material,  giving  a  depth  of  eight  feet  at  low  water,  through  the  shoal, 
about  two  miles  long. 

The  general  effect  of  a  boom  for  the  collection  of  logs,  constructed 
last  fall  very  near  the  line  selected  for  the  "  deflector,^  to  improve  this 
river,  renders  the  result  of  this  method  of  increasing  the  depth  of  water 
in  the  old  channel  almost  a  certainty ;  and  in  view  of  this  fact  it  is 
deemed  very  desirable  that  a  permanent  structure  be  substituted  for  the 
intended  temporaiy  one,  which  will  obviate  the  necessity  of  anj^  further 
expenditures  for  this  work.  An  estimate  for  such  a  structure  will  be 
found  in  its  appropriate  place  in  this  report. 

In  reply  to  circular  of  June  10, 1868, 1  would  report  as  follows : 

1.  No  surveys  have  been  required  since  last  rei)ort. 

2.  Aff  ount  required  to  complete  the  work  permanently,  $50,000. 

3.  Fifty  thousand  dollars  can  be  profitably  expended  during  the  next 
fiscal  year. 

4.  The  work  is  in  the  collection  district  of  Baltimore. 

6.  The  work  is  located  between  Point  Concord  light  and  Donohue's 
Battery  light. 

6.  The  amount  of  revenue  coUexjted  at  the  nearest  port  of  entry, 
Baltimore,  during  the  la«t  fiscal  year,  was  $5,900,000. 

7.  The  commerce  benefited  by  this  improvement  consists  of  all 
trade  coming  through  Susquehanna  and  Tide-water  canal,  and  the  whole 
lumber  trade  of  the  upper  Susquehanna. 

8.  The  following  proposals  have  been  received  for  this  work : 

Proposals  for  material — fwoodj 


J.  A.  Davis. 


16-inch  yellow  pine  piles,  50  feet  long,  per  foot 

H)-inc'h  yellow  pine  piles,  30  feet  long,  per  foot 

White  pine  timber,  per  1,000  feet,  (board  measare,)  for  cribs. 

White  pine  timber,  per  cubic  foot,  for  deflector 

LfOciLst  treenails,  24  inches  long,  per  1,000 

Oak  treenails,  24  inches  long,  per  1,000 , 

3-inch  white  pine  plank,  per  1,000  feet,  (board  measure).... 


10  29 
20 
32  00 
25 
40  00 
25  00 
30  00 
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Proposals  for  iron. 


ConnectiDg  links , 
Spikes 


per  pound 
do 


Q 

»-3 


Cta. 
]l 

09 


Proposals  for  stone. 


J.  J.  Heckart,  $1  88  per  cubic  yard. 


Proposals  for  labor. 


For  framing  and  coDStnictlng  cribs 

For  framing  and  constructing  deflector,  per  1,000  feet,  (b.  m.) 


08 
Q 

< 

»-3 


1885  21 
10  00 


9tb  and  lOtb. — Contract  for  timber  for  cribs. 
J.  A.  Davis,  prices  as  per  scbedule. 

Contract  for  building  cribs. 
J.  A.  Davis,  price  as  per  scbedule. 

Contract  for  iron  worlc. 

Sykes,  Kelly  &  Co.,  prices  as  per  scbedule. 

Contract  for  timber  for  deflector. 
J.  A.  Davis,  prices  as  per  scbedule. 

Contra^st  for  framing  deflector. 
J.  A.  Davis,  prices  as  per  scbedule. 

Contract  for  rubble  stone. 

J.  J.  Heckart,  price  as  per  scbedule. 

lltb. — Amount  received  and  expended  fortbe  year  ending 

June  30, 1868 $22, 899  05 

Amount  available  July  1, 1868 13, 500  95 
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Amount  to  be  expended  during  the  year  ending  June  30, 

1869 $13, 500  95 

Amount  required  for  the  year  ending  June  30,  1870 50, 000  00 

It  is  prope^  for  me  to  state  that  the  above-named  improvements  of 
the  Patiipsco  and  Susquehanna  rivers  were  under  the  charge  of  Brevet 
Lieutenant  Colonel  W.  G.  Craighill,  major  corps  of  engineers,  until 
September  24,  18G7,  when  by  the  operation  of  Orders  No.  84,  headquar- 
ters corps  of  engineers,  September  11,  1857,  he  was  relieved  by  Brevet 
Major  General  J.  G.  Parke,  major  corps  of  engineers,  who  remained  in 
charge  till  June  1,  1868,  when  agreeably  to  Special  Orders  No.  66,  head- 
(|uarters  corps  of  engineers.  May  25,  1868,  I  took  charge. 
1  am,  general,  very  respectftiUy,  your  obedient  servant, 

J.  H.  Simpson, 

Colonel  of  Engineers  and  Brevet  Brigadier  General 

U.  S.  Army. 

Brevet  Major  General  A.  A.  Humphreys, 

Commanding  Corps  of  Engineers^  WashingtoUj  D.  C. 


APPENDIX  N. 

Progress  made  in  tlve  completion  and  repairs  of  the  Delaware  breakwater^ 

Delmcarey  during  the  year  ending  June  30,  1868. 

From  the  1st  of  eluly,  1867,  to  the  2d  of  November,  work  was  carried 
on  under  the  contracts  for  furnishing  material  and  labor  w  hich  were  in 
force  the  preceding  season. 

Owing  to  faulty  and  insuflficient  machinery,  and  want  of  proi>er  man- 
agement on  the  part  of  the  contractor  for  labor  in  receiving  and  putting 
stones  in  position,  but  little  progress  was  made;  vessels  accumulated; 
there  was  great  and  aggravating  detention  in  awaiting  their  turn  for 
discharge ;  the  contractors  for  stone  could,  with  great  difficulty,  procure 
vessels  to  take  it,  and  were  unable  to  send  more  than  three-fifths  of  the 
quantity  which  otherwise  should  have  been  received.  It  became  neces- 
sary to  extend  their  time  of  fulfillment  of  contract  to  the  present  season. 

The  experience  of  the  past  year  having  clearly  demonstrated  the  im- 
practicability of  receiving  and  putting  the  stx>ne  at  this  work  in  posi- 
tion by  contract  without  great  delay  and  pecuniary  loss  to  the  United 
St<ates,  at  the  commencement  of  the  present  season  machinerj^  was  pro- 
cured and  arrangements  for  the  necessary  labor  were  made.  On  account 
of  the  loss  incurred  by  vessels  last  year,  it  was  difficult  to  procure  any 
for  operations  this  year,  and  no  stone  was  consequently  received  until 
the  8th  of  June  and  but  little  until  the  close  of  the  fiscal  year.  As  was 
anticipated,  the  attempt  to  carry  on  such  a  work  by  separate  contracts 
for  each  class  of  labor  or  material  only  resulted  in  general  delay,  loss, 
and  unmitigated  confusion. 

During  this  year  the  gap  in  the  breakwater  proper,  some  210  feet  in 
length,  was  closed,  and  228  running  feet  of  old  work  replaced  and  raised 
to  the  proper  height.  About  2,216  running  feet  of  the  superstructure 
have  now  been  put  in  shape,  and  some  350  feet  in  length,  at  the  last  end, 
are  yet  to  be  raised  about  seven  feet  in  order  to  complete  the  work  on 
its  present  base,  which  will  require  some  7,000  tons  of  stone. 

Commencing  at  the  portion  of  the  ice-breaker  near  mid-length,  which 
has  been  comi)leted,  and  Nsoikiw^  to  the  east,  about  87  running  feet  of 
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the  superstructure  have  also  been  brought  to  the  full  height.  Between 
the  west  end,  which  iscompleted,  and  the  middle  is  a  gap  of  about  475  feet 
in  length  to  be  raised  about  three  feet,  and  from  where  work  is  now  carried 
on,  going  east  for  326  feet,  the  work  is  about  live  feet  below  the  proper 
level,  and  then  for  195  feet  about  one  foot  six  inches  too  low.  About 
365  feet  in  length  may  be  regarded  as  finished,  and  about  996  feet  still 
to  be  brought  to  proper  level.  It  is  estimated  this  will  require  some 
8,500  tons  of  stone  to  be  furnished  in  addition  to  what  old  stone  may  be 
relaid. 

To  protect  the  ends,  by  in  part  filling  holes  which  have  formed,  may 
require  some  16,000  tons  of  small  stones. 

During  the  year,  8,100  tons  of  stone  have  been  received  from  vessels 
and  put  in  position  on  the  works,  and  1,129  tons  of  old  stone  removed 
and  relaid. 

Expenditures  for  the  year  ending  June  30,  1868. 

Stone  paid  for,  7,671  tons,  at  $4  73 $36, 283  83 

Labor  paid  for  on  8,275  tons  in  plaee,  at  $1  22 10,  095  50 

Machinery,  cranes,  engines,  blocks,  spars,  ropes,  &c 7,  213  54 

Services  of  mechanics  and  laborers 400  21 

Contingencies,  inspectors,  office,  stationery,  &c 4,  696  92 

Total  for  year  ending  June  30, 1868 58,  690  00 

Expended  during  year  ending  June  30,  1867 4, 253  35 

Total  expended  under  late  appropriations  to  June  30, 1868.       62,  943  36 

In  hands  of  agent  July  1,  1868 9,  856  65 

In  treasury  July  1, 1868 144,  603  70 

Balance  of  appropriation  July  1,  1868 154,  460  35 

Amount  due  contractors  for  stone  delivered  but  retained 

on  i)art  payment  to  July  1,  1868 4, 458  00 

Total  available  for  year  ending  June  30,  1869 150,  002  35 


It  is  believed  tbis  sum  will  complete  the  works  on  their  present  basis. 
Amount  that  can  probably  be  profitably  expended  during  the  year  end- 
ing June  30,  1869,  $70,000. 

The  breakwater  is  located  in  the  collection  district  of  Delaware.  The 
nearest  port  of  entry  is  Wilmington.  There  is  a  light-house  upon  the 
breakwater,  and  others  on  Cape  Henlopen.  Fort  Delaware  is  the  nearest 
fort.  The  amount  of  revenue  collected  at  Wilmington  during  the  fiscal 
year  ending  June  30, 1868,  is  reported  as  being  $49,797  51. 

The  following  table,  comi)iled  from  the  very  imi)erfect  records  kept 
from  time  to  time  by  different  persons,  gives  some  i<lea  of  the  benefit  to 
general  commerce  and  na\igation  derived  from  this  work  in  its  incom- 
plete comi)letion,  since  raised  sufficiently  above  the  surface  of  the  water 
to  afford  any  shelter  to  vessels  seeking  a  refuge  from  storms  and  the 
sea: 
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Classes  and  numbers  of  vessels  sheltered  by  the  breakwater. 


Yeurs. 

• 
00 

.5* 

• 
00 

• 
CB 

n 

• 
00 

a 

s 

Sloops. 

Pilot  boats. 

• 

2 

9 

B 

08 
® 

• 

3 

Remarks. 

1833.. 

1834 . . 
1835.. 
1836.. 
1837.. 

18:«.. 
1839.. 
1840.. 

1841.. 
1842.. 
1843.. 
1844.. 
1845.. 
1846.. 
1847.. 
1848.. 
1849.. 
1854.. 

1855.. 
1856.. 
1857.. 

1858.. 

1862.. 
1863.. 

1864.. 
1865.. 
1866.. 
1867.. 
1868.. 

22 

48 
133 
301 
227 
165 
165 
172 

111 

107 
103 
231 
265 
258 

:w2 

340 

329 

35 

65 

116 

79 

6 

55 
231 
231 
274 

28 
113 

37 

247 

240 

425 

3:^1 

34 

239 
345 
308 
378 
227 
290 
294 

178 

315 
569 
1,027 
478 
732 
504 
279 

902 
1,060 

841 

969 
1,042 
1,625 
1,937 
1,457 

804 
1 ,  085 

855 

1,062 

981 

78 

879 

1,040 

1,155 

1,179 

694 

625 

528 

372 

667 
1,719 
2,719 
2,777 
3,191 
3, 561 
1,909 

3,916 
5,335 
4,981 
5,797 
5,446 
6,711 
7, 742 
6,037 
3,261 
5,098 

6,808 
6,125 
5,348 
1,030 

8, 087 
7,092 
7,781 
6,056 
6,747 
8,000 
4,227 

167 

303 
461 
620 
629 
765 
734 
30H 

590 
802 
1,167 
854 
597 
614 
358 
374 
168 
90 

128 
256 
218 
174 

253 
251 
189 
209 
299 
307 
119 

127 

411 
644 
767 
732 

685 
697 
371 

483 

794 
792 
744 

776 
781 
874 
918 
553 

•  •  .  •  . . 
"114' 

243 

286 

220 

38 

246 
347 
299 
372 
316 
279 
229 

866 

1,744 
3,526 
5, 434 
4, 843 
5,538 
5,661 
3,039 

6,002 
8,098 
7,884 
8,595 
8,126 
9,989 
11,253 
9,126- 
5,115 
6,669 

8,339 
8,270 
7,177 
1,360 

9, 759 
9,306 
9,963 
8,468 
8,311 
9,814 
5,434 

From  September  1, 

iDclosive. 
July  1   to  Oct.  17 

DOt  recorded. 

To  June  3,  incla- 

sive. 
From  Maj  1. 

From   April  1,  in- 
clusive. 

To  Marcb  3l,  in- 
clusive. 

From  February  1, 
iuclusive. 

To  June  30,  indu- 
sive. 

4,598 

3,358 

25,080 

138,540 

12, 004 

11,149  2,989 

197,709 

From  these  figures,  if  correct,  it  appears  that  during  the  29  years 
stated,  for  each  recorded  day  an  average  number  of  21  vessels  have 
been  at  anchor  behind  the  breakwater. 

An  abstract  of  proposals  for  labor  for  putting  stone  in  position  at  this 
work  during  the  present  year  is  transmitted  herewith. 

No  contracts  have  been  entered  into  since  the  last  annual  report. 

It  is  supposed  that  for  purposes  of  repair,  at  an  interval  of  about  15 
years,  an  appropriation  of  $22,500  may  be  required  for  the  work. 

Respectfully  submitted. 

C.  SEAFORTH  STEWART, 

Lieut.  Colonel  of  Engineers. 


i 
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Abstract  of  proposals  for  labor  for  Delaicare  breakwater. 


No. 


I 
2 
3 
4 
5 
6 


Name  of  bidder. 


Samuel  Strongs -, 

A.  M.  Mfiynard  and  J.  R.  Duter -f 

Charles  Joseph  Kennedy 

Milo  W.  LocKe 

J  in:e«  E.  Neall 

Hiram  Bitting,  (not  in  duplicate) 


Rate  per  ton 
of  2,240  lbs. 


|1  98 
1  75 
1  75 

1  40 
*1  56, 1  55 

2  24 


*  James  E  NealKs  proposals;   one  copy  had  the  rate  at  $1  56  and  the  other  copy  $1  55. 

C.  SEAFORTH  STEWART. 

Lieut,  Colonel  of  Engineers. 
Philadelphia,  Pa.,  August  14, 1868. 


N  1. 

Report  of  progress  made  in  improving  harbor  at  Marcus  Hook,  Pennsylr 

vania^  during  the  year  ending  June  30,  1868. 

Contracts  for  iron,  timber,  and  labor,  for  repairs  of  old  piers,  wharves, 
and  landings  at  Marcus  Hook,  having  been  entered  into  on  the  29th  of 
June,  1867,  with  William  H.  Eotan,  and  approved,  work  under  them  was 
begun  early  in  July  following.  It  was  found  necessary  to  remove  all 
the  old  wood-work  and  rebuild.  The  obstructions  caused  by  the  ruins 
of  old  pier-heads  off  the  southern  wharf  were  in  part  taken  up,  piles 
driven,  cut  off'  and  capped  at  low  water,  and  a  platform  built,  on  which 
a  new  pier,  about  31  by  41  feet,  was  constructed.  The  corresponding 
inner  wharf  was  torn  down  and  replaced,  and  a  bridge  of  some  54  feet 
span  built  to  connect  it  with  the  pier,  making  for  the  southern  United 
States  pier  about  2,865  feet  vertical  face  of  pier  work,  with  all  the 
necessary  ties,  drag-logs,  fenders,  moving  posts,  corner  plating,  &c. 
The  outer  portion  of  the  northern  pier  was  cut  down  to  low  water,  piles 
driven,  cut  off,  capi)ed,  and  platform  built  for  foundation  for  the  greater 
part  of  this  pier,  and  the  whole  pier  and  inner  wharf  removed  and  recon- 
structed, and  a  bridge  of  about  31  feet  span  built  between  pier  head  and 
wharf.  In  the  upper  United  States  pier  about  3,041  feet  vertical  face 
of  pier  work  were  constructed,  with  ties,  drag-logs,  &c.,  complete. 
These  repairs  have  required  in  all  17,091  feet  face  of  pine  and  hemlock 
wharf  timber,  7,848  lineal  feet  of  hemlock  round  timber.  9,485  feet, 
board  measure,  of  oak  fenders,  48,959  feet,  board  measure,  of  pine  bridge 
timbers,  caps,  &c.,  and  24,917  pounds  of  iron  work.  The  i)iers  and 
wharves  have  all  been  filled  in,  and  are  in  excellent  order.  The  repairs 
undertaken  have  all  been  made  in  a  very  satisfactory  manner,  though 
requiring  a  much  longer  time  than  was  anticipated. 

Expenditures  on  repairs  under  contracts  with  William  H,  Botan, 

7,417  feet  7  inches  face  hemlock  wharf  timber, 

at  14  cts , $1, 038  46^ 

7,848  feet  lineal,  hemlock  round  timber,  at  7  cts        549  36 
9,613  feet  8  inches  face  white  pine,  wharf  and  -     * 

cap  logs,  at  30  cte 2,  Wi  0^ 
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48,959  feet  4  inches,  board  measure,  white  pine 

bridge  timber  and  moving  posts,  at  4  cts.  $1, 958  37 
9,485  feet  board  measure,  oak  fenders,  at  5J  cts.         521  67 

$6, 969  % 

13,636  pounds  wrought-iron  wharf  bolts,  at  7  cts.  954  52 
3,107  pounds  wrought-iron  screw  bolts,  at  14  cts.  434  98 
8,174  pounds  wrought-iron  corner    plates,  &c., 

at  10  cts 817  40 

2,206  90 

Labor  on  timber,  &c. 4, 027  09 

Contingent  expenses 663  72 

Expenditures  on  repairs  during  year  ending  June  30, 1868 ...  13, 867  61 
Expended  advertising,  &c.,  during  year  encUng  June  30, 1867 .         334  27 

Total  cost  of  repairs  to  June  30, 1868 14, 201  88 


For  the  additional  piers  proposed  for  the  improvement  of  the  harbor 
separate  contracts  were  entered  into,  on  the  13th  of  July,  for  the  timber 
and  the  labor  on  the  crib-work,  with  A.  P.  Eyre.  On  the  15th  of  July 
another  contract  was  made  with  I.  E.  Grant,  for  the  iron- work  required; 
on  the  18th  of  the  same  month  one  with  John  C.  Leiper,  for  all  the  stone 
necessary;  and  one  on  the  20th  of  August,  1867,  with  Robert  Crane  and 
John  Keaveny,  for  the  labor  in  laying  the  stone  superstructure  of  the 
piers.  These  contracts  having  been  approved,  work  on  the  cribs  wa8 
begun  early  in  July,  1867. 

All  the  suitable  timber,  it  seems,  had  been  bought  up  by  interested 
persons,  apparently  to  cause  the  contractor  to  give  up  his  contract  or 
pay  them  a  heavy  price  for  the  timber.  The  dryness  of  the  latter  part 
of  the  summer  prevented  the  usual  supply  from  reaching  the  market, 
so  that  from  these  causes  and  bad  management  but  little  work  was  done 
during  the  season,  and  winter  closed  in  before  the  first  crib  was  ready. 
It  grounded^  and  has  not  yet  been  put  in  place.  The  time  of  the  con- 
tractor having  been  extended,  he  resumed  operations  this  spring  with 
considerable  vigor,  and  has  built,  sunk  in  position,  and  nearly  filled  two 
cribs,  and  nearly  completed  the  fourth  for  sinking.  Those  in  place  are 
settling  slowly.  The  other  contractors,  owing  to  the  delay  in  prelimi- 
nary operations,  have  been  awaiting  progress.  Some  70,173  feet  face  of 
hemlock  wharf  timber  and  39,314  pounds  wharf  bolts  have  been  pro- 
cured for  the  cribs,  and  612  perches  of  stone  filling.  Considerable  stone 
for  the  superstructure  has  been  quarried. 

Expenditures  on  cribs  under  contract  with  A,  P.  Eyre^  L  E.  Grant,  and 

John  C.  Leiper, 

56,138  feet  face  hemlock  wharf  timber,  at  13 J  cts $7, 438  28 

28,058  feet  face  of  labor  on  cribs,  at  5  cts 1, 402  90 

31,448  pounds  wrought-iron  wharf  bolts,  at  6 J  cts 2, 044  12 

488  perches,  of  25  feet,  of  stone  filling,  at  $1  40 683  20 

Contingencies 1, 010  39 

Expended  during  fiscal  year  ending  June  30,  1868 12, 578  89 

Contingencies  during  fiscal  year  ending  June  30,  1867 503*71 

Total  expenditure  on  new  piers  to  June  30, 1868 13,082  60 
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In  hands  of  agent  July  1,  1867 $4, 212  02 

Received  from  treasury  during  fiscal  year  ending  June  30, 

1868 25, 000  00 

In  hands  of  agent  during  fiscal  year  ending  June  30, 1868.     29, 212  02 
Expended  during  fiscal  year  ending  June  30, 1868, 

in  repairs $13, 867  61 

Expended  during  fiscal  year  ending  June  30, 1868, 

on  new  piers 12, 578  89 

Total  expenditures  for  fiscal  year  ending  June  30,  1868 . .  26, 446  50 

To  be  accounted  for 2,  765  52 

Deposited  in  February  by  agent,  during  year  ending  June  30, 

1868 2, 000  00 

In  hands  of  agent  June  30, 1868 765  52 

In  treasury  June  30,  1868 70, 950  00 

Amount  available  for  year  ending  June  30,  1869 71,  715  52 

Total  expenditures  under  appropriations,  &c.,  to  June  30, 1868,  27, 284  48 

Total  amount  appropriated  to  June  30, 1868 99,000  00 

Probable  amount  required  for  the  entire  and  permanent  com- 
pletion of  the  work  begun 71,  715  52 

Amount  that  can  probably  be  profitably  expended  during 

the  fiscal  year  ending  June  30, 1869 71, 715  52 

It  is  believed  this  amount  will  complete  the  works  on  the  i)lan  adopt- 
ed, and  nothing  is  asked  for  the  year  ending  June  30,  1870. 

Marcus  Hook  is  in  the  collection  district  of  Philadelphia.  The  near- 
est port  of  entry,  light-house,  and  fort,  are  respectively  Wilmington, 
Delaware,  Christiana  light,  and  Fort  Mifflin.  The  amount  of  revenue 
collected  at  Wilmington  during  the  past  fiscal  year  is  $49,797  51.  This 
harbor,  when  completed,  will  be  a  convenient  one  for  refuge  from  run- 
ning ice  during  the  winter  season,  and  may  lead  to  the  establishment  of 
a  coal  depot  at  this  point,  or  otherwise  increase  local  commerce. 

Abstracts  of  proposals,  with  names  of  bidders,  of  contracts  with  names 
of  contractors,  and  of  contracts  for  each  class  of  materials  or  labor,  for 
this  work^  have  already  been  forwarded  with  my  letter  of  September  11, 
1867,  to  the  Chief  of  Engineers  United  States  army.  It  is  probable 
that  at  intervals  of  about  ten  years  the  sum  of  $7,000  may  be  required 
for  repairs  and  preservation  of  this  harbor. 

Ke«pectfully  submitted. 

C.  SEAFORTH  STEWART, 
Lieutenant  Colonel  of  Engineers. 
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N  2. 

Report  of  progress  made  in  improving  harbor  at  Chester^  Pennsylvanxa^ 

during  the  year  ending  June  30,  1868. 

In  accordance  with  the  act  of  Congress  making  the  appropriation  for 
this  harbor,  three  separate  contracts  for  furnishing  the  requisite  timber, 
iron,  and  labor,  respectively,  for  the  repairs  of  the  United  States  piers, 
bridges,  and  wharves  at  Chester,  were  entered  into  on  the  25th  and  26th 
of  July,  1867,  before  approval  of  these  contracts  by  proper  authority, 
and  notification  thereof  to  the  contractors.  Wof  k  wa«  begun  early  in 
August,  and  carried  on  satisfactorily  to  entire  completion. 

On  the  I2th  of  October,  of  the  same  year,  proposals  were  invited,  by 
advertisement,  for  the  stone  for  repairs  and  completion  of  the  walls  of 
the  causeways  leading  to  the  piers,  for  labor  in  laying  this  stone,  and  for 
the  materials  requisite  for  filling  in  the  roadways.  Separate  contracts 
for  each  of  these  items,  in  compliance  with  the  law,  were  made  on  the 
25th  and  28th  of  October,  1867.  They  were  duly  approved,  and  work 
begun  under  them. 

The  contractor  for  stone,  upon  whose  movements  those  of  the  other 
two  were  wholly  dependent,  failed  to  furnish  it  as  rapidly  as  was  neces- 
sary; winter  closed  in  suddenly,  before  all  had  been  sent.  The  others 
were  then  forced,  through  his  neglect,  to  modify  their  plan,  to  break  up 
the  organization  of  their  forces,  were  put  to  increased  expense,  and  were 
rendered  unable  to  fulfill  their  contracts  as  they  could  and  would  have 
done  to  the  letter,  had  it  not  been  for  his  delay.  In  justice  to  them  it 
became  necessary  to  grant  an  extension  of  time,  so  that  the  work,  instead 
of  being  promptly  finished,  as  it  should  have  been  by  the  1st  of  January, 
1868,  was  not  until  the  18th  of  June,  or  nearly  six  months  later,  owing 
to  the  unfortunate  provisions  of  the  law,  thereby  adding  greatly  to  the 
contingent  expenses  incurred  by  the  United  States. 

In  making  the  repairs,  about  5,400  feet  face  meaKurement  of  the 
wharves  and  piers  have  been  replaced  with  the  necessary  ties,  backing, 
fenders,  moving  posts,  and  comer  plating.  The  upper  bridges  have  l>een 
repaired,  and  at  the  lower  pier  a  new  bridge  built,  some  52  feet  span  Id 
the  clear,  with  a  roadway  about  17  feet  in  width,  calculated  for  heavy 
teams.  The  walls  or  causeway  to  lower  pier  bordering  Chester  creek 
have  been  in  great  measure  rebuilt,  wholly  repaired,  and  raised  through- 
out its  length  of  upwards  of  612  feet  at  least  one  foot  in  height,  so  that 
they  are  now  entirely  above  high  water  except  in  extraordinary  high 
tide.  The  space  between  the  walls  has  been  filled  in  throughout  with 
good  road  materials,  and  the  piers  and  wharves  properly  filled  in.  The 
wall  of  upper  causeway  has  also  been  repaired,  and  the  roadway  likewise 
put  in  good  order.  All  the  repairs  contemplated  have  been  completed. 
Besides  the  materials  on  hand,  there  have  been  procured  for  the«e  repairs 
about  3,000  feet  face  of  white  pine  wharf  timber,  nearly  51,000  feet, 
board  measure,  of  white  pine  and  oak  timber,  some  472  i)erches  of  stone, 
1,617  cubic  yards  of  filling,  and  10,690  pounds  of  iron  wall.  About  856 
perches  of  stone  wall  were  laid  in  the  causeway  walls.  The  improve- 
ments contemplated  having  been  made,  the  small  balance  on  hand  will 
probably  suffice  for  repairs  for  the  ensuing  fiscal  year. 

Chester  is  in  the  collection  district  of  Philadelphia.  That  city  is  the 
nearest  port  of  entry.  Fort  Mifflin  is  the  nearest  fort,  and  Fort  Mifflin 
light  the  nearest  lighthouse.  The  amount  received  during  the  fiscal  year 
ending  June  30, 1868,  from  duties  and  imports  at  Philadelphia,  is  reported 
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as  being  $8,406,906  71.  Being  on  the  great  river  thoroughfare  to  Phila- 
delx>hia,  Chester  is,  during  the  winter  season,  a  convenient  place  of  refuge 
from  running  ice,  and  its  harbor  is  then  much  used  by  other  vessels  than 
those  directly  bound  to  it. 

Abstracts  of  proposals  with  names  of  bidders,  of  contracts  with  names 
of  contractors,  and  of  contracts  for  each  class  of  materials  or  labor  for 
repairs  of  causeway,  &c.,  are  forwarded  herewith.  Those  relating  to 
repairs  of  piers,  wharves,  &c.,  at  Chester,  have  already  been  forwarded 
to  headquarters  corps  of  engineers  with  my  letter  of  September  11, 1867, 
and  been  published  in  the  report  for  the  year  1867. 

Statement  of  cash  received  and  expended. 

In  treasury  and  available  July  1,  1867 $11, 000  00 

Liabilities  incurred  before  July  1, 1867 $296  58 

Expended  for  timber  duringyear  ending  June 

30,  1868 2, 737  72 

Expended  for  iron  work  during  year  ending 

June  30, 1868 884  86 

Expended  for  labor  and  repairs  to  piers  during 

year  ending  June  30,  1868 971  58 

Expended  for  stone  for  walls  of  causeway 

during  year  ending  June  30, 1868 1,  743  66 

Expended  for  labor  on  walls  of  causeway 

during  year  ending  June  30, 1868 1, 498  49 

Expended  for  filling  roadway  during  year  end- 
ing June  30,  1868 946  22 

Expended  for  advertising  repairs  during  year 

ending  June  30,  1868 204  99 

Expended  for  contingent  services,  &c.,  during 

year  ending  June  30, 1868 1, 363  04 

Expended  from  appropriation  to  June  30, 1868.       10,647  14      10,647  14 
Received  from  treasury  during  year  ending 
June  30,  1868 10, 500  00 

Due  from  United  States  June  30, 1868 147  14 

In  treasury  June  30, 1868 500  00 

Available  for  year  ending  June  30,  1869 352  86 

Probable  expenditures  to  June  30, 1869 352  86 

On  hand  July  1, 1865 000  00 

Nothing  required  for  year  ending  June  30,  1869.    In  the  course  of  10 
years  probably  $7,000  may  be  required  for  renewal  of  upper  portions  of 
piers,  wharves,  bridges,  and  general  repairs. 
Re8i>ectfully  submitted. 

C.  SEAFORTH  STEWAET, 
Lieutenant  Colonel  of  Engineers, 
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Abstract  of  proposals  for  repairs  of  causeway  at  Chester^  Pennsylvania. 


Name  of  bidder. 

Stone. 

Filling. 

Labor. 

No. 

Foundation, 
per  perch. 

Coping,  per 
cubic  foot. 

Quarry  dirt, 
per  cubic 
yard. 

Earth,   per 
cubic  yard. 

Mud,  per  cu- 
bic yard. 

Gravel,   per 
cubic  yard. 

• 

•s 

% 

« 

&4 

1 

2 

P.  McAdams 

Jas.  E.  Neall 

Alex.  Givin 

|3  50 
2  49 

|0  50 
49 

|1  00 

|0  50 

|0  50 

to  75 

14  00 

3 

96 
1  15 

9B 
1  00 

98 

85 

98 
1  25 

•2  98 

4 

A.  0.  &  J.  0.  Dea 
honcr.  ir 

3  75 

75 

5 

McLaughlin  &  Crel- 

lis....... 

Hiram  Bittinsr ...... 

300 

6 

175 

'Per  cubic  yard. 


Philadelphia,  Pennsylvania, 

July  22,  1868. 


C.  SEAFORTH  STEWART, 

Lieutenant  Colonel  of  Enginun, 


Abstract  of  contracts  for  repairs  of  causeway  at  Chester y  Pennsylvania. 


Name  of  contractor. 


Patrick  McAdams. 
James  E.  Neall... 
Hiram  Bitting 


For  what 
purpose. 


I 


Filling. 

Stone. 

Labor. 


Philadelphia,  Pennsylvania, 

July  22,  1868. 


C.  SEAFORTH  STEWART, 
Lieutenant  Colonel  of  Engineers. 


Abstract  of  contrax^ts  for  each  class  ofmaterial,,  and  of  labor  for  rq^irs  of 

causeway  at  Chester j  Pennsylvania. 


Stone. 

Filling. 

Labor. 

Contractor. 

Founda- 
tion, per 
perch. 

Coping, 

per  cubic 

yard. 

Earth,  per 
cubic  yard. 

• 

Gravel,  per 
cubic  yard. 

• 

P«r  perch. 

James  E.  Neall 

|2  49 

|0  49 

Patrick  McAdams 

$0  50 

$0  75 

Hiram  Bitting 

|1  75 

Philadelphia,  Pennsylvania, 


C.  SEAFORTH  STEWART, 
Lieutenant  Colonil  of  Engineers. 
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N  3. 

Report  of  progress  made  in  survey  of  Reedy  island^  Delaware  river  ^  during 

the  year  ending  June  30, 18G8. 

This  survey,  in  progi^ess  by  a  party  under  charge  of  Assistant  E.  M. 
Bache,  United  States  Coast  Survey,  at  the  close  of  the  year  ending 
June  30,  1807,  was  continued  until  the  10th  of  July  of  the  same  year, 
when  the  field- work  was  completed.  The  maps  having  been  drawn  during 
the  winter  season,  a  tracing  thereof,  with  a  detailed  report,  in  accord- 
ance with  the  requirements  of  sections  two  and  four  of  an  act  making 
appropriations  for  the  repairs,  preservation,  and  completion  of  certain 
public  w^orks,  &c.,  approved  March  2,  1807,  was  forwarded  to  head- 
quarters corps  of  engineers,  Washington,  D.  C.,  with  my  letter  of  March 
2o,  1808,  to  which  report  reference  is  respectfully  made. 

Respectfully  submitted. 

C.  SEAFORTH  STEWART, 
Lieutenant  Colonel  of  Engineers, 


N  4. 

Report  of  the  progress  made  at  lAston^s  Tree  Pointy  Delatcare^  during  the 

year  ending  June  30, 1808. 

This  survey  was  commenced  by  a  part>'^  under  charge  of  Assistant  R. 
M.  Bache,  United  States  Coast  Surv^ey,  on  the  11th  of  July,  1807,  and 
the  field-work  completed  on  the  24th  of  September,  1807.  The  survey 
began  at  a  point  some  500  yards  below  Liston's  Tree  Point,  and  ended 
about  two  miles  above  it.  The  map  of  the  survey  having  been  finished 
during  the  winter  season,  a  tracing  of  it,  and  a  report  in  detail,  giving 
the  data  required  by  the  act  of  Congress  approved  March  2,  1807, 
under  which  the  survey  was  made,  were  transmitted  by  me  under 
date  of  March  31,  1808,  to  headquarters  corps  of  engineers,  Washing- 
ton, D.  C,  to  which  report  reference  is  now"  respectfully  made. 

Respectfully  submitted. 

C.  SEAFORTH  STEWART, 
Lieutenant  Colonel  of  Engineers. 


N  5. 

« 

Survey  of  Reedy  island^  Delaware  river, 

.This  survey  was  begun  on  the  1st  of  May,  1807,  by  a  party  in  charge 
of  Assistant  R.  M.  Bache,  United  States  Coast  Survey.  Owing  to  the 
unusual  amount  of  rainy,  stormy  weather  for  the  season,  progress  in  the 
field-woi^  wa«  much  interfered  with,  and  it  was  not  completed  until  the 
10th  of  July. 

An  area,  about  thi;pe  miles  in  length  by  one  in  breadth,  including 
the  Delaware  shore  in  the  vicinity  of  Fort  Penn,  the  whole  of  Reedy 
island,  and  the  belt  of  the  river  ac^jacent  thereto  for  a  half  mile  in  width, 
is  embraced  within  the  limits  of  tlie  survey. 

The  details  of  the  shore,  the  horizontal  curves  of  the  bed  of  the 
river  t^ken  at  vertical  distances  of  six  feet,  commencing  with  the  low- 
wat<*r  line,  the  position  of  the  piers  of  the  harbor  constructed  in  1853, 
and  the  proposed  changes,  are  shown  upon  the  tracing  tranamittjfcQL 
herewith. 
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From  a  special  examination  of  the  existing  pile  piers,  made  ^November 
8,  18G7,  it  was  ascertained  the  material  of  which  they  were  boiltwasin 
general  in  a  state  of  good  preservation  from  low- water  mark  to  a  point 
some  two  feet  or  more  above  that  level.  The  upper  i)ortions,  in  places, 
were  damaged  and  decayed.  To  make  the  piers  of  use,  it  will  be  neces- 
sary to  cut  them  down  to  low.-wa^er  level  and  build  up  from  that  point 
with  usual  pier- work. 

The  most  exposed  corners  of  the  two  outer  piers  of  the  lower  line 
have  been  driven  in  or  carried  away.  The  two  piers  of  the  upper  line, 
never  having  been  completed  and  braced  as  was  intended,  have  been 
more  severely  damaged  by  the  ice  than  the  other  piers;  a  number  of 
piles  in  each  have  been  broken  off  and  thrown  out  of  position.  By 
replacing  the  piles  and  rebiulding,  as  above  stated,  all  can  be  put  in 
good  shape. 

As  shown  by  the  surv^ey,  the  inner  portion  of  the  harbor  has  been 
filled  in  with  mud,  probably  in  some  places  to  a  depth  of  10  feet ;  the 
out€r  portion  has  been  deepened  some  six  feet  and  upwards.  Accord- 
ing to  report,  extensive  changes  in  the  bed  of  the  river  above  Reedy 
island  and  in  its  vicinity  are  going  on,  which  may  or  may  not  prove 
detrimental  to  the  harbor.    Time  alone  can  show  what  may  residt. 

The  nearness  of  the  main  channel,  the  depth  of  water  that  can  be 
obtained,  the  ease  of  ingress  and  egress  at  sdl  times,  to  vessels  of  any 
size  going  ui)  or  down  stream,  and  the  use  that  can  be  made  of  the 
piers  already  in  position,  lead  me  to  propose  an  extension  of  the  harbor, 
as  indicated  by  full  red  lines  upon  the  tracing. 

The  two  new  piers  on  the  lower  line  to  be  placed  at  intervals  of 
80  feet,  the  exterior  salient  of  each  overlapping  the  interior  salient  of 
its  predecessor  by  20  feet.  Four  piers  to  be  added  to  the  upper  line^  at 
like  intervals ;  the  exterior  salient  of  each  being  20  feet  within  that  of 
its  predecessor.  The  axes  of  all  piers  in  the  thread  of  the  current.  The 
extreme  length,  at  low  water,  of  the  piers  to  be  80  feet,  the  bi'eadth  40 
feet,  the  general  construction  of  these  timber  piers  being  shown  upon 
the  tracing.  The  outlet  between  exterior  i)iers  will  be  about  343  yards, 
and  the  average  breadth  of  harbor,  to  the  six-foot  curve  of  bottom, 
about  150  yards.  To  give  better  protection  from  ice  during  easterly 
storms,  an  intermediate  pier  might  be  placed,  as  indicated  by  a  broken 
red  line ;  but  such  a  pier  would  at  times  interfere  with  the  free  ingress 
and  egress  of  vessels. 

The  following  are  the  estimates  of  the  cost  of  survey,  and  for  repairs 
and  extension  of  the  harbor. 

Cost  of  survey. 

Services  of  hands  employed  in  survey,  soundings,  &c $932  10 

Expended  for  signals,  buoys,  and  miscellaneous  articles 43  03 

Contingencies 159  05 

Total 1, 135  08 


Estimate  of  probable  cost  of  repairs  of  one  pier. 

Oak  piling,  1,000  lineal  feet,  at  30  cents $300  00 

White  pine  sawn,  board  measure,  14,940  feet,  at  3 J  cents 522  90 

White  pine  wharf  timber,  1,200  feet  face,  at  30  cents 360  00 

White  pine  tie  timber,  3,300  feet,  lineal,  at  20  cents 060  00 
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unlock  wharf  timber,  2,420  feet  face,  at  18  cents $435  60 

jmlock  tie  timber,  1,350  lineal  feet,  at  8  cents 108  00 

hite  oak  fenders,  board  measure,  2,550  feet,  at  5  cents 127  50 

Ivanized  plating,  screws,  bolts,  &c.,  3,665  lbs.,  at  13  cts. . .  476  46 

Jvanized  wharf  bolts,  9,750  lbs.,  at  10  cents 976  00 

>ne  filling,  200  perches,  at  $3 600  00 

id  filling,  450  yards,  cubic,  at  50  cents 226  00 

bor  on  14,940  feet,  boatd  measure,  sawn  timber,  at  IJ  cents,  224  10 

bor  on  3,620  feet  face,  wharf  timber,  at  7  cents 263  40 

bor  on  4,650  lineal  feet,  tie  timber,  at  7  cents 326  50 

bor  on  12  large  fenders,  at  $3 36  00 

bor  on  16  common  fenders,  at  $1  50 24  00 

bor  driving  20  piles,  at  $5 100  00 

ntingencies 1, 246  55 

Total  for  repairs  of  one  pier 7, 000  00 

For  seven  piers — total 49, 000  00 


ttimate  of  probable  cost  of  a  new  pier,  to  be  SO  feet  long  by  40  feet  wide 
at  low-water  line,  its  top  \2  feet  above  that  level,  with  a  batter  of  ofie 
inch  to  the  foot    Total  height  of  pier  from  hard  bottom  about  60  feet 

ONE  PIER. 

3mlock  wharf  timber,  39,300  feet  face,  at  18  cents $7, 074  00 

smlock  tie  timber,  2,500  lineal  feet,  at  8  cents 200  00 

hite  pine  cap  logs,  460  feet  face,  at  30  cents 138  00 

hite  pine  wharf  timber,  1,680  feet  face,  at  30  cents 504  00 

hite  pine  tie  timber,  2,800  lineal  feet^  at  20  cents 660  00 

hite  oak  fenders,  2,800  feet,  board  measure,  at  5  cents . . .  140  00 

dvanized  wharf  bolts,  29,500  lbs.,  at  10  cents 2, 950  00 

ilvanized  screw  bolts,  785  lbs.,  at  13  cents 102  05 

dvanized  plating,  2,665  lbs.,  at  13  cents 346  65 

ibble  stone,  1,350  perches,  at  $3 4, 050  00 

irth  filling,  600  cubic  yards,  at  50  cents 300  00 

bor  on  wharf  work,  45,121  feet,  at  7  cents 3, 158  47 

bor  on  heavy  fenders,  18,  at  $3 64  00 

bor  on  common  fenders,  14,  at  $1  50 '. 21  00 

ntingencies 2, 401  83 

Total  probable  cost  of  one  pier 22, 000  00 

Six  piers  would,  therefore,  cost 132, 000  00 


RECAPITULATION. 

timated  cost  of  repah-s  to  seven  old  piers $49, 000  00 

timated  cost  of  six  new  piers 132, 000  00 

Total  amount  requked 181, 000  00 

obable  amount  that  can  be  profitably  expended  during 

:he  fiscal  year  ending  June  30,1869 90, 000  00 


45  w— Part  II 
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Eeedy  island  is  in  the  collection  district  of  Delaware.  Wilmington, 
Delaware,  is  the  nearest  port  of  entry.  Eeedy  island  light  is  on  the 
island.  The  amount  of  revenue  collected  at  Wilmington  during  the 
fiscal  year  ending  June  30, 1867,  is  stated  to  be  $41,733  96. 

Fort  Delaware  is  the  nearest  fort. 

The  amount  of  commerce  or  navigation  that  will  be  benefited  by  the 
completion  of  the  harbor  is  not  known.  Large  vessels  will  only  put  in 
when  compelled  to  by  ice  or  stress  of  weatheY*,  when  the  services  of  a 
tug  are  not  to  be  had.  No  reliable  data  for  forming  a  satisfactory 
opinion  upon  the  point  is  at  hand. 

Eespectfully  submitted. 

C.  SEAFORTH  STEWART, 
Lieutenant  Colonel  of  ^Engineers, 


N6. 

Report  of  survey  at  Liaton^s  Free  Pointy  Delatcarej  in  1867. 

This  survey  was  begun  by  a  party  under  the  charge  of  Assistant  R.  M. 
Bache,  United  States  Coast  Survey,  on  the  11th  of  July,  1867,  and  the 
field-work  completed  on  the  24th  of  the  following  September. 

The  tracing  from  a  map  of  the  result  of  the  survey,  sent  herewith, 
exhibits  the  Delaware  and  its  shore  from  500  yards  below  Listen's  Free 
Point  to  nearly  two  miles  above,  taking  in  a  breadth  of  about  half  a  mite 
to  the  24-feet  curve  of  the  bottom.  The  shore  about  the  point  is  flat  and 
marshy.  The  bottom  of  the  river  is  reported  to  be  of  soft  mud  and  of  a 
gentle  slope — the  6  feet  curve  below  low- water  line  being  at  the  nearest 
point  to  it,  some  120  yards  oflf;  the  12-feet  curve  at  160,  the  IS-feet  at 
260,  and  the  24-feet  curve  at  520  yards.  As  seen,  the  deepest  water 
approaches  the  shore  line  about  opposite  the  best  salient  portion  of  Lis- 
ton's  Free  Point,  and  as  you  move  from  this  salient  either  up  or  down 
stream  the  deep  water  recedes  rapidly  from  the  shore.  Opposite  this 
point  has  therefore  been  selected  as  the  location  for  a  harbor,  if  one  is  to 
be  constructed  in  this  vicinity. 

The  general  direction  of  the  channel  is  northwest  and  southeast^  and 
as  there  is  quite  a  long  reach  of  water  above  and  below,  the  sea  off  the 
point  is  reported  to  be  at  times  very  heavy.  The  shore  ha«  the  same 
general  direction  with  the  channel.  It  is  proposed  to  place  the  protecting 
masses  or  piers  of  crib-work  to  form  the  harbor  in  two  lines  at  tlie 
shore,  400  yards  apart  and  normal  to  it,  up  to  the  6-feet  curve  below  low 
water,  thence  gradually  approaching  each  other  untU  in  21  feet  water 
they  terminate,  leaving  an  interval  of  725  feet  between  their  extremities. 
Were  this  opening  greater,  as  the  distance  to  the  opposite  shore  is  2J 
miles,  during  easterly  blows  the  ice  massed  on  this  shore  would  be 
forced  in  large  quantities  directly  into  the  harbor.  The  space  thus  pro- 
tected is,  for  vessels  of  large  draught,  limited,  and  is  deemed  the  smallest 
harbor  that  would  be  of  any  service.  The  area  can  be  increased  by 
moving  the  upper  line  some  200  yards  up  stream,  and  placing  an 
intermediate  pier  on  the  line  joining  the  extremities  of  the  two  lines ;  also 
by  carrying  the  piers  out,  at  great  expense,  into  deeper  water,  and  by  a 
combination  of  the  two  methods.  From  the  nature  of  the  bottom, 
should  vessels  come  in  contact  therewith  at  low  water  no  damage  would 
probably  ensue.    As  indicated  on  the  tracing,  21  lai^e  piers  80  feet  long 
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by  40  feet  broad  at  low- water  line  will  be  required,  and  two  smaller  oues 
60  feet  by  30  feet  wide,  the  intervals  of  the  larger  being  75  feet. 

The  following,  so  far  as  known,  are  the  items  of  expenditure  for  the 
survey: 

Cost  of  survey. 

Services  of  hands  employed  in  soundings,  &c $1, 058  85 

Expended  for  signals,  &c.,  and  miscellaneous  articles 59  46 

Contingencies 158  70 

Total  known  cost .• 1, 277  01 


Estimate  of  cost  of  one  large  pier. 

39,300  feet  face  hemlock  wharf  timber,  at  18  cents $7,074  00 

2,500  lineal  feet  hemlock  tie  timber,  at  8  cents 200  00 

460  feet  face  white  pine  cap  logs,  at  30  cents 138  00 

1,680  feet  face  white  pine  wharf  timber,  at  30  cents 504  00 

2,800  lineal  feet  white  pine  tie  timber,  at  20  cents 560  00 

2,800  feet,  board  measure,  white  oak  fenders,  at  5  cents 140  00 

29,500  pounds  galvanized  wharf-bolts,  at  10  cents 2,950  00 

785  pounds  galvanized  screw-bolts,  at  13  cents 102  05 

2,665  pounds  galvanized  plating,  at  13  cents 346  65 

1,350  perches  rubble  stone,  at  $3 4,050  00 

600  cubic  yards  earth  filling,  at  50  cents 300  00 

Labor  on  wharf  work,  45,121  feet,  at  7  cents 3,158  47 

Labor  on  heavy  fenders,  18  feet,  at  $3 54  (K) 

Labor  on  common  fenders,  14  feet,  at  $1  50 21  00 

Contingencies 2,401  83 

Total  probable  cost  of  one  large  pier 22,000  00 

Twenty-one  large  piers  would  cost 462,000  00 


*  Estimate  of  cost  of  one  small  pier, 

11,836  feet  face  hemlock  wharf  timber,  at  18  cents $2,130  48 

1,920  lineal  feet  hemlock  tie  timber,  ^t  8  cents 153  60 

1,630  feet  face  white  pine  cap  logs  and  wharf  timber,  at  30  cents .  489  00 

2,000  lineal  feet  white  pine  tie  timber,  at  20  cents 400  00 

2,800  feet,  board  measure,  white  oak  fenders,  at  5  cents 140  00 

11,400  pounds  galvanized  wharf-bolts,  at  10  cents 1,140  00 

3,450  pounds  screw  bolts  and  plating,  at  13  cents 448  50 

512  perches  rubble  stone,  at  $3 1,536  00 

Labor  on  16,876  feet  wharf  work,  at  7  cents 1,181  32 

Labor  on  18  heavy  fenders,  at  $3 54  00 

Labor  on  14  common  fenders,  at  $1  50 21  00 

Contingencies i 1,306  10 

Total  probable  cost  small  pier 9,000  00 

Two  small  piers  would  therefore  cost 18,000  00 
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RECAPITULATION. 

T weuty-one  large  piers  at  $22,000 * $462,000  00 

Two  small  piers  at  $9,000 18,000  00 

Total  cost 480,000  00 

Probable  amount  that  could  be  expended  profitably  daring 

the  fiscal  year  ending  June  30, 1869 150,000  00 


Liston's  Tree  point  is  in  the  collection  district  of  Delaware.  The  near- 
est port  of  entry,  light,  and  fort  are  respectively  Wilmington,  Delaware, 
Bombay  Hook  light,  and  Fort  Delaware. 

During  the  fiscal  year  ending  June  30, 1867,  the  amount  of  revenue 
collected  at  Wilmington,  Delaware,  was  $41,733  96.  No  data  is  on  hand 
or  to  be  obtained  for  estimating  the  amount  of  commerce  or  navigation 
that  will  be  benefited  by  the  construction  of  a  harbor  at  Liston's  Tree 
I)oint. 

Kespectfully  submitted. 

0.  SEAFORTH  STEWART, 
Lieutenant  Colonel  of  Encfineen, 


N7. 

United  States  Engineer  Office, 

Philadelphia^  Pa.^  April  30, 1868. 

Sir  :  In  accordance  with  request  in  letter  from  headquarters  corps  of 
engineers,  of  the  15th  instant,  and  under  special  orders  from  the  same, 
of  the  17th  instant,  directing  me  to  proceed  to  the  vicinity^  of  the  mouth 
of  the  Metedeconk  river,  near  the  head  of  Barnegat  bay.  New  Jersey,  for 
the  purpose  of  making  an  examination  as  to  the  necessity  of  opening  an 
inlet  on  the  New  Jersey  coast,  from  the  Atlantic  ocean  to  the  above  point, 
I  ha  ve  the  honor  to  report  that  on  the  23d  instant  I  proce.eded  to  that  neigh- 
borhood. 

On  the  following  day  an  examination  was  made  of  that  portion  of  the 
New  Jersey  coast  just  below^  the  mouth  of  the  Metedeconk,  more  par- 
ticularly where  those  interested  in  procuring  the  opening  of  the  inlet 
proposed  to  locate  it.  A  tracing  sent  herewith  giving  a  rough  sketch, 
marked  1,  shows  the  general  character  of  the  ground  and  the  approxi- 
mate width,  at  certain  points,  of  the  strip  of  the  coast  between  the  ocean 
and  bay ;  also,  according  to  information  received  on  the  spot,  the  intended 
position  A  B  for  the  inlet.  The  sketch  2  is  from  the  general  chart  of  the 
coast,  having  marked  on  it  about  the  location  of  the  point  A  of  sketch!. 

The  coast  here,  as  usual,  consists  of  a  range  of  sand  hills,  varj  iug  in 
size  and  shape,  and  from  10  to  25  feet  in  height  above  high  water.  The 
sand  is  tine  and  of  a  grayish  w  hite  color.  The  seaward  slope  of  the  hills 
is  abrupt,  that  base  washed  by  storm  tides,  the  other  slopes,  in  many 
cases  equally  steep,  though  usually  more  gentle,  i)articularly  those  to 
the  rear.  The  general  breadth  of  the  range  is  100  yards,  or  thereabouts, 
with  many  depressions  through  which,  in  storms,  the  sea  finds  a  passage 
to  the  waters  of  the  bay.  From  their  crests  to  tie  low  flats  in  the  rear, 
the  hills  are  generally  covered  with  isolated  tall  stalks  of  a  coarse  gniss, 
aiding  in  retaining tlie  WgVil  ^a\i^va.\>Q%vt\on..    The  flats,  or  "meadows,'^ 
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are  but  a  few  inches  above  water  and  are  frequently  flooded.  There  are 
no  trees,  and  only  here  and  there  a  few  patches  of  bayberry  and  whortle- 
berry bushes  are  to  be  seen.  Seaward,  from  the  foot  of  the  sand  knolls, 
the  beach  slopes  very  gently  for  about  30  or  40  yards,  then,  at  what  has 
been  taken  as  the  high-water  line,  rather  abruptly — ^the  distance  from 
this  crest  or  line  to  low  water  being  some  30  yards.  About  100  yards 
beyond  low-water  line  there  seems  to  be  a  sort  of  bar,  or  shoal,  so  that 
the  sea  breaks  pretty  heavily  for  a  breadth  of  near  200  yards  from  that 
line.  There  had  been  during  the  night  a  sti'ong  wind  from  the  east,  and 
a  stiff  breeze  from  that  quarter  was  blowing  during  the  examination, 
rendering  it  impossible  to  ascertain  accurately  the  position  of  the  high 
and  low  water  lines. 

The  highest  point  of  the  line  A  B  is  about  where  it  meets  the  pro- 
longation of  the  seaward  base  of  the  hills,  and  is  about  six  feet  above 
high- water  mark ;  at  the  other  depressions  in  the  range  of  knolls  on  this 
part  of  the  coast,  the  corresponding  i)oints  may  be  from  8  to  10  feet 
above  the  same  level.  These  narrow  valleys  are  seldom  more  than  20 
yards  in  width.  Although  the  line  A  B  is  longer  than  some  others,  it 
has  been  supposed  the  most  favorable,  as  requiring  the  least  excavation, 
the  sand  hills  being  higher  at  the  narrow  points.  A  survey  can  alone 
decide  the  best  location,  should  it  ever  be  deemed  proper  to  attempt  cutting 
an  inlet  through.  The  channel  from  the  mouth  of  the  Metedeconk  passes 
quite  close  to  the  edge  of  the  flats  near  Mr.  Herbert's,  within  50  yards, 
it  is  said.  Those  familiar  with  the  bay  state  that  a  short  distance  lower 
down  is  a  bar,  which  prevents  vessels  drawing  more  than  about  six  feet 
from  getting  up  to  the  river.  The  latter  is  apparently  quite  wide  near  its 
mouth,  but  is  narrow  at  Burrsville,  some  five  miles  or  so  inland,  where 
both  branches  are  crossed  by  short  bridges,  and  where  the  depth  is  not 
safficient  for  vessels  drawing  five  feet.  The  pine  cord- wood  is  usually 
lightered  down  from  this  village  for  a  distance  of  1^  mile  to  the  vessels, 
or  the  four  or  five  miles  to  the  mouth  of  the  Metedeconk,  where  they 
are  anchored.  Small  vessels,  generally  of  about  100  tons  burden  or 
ciurying  some  60  cords  of  wood,  and  not  many  of  these,  with  small 
wrecking  vessels  are,  so  far  as  I  learned,  all  that  ever  come  near  this 
river,  or  even  close  along  the  Atlantic  coast,  unless  in  very  smooth 
weather.  Only  such  can  enter  the  inlets.  Squam  inlet  Is  very  narrow, 
and  vessels  drawing  five  or  six  feet  find  difficulty  in  going  in.  It  is  said  to 
close  every  three  or  four  years.  Then,  when  a  good  head  of  water  is 
obtained  within,  the  people  turn  out,  cut  a  narrow  channel  through,  and 
a  new  inlet  is  formed,  which  gradually  works  a  quarter  or  half  mile 
to  the  north,  and  is  then  closed  again,  and  so  on. 

It  is  stated  that  an  inlet,  called  Cranberry  inlet,  formerly  existed 
about  five  or  six  miles  below  Mr.  Herbert's,  which  closed  some  40  or 
50  years  ago,  and  has  since  remained  in  that  condition.  From  these 
facts,  from  what  occurs  at  the  other  inlets,  from  the  character  of  the 
coast,  from  the  exposure  of  the  mouth  of  the  inlet  to  the  action  of  the 
violent  storms  from  northeast  to  southeast,  &c.,  it  is  hard  to  believe  that 
one  cut  through  where  proposed  would  keep  open,  or,  if  it  did,  a  bar 
would  probably  form  at  the  outlet  which  would  render  it  useless,  or 
nearly  so. 

In  a  gale  from  the  east  it  would  be  almost  certain  destruction  to  a 
vessel  to  attempt  to  enter  such  an  inlet. 

The  only  government  property  that  I  could  find  anywhere  was  house 
of  refuge  No.  8,  a  mile  or  two  above  Mr.  Herbert's,  safely  stowed  away 
behind  the  sand-hills.  How  it  could  be  protected  by  cutting  an  inlet 
through  where  proposed  _is  not  seen.    Any  government  \>ioi^^y\;^  ^^^\i 


v./*      r^^  M^^-M-M-     -S.^  .M.U  .M.  .M-^      »^  .Jk  .B.^      •    > 


Lieutenant  Colonel  of  Engine 

Brevet  Major  General  A.  A.  HtnviPHBEYS, 

Chief  of  Engineers  U,  S,  Army,  Headquarters 

Corps  of  Engineers^  Washington^  D.  C. 


N8. 

Headquarters  Corps  of  Engineers, 
Washington^  D.  C,  June  24,  ] 

General  :  The  petitions  of  pilots  and  the  board  of  underwri 
the  city  of  Philadelphia  for  the  removal  of  certain  obstructions  fit 
Delaware  river,  addressed  to  the  Secretary  of  the  Treasury,  refer 
him  to  the  War  Department,  and  thence  to  these  headquarte 
report,  are  herewith  respectl\illy  returned  with  the  statement  th 
matter  was  committed  to  Lieutenant  Colonel  Stewart,  corps  of 
neers,  who  was  instructed  to  make  such  examinations  in  relation  ti 
as  might  be  necessary  to  a  proper  understanding  of  the  qu«? 
involved.  His  report,  of  which  an  extract  is  given  below,  will  aff) 
the  information  at  present  attainable.    He  says: 

I  have  the  honor  to  report  that  in  accordance  with  the  request  contAined  in  lett 
headquarters  corps  of  engineers,  dated  May  27,  186S,  having  been  furnished  by  tb 
tesy  of  Messrs.  S.  &  J.  L.  Flanagan  with  a  tug,  pilot,  &c.  ,au  examination  was  d 
the  16th  instant,  at  low  water,  of  the  wrecks  reported  as  obstructions  to  naviga 
Delaware  bay,  in  the  petitions,  &c.,  referred  to  the  War  Department  by  indorse 
the  Secretary  of  the  Treasury,  under  date  of  May  22,  1868. 

The  more  important  of  these  wrecks,  stated  to  be  a  brig  of  some  300  to  500  tow 
with  coal,  was  sunk  at  anchor  on  or  about  the  11th  of  March,  J  868,  and  lies  in  neai 
channel,  here  upwards  of  a  mile  wide.  Duck  river  light  bearing  southwmt,  (soi 
west.,)  Liston's  tree  nearly  northwest  by  west-half- west,  (north,  63^  west.)  At  !« 
there  were  20  feet  alongside  and  15  feet  over  the  vessel.  By  Coast  Survey  map  c 
ware  bay  and  river,  published  in  1848,  scale  ,  the  ^aioo  general  depth  in  this  vi< 
about  20  feet,  and  that  agprees  also  wiih  the  statement  of  the  pilot. 

The  mainmast  of  the  brig  is  still  standing,  foremast  displaced  and  inclined  up  sti 
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19  to  80  feet,  which  is  the  ^neral  depth  according  to  chart  and  hearsay.  This  vessel,  sap- 
posed  to  be  about  the  same  size  as  toe  other,  is  on  the  western  edge  of  the  channel,  and,  it 
woald  appear,  has  settled  almost  entirely  below  the  bed  of  the  bay.  It  is  not  much  of  an 
obstruction,  and  may  continue  to  settle  to  the  general  level  of  the  bed  or  below  it.  Its  posi- 
tion  is  marked  by  daylight  by  a  spar-buoy  similar  to  that  at  first  wreck  mentioned.  As  yet 
these  obetroctiont  do  not  appear  to  have  caused  any  material  change  in  the  bed  near  them. 

It  is  stated  by  those  interested  in  removing  wrecks,  that  the  briff,  which  seems  to  be  the 
only  serious  obstruction  of  these  two,  could  be  raised  or  removed  for  |6,000  or  $7,000. 
•  «  •  *  «  •  •  «. 

The  sketch  or  tracing  forwarded  herewith  gives  the  approximate  position  of  wrecks. 

It  is  recommended  that  the  wreck  of  the  brig  be  removed,  and  that  an 
appropriation  of  $6,000  for  that  purpose  be  made. 
Very  respectfully,  your  obedient  servant, 

A.  A.  HUMPHREYS, 
Brigadier  General  of  Engineers^  Commanding, 

Major  General  J.  M.  Sohofield, 

Secretary  of  War, 


APPENDIX  O. 

United  States  Engineer  Office, 
27  West  Houston  street^  Neic  Yorkj  September  10, 1868. 

General  :  I  have  the  honor  to  transmit  herewith  a  report  on  the 
progress  and  condition  of  the  works  of  improvement  of  the  Hudson 
river  between  Troy  and  !New  Baltimore,  during  the  past  fiscal  year. 


INFOR1MLA.TION    SUPPLIED    TO    CONFORM    TO    THE    REQUIREMENTS    OF 

ACTS  OF  CONGRESS. 

1.  Eesult  of  survey  or  re-survey  with  plan  adopted,  and  items  of 
expenditure  under  that  plan.  The  plan  adopted  was  that  laid  down  in 
my  report  of  November  9,  1866,  the  principles  of  which  were  indorsed 
by  a  special  board  of  engineers,  convened  for  that  purpose  at  Albany. 
Tliis  plan  looked  to  the  directing  of  the  currents  by  longitudinal  dikes; 
to  the  removal  of  obstacles;  to  the  free  flow  of  the  flood  and  ebb,  and 
to  the  increase  of  navigable  depth  by  these  means,  and  by  dredging. 
The  dikes  were  generally  to  be  at  the  height  of  mean  high  water,  and 
it  was  not  the  specific  object  of  the  dikes  to  increase  the  scour,  this 
being  generally  sufficient. 

The  fa<5ts  obtained  from  the  surveys  just  completed  have  justified  the 
propriety  of  these  rules  and  i)rinciples.  The  modifications  of  the  origi- 
nal plan,  which  are  those  of  detail  only,  and  to  be  expected  as  the  result 
of  a  recent  and  accurate  survey,  will  be  set  forth  in  the  concluding  por- 
tions of  this  report. 

2.  The  amount  that  is  required  for  the  entire  and  permanent  comple- 
tion of  the  work  is  $511,116  47,  and  probably  $20,000  per  annum  for 
dredging  between  Troy  and  Albany. 

3.  The  amount  that  can  be  profitably  expended  upon  the  work  duriug 
the  present  fiscal  year  is  $176,000. 

4.  The  collection  district  in  which  the  work  is  situated  is  the  14th. 

5.  The  work  is  located  near  Albany,  New  York,  a  port  of  entry. 

6.  The  amount  of  revenue  collected  at  Albany,  for  the  last  fiscal  year, 
was  $101,641  81. 

7.  The  amount  of  commerce  and  navigation  to  be  benefited  is  esti- 
mated at  $500,000,000. 
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8.  Abstract  of  proposals,  with  names  of  bidders,  sent  herewith. 

9.  Abstract  of  contracts,  with  names  of  contractors,  sent  herewith. 

10.  Abstracts  of  contracts  for  each  class  of  materials,  and  labor,  sent 
herewith. 

11.  A  statement  of  cash  received  and  expended  during  the  fiscal  year; 
also  amount  of  appropriation,  June  30, 1868,  and  amount  required  for 
the  year  ending  June  30, 1870. 

APPROPRIATION  OF  1864  FOR   REPAIR  OF    HARBORS  ON    THE  ATLAN- 
TIC COAST. 

Balance  available  July  1, 1867,  as  per  last  report $8, 876  24 

Expended  during  the  year 8, 294  25 

Balance  available  July  1, 1868 681  99 


APPROPRIATION  FOR  OIPROVINa  HUDSON  RIVER,  NEW  YORK. 

Balance  available  July  1, 1867,  as  per  last  report $32, 674  48 

Appropriation  for  the  year  1867 305, 188  00 

337, 862  48 
Expended  during  the  year 158, 466  52 

Balance  avaUable  July  1, 1868 179,395  96 

Total  available  July  1, 1868,  (two  appropriations) 180, 077  95 

From  which  is  due  the  United  States  for  revenue  tax  trom 

appropriation  for  repairs  of  harbors  on  the  Atlantic  coast .  $138  48 
Appropriation  for  improving  Hudson  river 102  94 

Total 241  42 

Congress  also  made  an  appropriation  on  the  25th  July,  1868,  from 
which  the  Secretary  of  War  has  allotted  $85,000  for  improving  Hudson 
river.  New  York. 

APPROPRIATION  FOR  EXAIVIINATIONS  AND  SURVEYS  ON  THE  ATLANTIC 
COAST,  APPLIED  TO  SURVEY  OF  THE  HUDSON  RIVER,  NEW  YORK. 

On  hand  July  1, 1867 $471  85 

Received  during  the  year 2, 950  00 

3,421  85 
Expended  during  the  year 3, 661  01 

Balance  due  from  the  United  States 239  10 

Balance  available  July  1,  1868,  unknown.  The  amount  required  to 
be  appropriated  for  the  fiscal  year  ending  June  30, 1870,  is  $160,000. 

CONDITION  OF  THE  RIVER. 

Under  this  head  will  be  enumerated  what  has  been  and  what  remains 
to  be  done  for  the  entire  and  i>ermanent  completion  of  the  works.    The 
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course  of  the  river  will  be  divided  in  sections,  corresponding  to  those 
enumerated  in  my  report  of  November  9, 1866. 

FIRST  SECTION,  INCLUDING  NEW  BALTIMORE  AND  COEYMAN'S. 

The  width  of  the  river  at  Xew  Baltimore,  850  feet,  about,  is  very 
small,  (comparing  in  this  respect  very  unfavorably  with  the  width 
above,)  when  we  take  into  consideration,  likewise,  the  fact  that  dikes 
built  by  the  State  commissioners  principally,  the  New  Baltimore,  Coey- 
man's,  and  Schodack  dikes,  cut  off  the  flood-tide  working  up  the  side 
channels,  and  thus  diminish  the  original  quantity  of  tiie  flood,  the 
necessity  for  some  compensation  is  rendered  more  apparent.  It  is 
proposed,  therefore,  to  cut  off  the  face  of  Houghtailiug's  island,  so  as  to 
increase  the  width  at  New  Baltimore  to  1,100  feet. 

The  improvement  already  commenced  in  cutting  off'  the  face  of  Mull's 
island  will  give  an  east  channel  of  950  feet  wide  at  Barren  island.  The 
west  channel  at  this  place,  though  shoal,  being  likewise  open  for  the 
advance  of  the  flood.  Along  the  New  Baltimore  dike  it  is  proposed  to 
excavate  a  channel  11  feet  deep,  300  feet  wide,  50  feet  from  the  dike, 
and  nearly  parallel  with  it.  This  eastern  channel,  the  sounding  of  which 
was  made  previous  to  certain  dredging  done  by  the  State  commissioners 
at  the  sho^est  spot,  is  already  much  used  for  navigation,  and  the  removal 
of  the  face  of  Mull's  island  will  cause  the  great  bulk  of  water  to  seek  its 
downward  passage  through  this  outlet. 

The  west  channel  will  naturally,  in  process  of  time,  decrease  its  present 
limited  depth.  The  improvement  of  Mull's  island  will  be  completed  this 
season.  Above  this  island  the  channel  crosses  to  the  west  bank,  and  is 
called  Coeyman's  cross-over.  It  is  proposed  to  dredge  this  channel  to  a 
width  of  300  feet  and  to  a  depth  of  11  feet. 

From  the  west  bank  a  concave  dike  is  designed  and  represented 
ui)on  the  drawing.  The  object  is  to  direct  and  throw  upon  the  opposite 
shore  the  great  body  of  water,  which  in  its  descent  is  now  divided  into 
two  channels  separated  by  Coeyman's  bar.  This  dike,  in  preventing  a 
division  of  the  descending  waters  and  giving  a  proper  direction  to  them, 
would  likewise  be  beneficial  in  retaining  the  volume  of  water  along  the 
shore  of  Mull's  island  and  the  New  Baltimore  dike. 

SECOND  SECTION,  ABOVE  AND  BELOW  CASTLETON. 

Schodack  dike,  built  by  the  State  commissioners,  was  intended  to  pre- 
vent the  descent  of  water  through  a  side  channel,  but  in  so  doing  a  por- 
tion of  the  flood-tide  has  likewise  been  cut  off.  The  soundings  were 
made  prior  to  the  completion  of  this  work,  the  effect  of  which  is,  there- 
fore, not  known. 

From  this  dike  to  Cedar  Hill  bar  there  is  no  place  with  less  than  nine 
feet  draught  at  mean  low  water,  and  this  draught  is  confined  to  limited 
localities.  It  is  supposed  that  this  portion  of  the  channel  after  the  works 
of  improvement  shall  have  been  completed,  will  improve  itself,  assisted 
perhaps  by  dragging  or  plowing  for  a  short  period.  Schodack  island, 
between  Castleton  and  Schodack  dike,  will  probably  need  revetting,  also 
a  portion  of  shore  of  Shad  island  opposite.  The  shore  above  the  upper 
end  of  Castleton  dike  requires  protection,  and  an  extension  of  the  dike 
is  represented  with  this  object. 

The  next  obstruction  is  Cedar  Hill  bar,  which  at  low  water  is  a  decided 
impediment  to  navigation.  A  moment's  glance  at  the  map  will  reveal 
the  fact  that  the  principal  cause  of  its  formation  lies  in  the  construction 
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of  the  old  State  dam,  which  is  represented  in  red.  This  obstacle  caused 
a  piling  np  and  check  of  the  descending  waters  until  a  head  was  obtained 
sufficient  to  generate  the  required  velocity  for  discharge.  The  result 
has  been  a  bar  above  and  a  scooping  out  below.  This  dam  is  under 
contract  for  removal  this  season.  A  channel  300  feet  wide  and  11  feet 
deep  at  mean  low  water  should  be  dredged  over  the  bar. 

A  dike  is  in  i>rocess  of  constmction  connecting  Campbell's  and  CJow 
islands.  This  work  is  necessary  to  receive  and  direct  the  current  com- 
ing from  the  opposite  bank  and  deflected  at  Parda  Hook.  A  dike  is 
commenced  leading  from  Cedar  Hill  to  Schermerhom  island  to  sustain 
and  direct  the  volume  of  water,  but  an  interval  will  be  left  in  the  dike 
above  Schermerhorn  island  to  allow  the  flood  to  come  np  through  the 
west  channel.  It  is  not  impossible  that  hereafter  it  may  be  deem^  best 
to  close  this  gap,  owing  to  certain  other  inconveniences;  but  I  am  unwilling 
to  cut  off  the  supply  of  the  flood  up  the  main  channel  unless  there  should 
be  imperative  reasons  therefor.  This  g.ap  should,  if  closed  at  all,  be  filled 
with  a  dike  not  higher  than  low  water. 

The  river  is  deflected  by  the  elevated  point  at  Staats  over  to  Bear 
island  and  to  the  rocky  point  called  Parda  Hook.  Bear  island  is  wash- 
ing away,  as  likewise  the  space  between  it  and  the  point.  A  concave 
dike  is  designed  to  run  from  the  old  wharf  on  the  island  to  Parda  Hook, 
for  shore  protection,  as  likewise  to  direct  and  sustain  better  the  mass  ot 
descending  waters.  The  shore  of  Bear  island  above  the  wharf  should 
be  revetted. 

THIRD  SECTION,  FROM  BEAR  ISLAND  TO  ALBANY. 

Austin's  rock,  opposite  lower  end  of  Overslaugh  dike,  and  the  Over- 
slaugh rock,  lying  in  midchannel  about  half  a  mile  above,  and  a  very 
dangerous  obstacle,  should  be  blasted  and  removed.  The  old  State  dam, 
•  opposite  to  the  last-named  rock,  has  been  the  cause  of  the  formation  of 
a  very  large  shoal,  which  ha«  encroached  upon  and  materially  narrowed 
the  channel,  and  should  be  taken  up. 

Before  leaving  the  lower  part  of  the  Overslaugh  dike  it  will  be 
observed  that  the  channel  contracts  suddenly  to  less  than  one-half  of 
its  former  dimensions,  and  this  nearly  opposite  to  the  State  dam.  The 
removal  of  this  dam  would,  therefore,  seem  to  be  a  remedy.  Exi)erience 
may  prove,  however,  that  while  this  operation  would  insure  a  decided 
benefit,  it  might  not  be  a  complete  remedy.  In  such  event  a  parallel 
dike  about  3,000  feet  long,  of  a  concave  form,  would  produce  the  neces- 
sarv  effect. 

Further  up  the  dike  is  another  State  dam  of  singular  shape,  project- 
ing dangerously  into  the  channel,  and  likewise  injuriously  deflecting  the 
current  away  from  the  line  of  dike. 

Cuyler's  dike,  built  by  the  State  commissioners,  it  is  proposed  to 
extend  down  stream  as  far  as  Duow's  Point,  with  the  object  of  protect- 
ing the  point,  against  which  the  force  of  the  ebb  now  strikes,  as  well  as 
to  give  a  good  shoot  to  the  current.  This  work  will  be  executed  during 
the  present  season. 

From  the  lower  end  of  the  Overslaugh  dike  to  the  deep  water  in 
front  of  Albany,  nine  feet,  and  in  most  places  10  feet  at  low  water,  can 
now  be  canied,  and  it  is  believed  that  the  improvements  in  progress 
will  gradually  increase  the  depth  of  the  channel.  Assistance  may  be 
given  from  time  to  time  by  dragging  or  plowing. 


REPORT  OP  THE  SECRETARY  OP  WAR.         715 


FOURTH  SECTION,  BETWEEN  ALBANY  AND  TROY. 

The  railroad  bridge  is  undoubtedly  an  obstacle  to  tlie  flood  and  ebb, 
and  to  make  the  matter  wor^e,  the  contractors  for  excavating  the  canal 
basin  and  others  were  in  the  habit,  until  arrested  by  the  interference  of 
the  government,  of  depositing  the  dredged  materials  above  the  bridge 
in  the  angle  formed  by  it  with  the  east  bank  of  the  river.  A  large  shoal 
extending  over  two-thirds  of  the  width  of  the  river  is  the  consequence. 

Patroon's  (lower)  island  contracts  unduly  the  width  of  the  river.  The 
flood  current  is  quite  perceptible,  and  should  the  improvements  below 
give  much  increase  to  this  velocity  it  would  become  a  question  to  increase 
the  width  by  cutting  away  the  channel  face  of  the  lower  end  of  the 
island.  The  further  the  flood  current  can  be  pushed  up  the  river  the 
greater  will  be  the  damming  back  of  the  ba^k- water  and  the  consequent 
rise  at  Troy  with  each  tide.  A  concave  dike  is  designed  leading  up 
from  the  wharf  at  Bath  to  a  ledge  of  rocks  on  the  margin  of  the  chan- 
nel. Opposite  its  upper  end  is  a  State  dam,  which  has  been  a  principal 
cause  of  the  collection  of  a  large  gravel  bank,  obstructing  the  naviga- 
tion, and  known  as  Fish  House  shoal  and  Kellogg's  shoal.  This  dam 
should  be  removed,  as  likewise  the  extremity  of  another  above  and  on 
the  opposite  bank  of  the  river. 

The  outlet  between  Cuyler's  and  Patroon's  (upper)  island  was  closed 
in  1867  by  a  dike  conforming  well  to  the  direction  of  the  channel  and 
of  the  existing  dikes.  Tliis  structure  was  built  to  keep  out  of  the 
channel  a  large  quantity  of  material  washed  down  from  the  side  channel. 
From  the  lower  end  of  this  it  is  proposed  to  run  out  a  concave  dike  to 
sustain  and  direct  the  body  of  water  which  here  crosses  over  to  the  east 
bank,  as  shown  by  the  channel  lines  upon  the  map.  A  part  only  of  the 
old  dike  will  be  included  in  this  design.  A  new  dike  or  the  repairs  of 
the  old  dike  would  here  be  necessary.  The  new  dike  could  be  placed 
in  a  better  direction,  and  it  is  believed  would  actually  cost  less  than  to 
repair  the  existing  one. 

At  the  lower  end  of  Hillhouse  island  we  come  upon  a  narrow  gorge, 
formed  on  the  east  by  the  natural  high  bank  of  the  river,  and  on  the 
west  by  a  high  revetment  or  dike,  this  contraction  continuing  until  we 
pa.ss  Burden's  wharf. 

It  is  proper  to  remark  here  that  the  sole  remedy  to  this  state  of  things 
would  be  to  cut  away  the  revetments  and  dikes,  and  thus  restore  its 
l>roi>er  width  to  the  river.  Since  the  dike  was  built  the  wharves  at  the 
nail  works  and  at  Burden's  have  been  run  out  and  the  length  of  the 
contra<ited  reach  increased.  The  idea  that  contraction  was  equivalent 
to  improvement  of  the  river  seems  to  have  been  prevalent  in  this  sec- 
tion. The  evil  sure  to  result  has  not  been  dwelt  upon.  Not  only  has 
the  quantity  of  back-water  in  each  tide  been  thereby  diminished  to  the 
injury  of  the  whole  river,  but  the  velocity  of  the  confined  freshets  so 
increased  as  to  send  down  gravel,  filling  up  channels  as  far  as  Albany. 

Waste  spaces,  so  valuable  for  the  collection  and  deposit  of  gravel  dur- 
ing freshets,  have  been  obliterated,  and  the  larger  material  has  now  no 
other  course  than  down  the  main  channel.  There  is  nothing,  I  fear,  to 
be  done  for  most  of  the  space  between  Albany  and  Troy  excei)t  to 
dredge  and  continue  dredging. 

Between  Troy  and  the  sloop  lock  at  the  dam,  no  survey  has  been  made; 
it  is  thought  this  should  be  provided  for  by  an  appropriation,  with  a  view 
to  the  improvement  of  the  channel  leading  up  to  the  lock.  Many  impedi- 
ments here  exist  prejudicial  to  the  trade  through  the  northern  canal. 
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Relative  heights  of  tides  and  freshets  between  New  Baltimore  and  Troy. 


Condition  of  stream. 


Mean  low  water 

Mean  high  water 

Lowest  low  water 

Highest  high  water* 

Freshet,  June  18,  1867 

Freshet,  August  17  and  18,  1867. 
Freshet,  May  22,  1868 
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1.3L> 
4.80 


+  11.50 
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*  Probably  a  slight  ftvahet. 

NoTB. — Mean  low  water  at  New  Baltimore  is  taken  as  the  datum  line  for  the  lerels,  aad 
all  the  above  heights  refer  to  that  according  to  their  signs. 

The  low- water  slope  between  New  Baltimore  and  Coeyinan^s  is  2.4  inches 
to  a  mile. 

The  low-water  slope  between  Coeyman's  and  Castleton  is  1.16  inch  to 
a  mile. 

The  lowrwater  slope  between  Castleton  and  Albany  is  0.72  inch  to  a 
mile. 

The  low- water  slope  between  Albany  and  Troy  is  1.6  inch  to  a  mile. 

The  mean  rise  and  fall  at  New  Baltimore  is  3.51  inches. 

The  mean  rise  and  fall  at  Coeyman's  is  2.91  feet. 

Th^  mean  rise  and  fall  at  Castleton  is  2.72  feet. 

The  mean  rise  and  Ml  at  Albany  is  2.41  feet. 

The  mean  rise  and  fall  at  Troy  is  1.76  foot. 

There  is  a  falling  o4F  of  the  tides  between  New  Baltimore  and  Coey- 
man's, a  distance  of  little  more  than  two  miles,  of  0.6  foot,  while  the  level 
of  high  water  is  actually  less  at  Coeyman's  than  at  New  Baltimore. 
These  facts  indicate  that  there  is  grieat  room  for  improvement  between 
these  places.  The  present  observations  at  New  Baltimore  give  3.51  feet 
as  the  mean  rise  and  fall,  instead  of  3.69  feet,  as  in  my  former  report 
quoted  from  Hughes. 

Observations  to  determine  additional  points  in  the  curve  of  mean  low 
water  from  Troy  to  New  Baltimore,  particularly  where  the  charts  indi- 
cate obstacles  to  the  flow  of  water — observations  on  the  velocity  and 
direction  of  the  flood-currents,  and  of  the  effects  of  the  works  constructed 
and  recommended  to  be  constructed,  and  additional  observations  of  the 
ebb  currents  and  of  the  movement  of  the  bed  of  the  river — should,  as 
opportunity  may  oflfer,  be  made.  The  information  sent  with  the  chart 
comprises  all  that  the  surveyor,  who  has  been  indefatigable  in  his  duties, 
was  able  to  compile  up  to  this  time.  A  short  synopsis  of  the  principles 
and  mode  of  i)roceeding  adopted  for  the  improvement  of  this  river  will, 
it  is  thought,  not  be  out  of  place.  Contractions  of  the  river  have  been 
carefully  avoided  by  the  engineer  in  charge.  Abstract  reasoning  upon 
the  eftects  of  such  a  course  was  sufficient^  and  the  conclusions  arrived  at 
have,  it  is  thought,  been  fully  verified  by  the  fact«  develoi>ed  in  the  charts 
sent  herewith.  With  the  enormous  scour  created  by  this  confinement  of 
the  freshets,  a  draught  of  water  between  seven  and  eight  feet  mean  low 
water  is  all  that  has  been  maintained  between  Albany  and  Troy.  It  was 
not  foreseen  by  the  advocates  of  contraction  that  the  power  requiretl  to 
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move  pebbles  and  gravel  would  likewise  supply  these  a«  fast  as  it 
removed  tbem.  Under  the  circumstances  of  this  river,  the  velocity  of 
the  currents  should  never  by  artificial  means  have  been  increased  beyond 
that  necessary  to  move  the  light  materials  of  the  bottom,  a«  sand  and 
mud;  nor  was  it,  in  order  to  secure  and  maintain  a  good  permanent  depth, 
ever  required  to  do  more  (after  dredging)  than  to  guide  the  current  by 
single  longitudinal  dikes,  or  in  certain  cases  by  low  double  (parallel) 
dikes,  amply  sufficient  to  have  kept  a  large  volume  of  water  moving  with- 
out sensible  wa«te  through  the  principal  channel.  Acting  upon  such 
principles,  the  fi'eshets  would  have  had  room  for  expansion,  and  their 
power  would  not  have  been  concentrated  upon  the  work  of  bringing  down 
large  pebbles  and  gravel,  to  the  injury  or  deterioration  of  the  upper  and 
lower  navigation  of  the  river.  The  magnitude  of  the  injury  done  is  mani- 
fest, firom  the  fact  that  the  greater  portion  of  navigation  through  the 
canals  is  locked  in  and  out  at  West  Troy  and  above  Troy.  In  the  lower 
part  of  the  river,  as  far  up  a«  Albany,  the  prospect  for  a  permanent 
improvement  of  the  river  is  flattering.  In  this  portion  the  endeavor 
should  be  to  lead  up  the  flood  and  direct  the  descending  waters  in  large 
volumes  through  the  main  channel.  For  these  objects  the  channels  at 
the  New  Baltimore  dyke,  the  cross-over  at  Coeyman's,  and  the  bar  at 
Cedar  hill,  should  be  deepened  as  early  as  possible,  and  the  dikes  at 
Coevman's  and  Parda  Hook  commenced.  These  in  addition  to  the  works 
now  under  way  at  Cow  island  and  Cedar  hill.  It  is  thought  that  means 
more  simple  and  inexpensive  than  dredging  can  be  used  to  obtain  the 
requisite  depth  at  most  places  between  New  Baltimore  and  Albany,  tak- 
ing into  consideration  the  assistance  to  be  derived  from  the  increased 
volume  of  water  which  the  works  recommended  must  send  through  the 
channels.  The  old  State  dams  everywhere  have  proved  a  nuisance,  and 
should  be  immediately  removed. 

In  connection  with  obstructions  it  is  necessary  to  call  attention  to  the 
railroad  bridge  at  Albany.  This  stnicture,  having  seven  piers  and  a 
draw-pier  obstructing  the  effective  water-way  at  Albany,  has  been  per- 
mitted to  be  built,  and  probably  acquiesced  in  by  the  citizens  of  that 
place,  under  the  mistaken  notion  that  whatever  damage  might  result  to 
the  navigation  to  Troy,  it  could  not  impair  that  to  Albany. 

Obstractions  to  the  flow  of  water  in  tidal  rivers,  however,  act  like  a 
two-edged  sword,  and  cut  both  ways.  The  quantity  of  tidal  back-water 
above  the  bridge  has  been  decreased,  and  with  this  the  scour  below  the 
bridge.  It  is  the  object  of  the  improvement  to  send  the  flood  current  as 
far  up  as  possible,  in  order  to  increase  at  each  tide  the  back-water  at 
Troy,  and  the  obstruction  of  the  bridge  is  a  formidable  obstacle  to  this 
result.  A  tubular  or  suspension  bridge,  with  sufficient  span  to  leave 
unobstructed  the  necessary  water-way,  could  be  easily  constructed;  and 
I  note  the  fact  here,  because  there  is  a  project  of  building  another  rail- 
road bridge  lower  down  to  replace  the  present,  and  the  legislature  of 
New  York  should  be  requested  to  consider  and  regulate  the  matter.  It 
is  a  serious  question  whether,  if  it  should  hereafter  be  determined  to 
widen  the  river  above  Albany,  at  the  places  mentioned  in  a  former  por- 
tion of  this  report,  it  would  practically  obtain  the  object  so  long  as  the 
obstruction  of  this  bridge  should  remain;  and  my  opinion  is,  that  without 
improvement  sufficient  to  maintain  a  permanent  depth  once  dredged, 
there  would  be  required  of  annual  outlay  at  least  $20,000  for  the  channel 
between  Albany  and  Troy; 
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Estiinate  to  complete  the  improvement  of  the  Hudson  river  (uxording  to 

plan  submitted. 

Cutting  off  face  of  Houghtailing's  ialand,  damages  to  pri- 
vate property,  24  acres,  at  $100 $2,400  00 

Excavation,  391,000  cubic  yards,  at  20  cents 78,200  00 

Half  dike,  1,320  lineal  feet,  at  $6 7,920  00 

Shore  protection,  920  lineal  feet,  at  $3 2,760  00 

Dredging  channel  at  New  Baltimore  dike,  viz :  129,000  cubic 

yards,  at  20  cents 25,800  OO 

Finishing  Mull's  island  improvement 49,000  OO 

Construction  of  dike  at  Le  Roy  Hook,  viz:  2,840  lineal  feet.  58,200  00 
Shore  protection  between  Castleton  and  Schodack  dikes, 

viz:  3,200  lineal  feet,  at  $3 9,600  00 

Shore  protection  at  Shad  island,  1,600  lineal  feet,  at  $3 4,800  00 

Extension  of  Castleton  dike,  viz :  1,000  feet  of  half  dike,  at 

$6,  $6,000;  700  feet  of  full  dike,  at  $7  60,  $5,250 11,250  00 

Finishing  Cow  and  Campbell  Island  dike -  .  40,000  00 

Fmishing  Cedar  HUl  dike 45,500  00 

Dredging  Cedar  Hill  bar,  viz :  72,800  cubic  yards,  at  20  cents .  14,560  00 

Eemoving  old  State  dam 2,000  00 

Dike  at  Parda  Hook,  3,660  lineal  feet 46,500  00 

Shore  protection  Bear  island,  viz:  1,200  lineal  feet,  at  $3. .  3,600  00 

Removing  Austin's  rock,  1,900  cubic  yards,  at  $13 24,700  00 

6,000  lineal  feet  parallel  with  Overslaugh  dike,  at  $10 60,000  00 

Removing  Overslaugh  rock,  468  cubic  yards,  at  $13 6,084  00 

Removing  775  lineal  feet  of  old  State  dam 2,712  00 

Extension  of  Cuyler's  dike,  viz:  1,650  lineal  feet 16,000  00 

Dike  parallel  with  Cuyler's  dike.  2,500  lineal  feet,  at  $9. . .  22,500  00 
Dredging  channel  parallel  with  Cuyler's  dike,  100,000  cubic 

yards,  at  30  cents 30,000  00 

Dike  above  Bath,  5,693  Imeal  feet 55,297  00 

Removing  old  State  dam 2,600  00 

Dike  to  replace  old  United  States  dike,  1,820  lineal  feet . .  15,470  00 

Removing  old  State  dam 2,700  00 

Dredging  channel  250  feet  wide,  and  nine  feet  at  mean  low 
water,  from  Albany  to  Troy,  viz:  316,000  cubic  yards,  at 

30  cents 94,800  00 

Expenses  of  dragging  and  plowing  the  channel,  to  increase 
and  make  uniform  the  depth  at  various  places  between 

Albany  and  New  Baltimore 30,000  00 

Expenses  of  further  survey 10,000  00 

Total 775  953  00 

Balance  available  July  1,  1868 $179,836  53 

Appropriated  July  25, 1868 85,000  00 

264,836  53 

Balance  asked  to  be  appropriated 511,116  47 

To  compare  estimates  of  this  date  with  that  made  November  9, 1866: 

Present  estimate  from  commencement  to  completion $984,304  47 

Estimate  of  1866 862,297  75 

Excess  of  present  estimate 122,006  72 
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When  it  is  considered  that  in  1866  the  engineer  had  to  rely  upon  old 
maps  and  charts  from  which  to  deduce  his  quantities,  differing  in  many 
respects  from  those  obtained  from  the  recent  survey,  the  difference  of 
the  two  estimates  is  not  surprising,  and  for  the  amount  involved, 
$984,304  47,  will  not  be  considered  great.  It  must  likewise  be  stated 
that  the  present  estimate  includes  several  items  which  are  of  probable 
necessity  only,  viz : 

6,000  feet  of  dike  parallel  to  Overslaugh  dike $60,000 

2,500  feet  of  dike  parallel  to  Cuyler's  dike 22,500 

Austin's  rock,  1,900  cubic  yards  or  rock  excavation 24,700 

Dike  abo\^e  Bath 55,927 

Dike  to  replace  old  United  States  dike 15,470 

Total 178,597 

Eespectfully  submitted. 

JOHX  NEWTON, 
Ideut  Col  Engineers  and  Brevet  Maj.  Gen.  U.  8.  A. 
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Iract  of  contract  for  work  and  materiah  entered  into  by  the  United  States 

from  July  1,  1867,  to  June  30,  1868. 


57 
10 

13 


]4 


24 

30 


26 
19 


20 
21 
22 
27 

.28 
.29 


110 


J.  L.  Powley 

Thomas  Flood 

Do 

Do 

Do 

John  Hutchinson 

Do 

Emory  R.  Seward 

Simeon  CunliflF 

Tobias  8  Van  Hovenberjfh 
Marshall  O.  Caldwell 

William  Fuller 

Do 

Darius  Davis 

Do 

Joseph  L.  Powley 

Templeton  &  Payne 

Plant's  Manufacturing  Co . . 

E  mory  R.  Seward 

Caldwell  B.  Benson 

Samuel  Strong 

R.  N.  Gere 

Do 

Do 

White  &  Boynton 

Emory  R.Seward 


Classes. 


Driving  30,000  feet  of  piles,  at  5  cents  per  foot. 
Wood  work  on  3,000  feet  of  dike,  at  55  cents  per 

running  foot. 
Grading  and  paving  10,000  square  yards,  at  41 

cents  per  square  yard. 
10,000  cubic  yards  of  rubble  stone,  at  $1  50  per 

cubic  yard. 
3,000  piles,  at  10  cents  per  foot. 
3,000  pounds  of  bolts,  at  S  cents  per  pound. 
4,000  pounds  of  rod^,  at  6|  cents  per  pound. 
5,000  cubic  yards  of  slope  wall,  at  $1  90  per  cubic 

yard. 
10,000  pounds  of  spikes,  at  5^  per  pound. 
Dredging  Mull's  island,  at  21  cents  per  cubic  yard. 
4,000  cubic  yards  of  slope  wall  stoue,  at  $1  79  per 

cubic  yard. 
6,000  cubic  yards  of  rubble  stone,  at  $1  34  per 

cubic  yard. 
2,000  cubic  yards  of  slope  wall  stone,  at  $1  75  per 

cubic  yard. 
270,000  to  350,000  feet  of  piles,  at  9  cents  per  foot. 
35,000  to  4d,0U0  pounds  of  spikes,  at  4^  cents  per 

pound. 
3,2  iO  feet  of  half  dike  timber  work,  at  35  cents 

per  running  foot. 
Driving  60,000  to  79,000  feet  of  piles,  at  3^  cents 

per  toot. 
16,000  to  22,000  pounds  of  bolts,  at  o^^q  cents  per 

pound. 
3,000  cubic  yards  of  slope  wall  stone,  at  $1  50  per 

cubic  yard. 
Driving  180,000  to  236,000  feet  of  piles,  at  3f  cents 

per  foot. 
50,000  to  65,000  cubic  yards  of  rubble  stone,  at  $1 

per  cubic  yard. 
40,000  to  50,000  pounds  of  rods,  at  4|  cents  per 

pound. 
2,000  cubic  yards  of  dred^^ing  at  45  cents  per  cubic 

yard. 
1,200  to  1,500  feet  of  abutment  timber  work,  at  7^ 

cents  per  running  foot. 
15,000  to  21,000  feet  of  full  dike  timber  work,  at 

40  cents  per  running  foot. 
650,000  to  850,000  feet  of  hemlock   timber,   at 

$20  40  per  M  feet. 


certify  that  the  above  abstract  is  correct. 

JOHN  NEWTON, 
Lieut.  Col.  Engineers  and  Bvt.  Major  General  U.  8.  A. 

certify  that  the  above  abstract  is  correct. 

JOHN  M.  WILSON, 
Major  Engineers  and  Brevet  Colonel  U.  8.  A. 

46  w— Part  II 
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Ol. 

Headquarters  Corps  of  Engineers, 

Washington^  D.  C,  March  5, 1868. 

Sir  :  I  return  herewith  letters  of  the  Hon.  Z.  Chandler,  chairman  of  the 
Committee  on  Commerce  of  the  Senate  of  the  United  States,  of  the  25tli 
of  January,  1868,  with  petition  of  citizens  of  the  United  States,  praying 
an  appropriation  for  removal  of  obstructions  from  Hell  Gate,  New  York 
harbor,  and  of  February  12,  1868,  inclosing  memorial  of  Chamber  of 
Commerce  of  the  State  of  New  York,  praying  the  removal  of  obstruc- 
tions in  the  East  river  at  Hell  Gate,  &c.,  referred  to  these  headquarters 
for  report,  and  submit  a  copy  of  a  report  of  Lieutenant  Colonel  and 
Brevet  Major  General  John  Newton,  corps  of  engineers,  who  was  in- 
structed to  make  the  requisite  examinations  and  estimates  of  the  amount 
that  would  be  required  to  remove  the  obstructions  referred  to. 

This  estimate  for  the  first  year's  operations,  which  includes  the  removal 
of  Pot  rock,  Frying  Pan,  Wag's  reef,  and  Shelldrake  rocks,  is  $378,000. 

His  views  are  concurred  in. 

It  is  suggested  that  the  appropriation  for  the  work  include  the  opera- 
tions on  Coenties,  Diamond,  and  Battery  reefs.  East  river,  under  the 
general  heading  of  the  removal  of  the  obstructions  in  New  York  harbor, 
for  which  it  is  recommended  that  $500,000  be  appropriated  for  the  first 
year. 

Attention  is  invited  to  a  letter  from  these  headquarters  of  this  date, 
in  relation  to  the  removal  of  obstructions  at  Battery,  Diamond,  and 
Coenties  reefs.  New  York  harbor. 

Very  respectfully,  your  obedient  servant, 

A.  A.  HUMPHREYS, 
Brigadier  General  of  Engineers^  Commanding, 

Hon.  E.  M.  Stanton, 

Secretary  of  War. 


0  2. 

Headquarters  Corps  of  Engineers, 

Washington^  D,  C,  February  8, 1868. 

General  :  The  inclosed  copy  of  a  petition  for  an  appropriation  for 
the  removal  of  obstructions  which  impede  the  navigation  of  the  East 
river  approach  to  New  York  harbor  at  Hell  Gate,  and  copy  of  letter 
from  Hon.  Z.  Chandler,  chairman  of  the  Committee  on  Commerce,  United 
States  Senate,  are  transmitted  for  your  information  and  report. 

Your  report  of  last  year  has  been  before  Congress,  but  i)erhaps  the 
magnitude  of  the  operations  involved  in  the  improvement  and  the  large 
amount  requisite  to  carry  them  out  may  have  had  the  eflFect  of  deferring 
legislation.  It  is  suggested  that  you  revise  your  former  estimate  with  a 
view  to  reducing  it,  if  possible.  The  amount  a^ked  for  the  firs^  year's 
operations  was  $900,000,  a  large  part  of  which  was  to  be  expended  in 
costly  machinery,  such  a«  current  breakers,  &c.  Could  not  a  much 
smaller  sum  be  very  usefully  applied  the  first  year  in  removing,  by  less 
expensive  means,  in  whole  or  part,  the  most  dangerous  of  the  rocks  in 
the  order  named  in  your  report }  that  is,  Pot  rock,  Frying  Pan,  Wag's 
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reef,  &c. !    What  is  the  least  sum  that  can  be  eflfectively  applied  as  a 
beginning,  in  the  first  j' ear,  that  will  be  of  marked  value  to  navigation  t 
Very  res|)ectfulJy,  your  obedient  servant, 

A.  A.  HUMPHREYS, 
Brigadier  General  of  Engineers^  Commanding. 

Lieut.  Col.  and  Brevet  Major  Gen.  John  Newton, 

Corps  of  Engineers  J  395  Canal  Street,  New  York. 


0  3. 

New  York,  February  11, 1868. 

General:  I  have  the  honor  to  acknowledge  the  receipt  of  department 
letter  of  the  8th  instant,  inclosing  copy  of  a  letter  from  the  Hon.  Z. 
Chandler,  chairman  of  Committee  on  Commerce  of  the  United  States  Sen- 
ate, to  the  Hon.  E.  M.  Stanton,  Secretary  of  War,  and  copy  of  petition  of 
citizens,  praying  for  the  removal  of  obstructions  in  HeU  Gate,  New  York 
harbor,  to  the  Senate  and  House  of  Representatives. 

1.  In  department  letter  it  is  suggested  that  I  re\ise  my  former  esti- 
mate for  effecting  these  operations  with  a  view  to  reducing  it  if  possible. 

I  will  remark  that  my  views  have  been  distinctly  stated  in  m^  report 
of  January  21,  1807,  and  the  reasons  given  there  for  the  several  items  of 
estimate.  It  is  proper  to  add  here  that  a  project  for  the  improvement 
of  Hell  Gate,  when  the  task  was  committed  to  me,  had  few  advocates 
among  pnictical  men,  owing  to  a  disbelief  of  its  successful  prosecution 
in  the  existing  state  of  the  art  of  blasting  under  water;  which,  it  may  be 
added,  was  8[)ecially  due  to  the  many  failures  which  had  befallen  various 
operations  in  this  neighborhood.  The  introduction  of  nitroglycerine  as  a 
blasting  agent  for  the  moment  gave  vague  and  undefined  hopes  that  the 
project  might  be  revised,  under  the  stimulus  of  the  acknowledged  explo- 
sive effect  of  this  new  agent.  But  for  all  this,  there  was  little  sympathy 
manifested  in  the  attempt  to  devise  a  sound,  practical  project,  and  no 
assistance  whatever  afforded;  probably  because  there  was  so  little  really 
known  on  this  subject,  and  no  attempt  had  been  made  to  systematize 
even  that  little. 

Such  was  the  condition  of  things  when  I  took  up  the  subject  under 
the  orders  of  the  engineer  department.  It  was  at  once  evident  that  to 
attempt  this  difficult  task  without  a  defined  system  was  to  expose  it  to^ 
the  fancies  of  inventors  or  speculators,  and  to  a  moral  certainty  of  fail- 
ure in  the  end,  after  much  useless  expenditure.  The  system  adopted 
after  much  care,  and  the  reasons  therefor,  have  been  very  fully  given  in 
my  report. 

The  particular  machines  described  by  me  were  not  relied  upon  as  the 
sole  or  even  the  best  means  of  effecting  the  object  desired,  as  my  report 
will  show;  but  their  design  was  to  demonstrate  that  no  insuperable  diffi- 
culty intervened  to  prevent  a  practical  consummation  of  the  work,  and 
to  furnish  data  for  its  estimate. 

One  thing  became  certain,  that  the  boring  should  be  conducted  from 
a  platform  above  water,  but  whether  such  platform  should  be  su[)ported 
uiK)n  tiipods  or  arranged  as  designed  in  the  report,  was  a  matter  of 
small  moment.  It  is  quite  likely  that  both  systems  can  be  advanta- 
geously employed  in  the  same  work  under  different  circumstances. 

I  have  stated  in  that  report,  "  before  work  is  really  undertaken,  trials 
should  be  made  and  prosecuted  until  a  good  result  is  obtained,^  and  I 
prefer  this  mode  of  commencement  when  little,  as  in  such  operatiou&^ 
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had  been  demonstrated  by  succesaful  practice.  Bat  when  the  success  of 
a  system  has  once  been  shown,  it  would  then  be  necessary  that  the 
appropriations  for  each  year  should  follow  in  regular  series,  until  the 
work  has  been  completed.  This  would  be  essential,  in  order  to  guard 
against  the  cost  exceeding  the  estimates  of  the  report,  though  these, 
according  to  the  terms  of  the  law,  which  required  estimates  for  a  com- 
pleted work,  have  been  made  to  embrace,  as  nearly  as  possible,  losses 
which  might  follow  from  the  precarious  chances  incident  to  these  opera- 
tions at  Hell  Gate. 

The  total  estimated  cost  for  each  cubic  foot  of  rock  removed  was  $1 64 
in  our  present  currency,  which  is  not  considered  extravagant,  as  the  com- 
parison made  in  the  report  with  the  cost  of  removing  Pot  rock  under 
Major  Fraser's  superintendence  would  demonstrate. 

The  report  further  states  "  that  a  serious  and  well-considered  attempt 
to  push  the  work  will  be  the  means  of  stimulating  mechanical  inventions 
suited  to  this  end,  which,  with  the  experience  gained  from  day  to  day,  will 
not  onl  J'  expedite  progress,  but  also  materially  diminish  the  cost,  especially 
in  the  large  item  of  removing  the  rock.'' 

It  is  likely  that  the  "  current  breakers '^  may  be  dispensed  with,  as  I 
have  been  considering  other  means  of  removing  the  rock  from  the  bot- 
tom, after  blasting.  It  is  not  perhaps  impossible  to  let  this  part  of  the 
work  by  contract. 

2.  1  am  requested  to  state  whether  a  less  sum  than  $900,000,  the  sum 
asked  for  the  first  year's  appropriation,  would  not  suffice.  This  reminds 
me  that  my  report  does  not  specify  the  sum  needed  for  the  first  year, 
and  the  omission  to  do  so  probably  arose  from  a  recommendation  in  the 
report  to  conduct  preliminary  experiments  in  order  to  prove  the  efficiency 
of  the  plan  before  going  furtheit 

The  department  further  asks,  "could  not  a  much  smaller  sum  be  very 
usefuUy  applied  the  first  year  in  removing  by  less  expensive  means^  in 
whole  or  in  i)art,  the  most  dangerous  of  the  rocks,  •  •  •  that  is,  Pot 
rock.  Frying  Pan,  Wag's  reef,"  &c.  I  am  not  certain  that  I  entirely 
appreciate  the  meaning  intended  by  the  phrase  I  have  interlined.  To 
cover  such  meaning,  I  will  state  that  charges  of  gunpowder  placed  in 
contact  with  the  surface  of  the  rock  have  not  proved  economical,  in  my 
opinion,  after  the  rock  has  once  been  reduced  to  a  flat  surface,  nor  at  all 
reliable  afterwards  for  a  further  removal  of  its  surface.  What  nitro- 
glycerine may  do  under  such  circumstances  has  never,  to  my  knowledge, 
been  demonstrated. 

I  have  recommended  in  the  report  that  charges,  so  placed,  should  be 
first  employed  to  blow  oft*  projecting  parts,  and  such  a  process  would 
naturally  be  continued  as  long  as  it  was  effective.  For  a  further  reduc- 
tion of  the  rock,  drilling  and  blasting  should  be  the  next  resource. 
Drilling  done  by  hand  under  water,  supposing  the  current  to  permit  the 
descent  of  the  diving  bell  or  armored  divers,  is  too  slow  and  expensive 
a  process.  The  next  alternative  is  a  platform  above  water  from  which 
the  drilling  could  be  performed.  These  are  the  three  modes  of  perform- 
ing the  work  which  suggest  themselves. 

As  to  the  relative  exi)ense  of  the  first  and  last  method  of  removing 
the  rock,  1  find  that  each  charge  fired  in  1852  and  1853  cost,  in  gold, 
$22  35,  and  by  my  estimate  the  same  charge  producing  greater  effects  in 
breaking  up  the  rock,  and  the  same  effect  in  removing  the  debris,  (in- 
cluding also  drilling  the  holes,)  would  cost  just  double  in  currency.  This 
close  approximation  of  their  cost,  the  difference  between  gold  and  cur- 
rency being  taken  into  consideration,  proves  that  the  estimate  is  not  in 
fault,  at  least,  by  being  too  large. 
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I  subjoin  an  estimate  for  the  removal  of  Pot  rock,  Frying  Pan,  Wag's 
reef,  and  Shelldrake. 

These  rocks  naturally  go  together.  Pot  rock  and  Frying  Pan  are  so 
associated  in  position,  and  in  the  dangers  to  which  vessels  are  subjected 
by  them,  that  the  removal  of  both  should  be  effe<».ted  as  soon  as  possible; 
and  the  same  remark  applies  to  Wag's  reef  and  Shelldrake.  Again,  the 
charges,  on  being  fired  at  Pot  rock  or  Frying  Pan,  Wag's  reef,  or  Shell- 
drake, would  aftbrd  a  suitable  place  for  drilling  to  proceed  without  loss 
of  time. 

For  Wag's  reef  and  Shelldrake  I  have  had  to  rely  upon  the  survey  of 
Lieutenant  Craven,  of  1856,  and  the  amount  of  rock  to  be  removed  from 
these  has  not  been  determined  with  the  accuracy  attained  in  the  other 
cases,  for  which  special  surveys  were  made  at  my  instance. 

A  drilling  platform,  derricks,  a  few  scows,  small  boats,  anchors,  chains, 
and  cables  are  estimated  for.    The  "  current  breaker"  is  not  included. 

JSstitnate. 

Machinery $158, 300 

Docks,  storehouses,  magazine,  &c 18, 000 

Contingent 24, 200 

Blasting  and  removing  rock 177, 540 

378, 040 

KespectfuUy  submitted. 

JOHN  NEWTON, 
Lieut.  CoL  JSngvieers  and  Brevet  Major  General  U.  S.  A. 

[Indorsement.] 

United  States  Engineer  Office, 

New  York,  March  2,  1868. 

Respectfully  returned.  After  a  careful  consideration  of  the  matter,  I 
would  not  desire  to  increase  the  estimate,  nor,  on  the  contrary,  to  decrease 
it.  I  have  made  another  calculation  which  resulted  in  a  decrease  of 
about  $30,000;  but  in  an  experiment  in  blasting  at  this  diflBcult  spot, 
where  accidents  are  liable,  it  were  best  to  allow  some  margin. 

I  do  not  ask,  either,  for  money  sufficient  only  for  experimental  knowl- 
edge, as  I  once  thought  of,  because,  if  the  rocks  in  Hell  Gate  are  placed 
in  the  same  bill  with  Diamond  and  Coenties  reefs,  likewise  in  the  East 
river,  it  is  evident  that  the  experimental  knowledge  gained  by  opera- 
tions at  either  of  those  reefs,  in  the  more  quiet  portions  of  the  river, 
would  be  available  likewise  for  Hell  Gate. 

I  resi)ectfully  refer  to  the  concluding  paragraphs  of  my  report  on  Dia- 
mond and  Coenties  reefs. 

JOHN  NEWTON, 
Lieut.  Col.  Engineers  and  Brevet  Major  General  U.  IS.  A. 


0  4. 

Survey  of  Hell  Oate^  East  river. 

Engineer  Department, 

Wa^hingtonj  February  9, 1867. 

Sm :  In  obedience  to  the  provisions  of  the  act  approved  June  23, 1806, 
making  appropriations  for  the  repair,  preservation,  and  completion  ot 
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certain  public  works,  &c.,  I  have  the  honor  to  transmit  herewith  a  copy 
of  the  report  of  Brevet  Major  General  John  Newton,  United  States  army, 
lieutenant  colonel  of  engineers,  on  the  survey  of  Hell  Gate,  New  York. 

General  Newton  submits  estimates  for  three  separate  projects  for  the 
improvement,  with  channels  of  26  and  24  feet  in  depth  at  mean  low 
water. 

The  first  includes  the  removal  of  all  the  rocks  enumerated  in  his 
report,  the  construction  of  sea-walls,  improvement  of  the  middle  chan- 
nel, and  the  removal  of  Negro  Head.  The  second  includes  the  cost  of 
removing  that  part  of  the  middle  reef  known  as  Negro  Head,  Hen  and 
Chickens,  Flood  rock,  and  Gridiron,  thus  throwing  the  eastern  and  middle 
channels  into  one.  The  third  includes  the  removal  of  the  smaller  rocks 
and  the  construction  of  the  sea-walls,  but  makes  no  provision  for  improv- 
ing the  middle  channel,  or  otherwise  interfering  with  the  middle  reefl 

The  third  project,  involving  the  least  expenditui'C  of  money  and  greatly 
ameliorating  the  danger  to  navigation,  essentially  that  recommended  by 
the  advisory  council  to  the  "  commissioners  relative  to  the  encroachments 
and  preservation  of  the  harbor  of  New  York,''  consisting  of  General  Tot- 
teuj  chief  engineer  United  States  army,  A.  D.  Bache,  superintendent 
United  States  Coast  Survey,  and  Commander  (now  Admiral)  Charles 
Henry  Davis,  United  States  navy,  dated  September  3D,  1856,  is  recom- 
mended as  the  best  to  be  undertaken  at  present.  The  estimate  for  this 
project,  giving  a  channel  of  26  feet  at  mean  low  water,  is  $2,877,000,  to 
be  completed  in  four  years.  The  amount  required  for  the  first  year's 
operations,  including  purchase  of  machinery,  will  be  $900,000.  The  entire 
completion  of  the  improvement  to  be  undertaken  as  the  demands  of 
increasing  commerce  shall  warrant. 

General  Newton  enters  minutely  int^  the  method  of  conducting  the 
work,  the  nature  of  the  requisite  machinery,  &c.,  and  his  conclusions, 
derived  from  a  close  and  cai'eful  study  of  the  questions  involved,  are 
commended  to  the  attention  of  the  War  Department. 
Very  respectfully,  your  obedient  servant, 

A.  A.  HUMPHREYS, 

Chief  of  EngineerB. 

Hon.  Edwin  M.  Stanton, 

Secretury  of  War. 


United  States  Engineer  Office, 
JVb.  7  Bowling  OreeUj  yew  York,  January  21,  1867. 

General  :  Having  been  assigned  by  department  letter  of  July  21, 
1860,  to  the  duty  of  examining  Hell  Gate;  and  having  been  further 
instructed  by  letter  of  July  25,  to  make  such  examination  with  the  view  of 
its  improvement  for  the  purposes  of  navigation,  and  sufficiently  in  detail 
tx)  present  a  plan  and  estimate  for  the  necessary  operations,  I  have  the 
honor  to  present  the  following  report : 

Lieutenant  Commanding  C.  H.  Davis,  assistant  in  the  Coast  Survey, 
made  an  examination  of  Hell  Gate  and  a  report,  dated  February  15, 1848. 
He  states,  "  of  the  sailing  vessels  which  enter  Hell  Gate  passage,  it  is 
estimated  that  I  in  50  sustains  more  or  less  injury  by  being  forced 
by  the  \iolence  of  the  current  on  the  rocks  and  shoals.  •  •  •  The 
damages  in  this  channel  arise  from  the  great  strength  of  the  currents, 
and  the  number  and  positions  of  the  rocks  and  reefs.  The  strength  of 
the  current  is  such  that  sailing  vessels  can  only  stem  its  force  or  escape 
from  it  by  a  commanding  breeze  j  but,  as  the  main  course  of  the  fiood 
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tide  keeps  the  middle  of  the  eastera  channel,  it  is  most  secure  for  ves- 
sels coming  from  the  westward  with  the  tide  to  place  themselves  in  the 
middle  of  the  stream  and  follow  its  direotion.       »  »  • 

"  This  plan,  however,  is  inadmissible  for  any  but  small  vessels,  on  ac- 
count of  two  rocks,  the  Pot  and  the  Frying  Pan,  which  lie  in  or  very 
near  the  midchannel,  and  in  the  way  going  to  the  eastward  and  west- 
ward. •  •  •  There  is  a  reef  called  the  Wag's  reef,  which 
lies  in  the  course  followed  by  steamboats  principally  when  coming  from 
the  eastward  against  a  strong  flood.  It  is  their  custom  to  keep  close 
round  Pot  Cove,  and  run  up  under  Hillet's  Point,  by  which  they  avoid 
the  strength  of  the  flood.  In  this  part  they  find  an  eddy  current  in  their 
favor.  But  on  the  ebb,  the  greatest  danger  arises  from  the  divergence 
of  the  current  at  a  point  marked  A  on  the  sketch,  where  the  ebb  tide 
branches  off  into  three  directions,  to  take  the  course  of  the  three  chan- 
nels, and  the  main  south  (ship!)  channel,  the  middle  channel,  and  the 
eastern  channel.  The  safe  navigation  depends  here  upon  deciding  suf- 
ficiently soon,  at  the  point  of  separation,  which  channel  shall  be  taken, 
and  the  neglect  to  do  this,  or  a  loss  of  control  over  the  vessel  for  any 
reason,  frequently  results  in  being  carried  on  the  Gridiron. 

"  When  a  vessel  that  has  attempted  the  eastern  channel  finds  herself 
carried  towards  the  Gridiron,  her  only  chance  for  safety  is  to  run  for  the 
middle  channel,  which  is  narrow  and  made  precarious  by  the  middle  reef, 
the  outer  rock  of  which  is  the  Negro  Head.  The  Gridiron  is,  owing  to 
the  strong  set  of  the  tide  on  it,  the  most  dangerous  reef  in  the  i)assage. 
The  reef  known  as  the  Bread  and  Cheese,  on  the  eastern  end  of  Black- 
well's  island,  is  also  very  dangerous.  Vessels  are  liable  to  go  on  it  in 
the  flood,  when  it  is  covered,  by  getting  into  the  eddy  near  it  with  a 
light  wind.  The  chief  danger  is  on  the  ebb,  and  from  the  same  cause  as 
that  which  makes  the  Gridiron  dangerous,  that  is,  the  strong  set  of  the 
tide  in  that  direction." 

Lieutenant  Commanding  Davis  then  recommends  the  removal  by  blast- 
ing of  Pot  rock,  the  Frying  Pan,  and  Wag's  reef,  and  also  that  the  mid- 
dle reef  be  blasted  so  as  to  make  a  clear  chjinnel  of  sufiicient  depth  for 
common  vessels  and  steamboats  between  Flood  and  Little  Mill  rocks. 
That  piers  be  built  upon  Hog's  Back,  the  Gridiron,  and  Bread  and 
Cheese,  of  stone  sufficiently  high  to  show  above  the  surface  of  the  water 
at  least  four  feet,  and  that  these  piers  be  faced  with  wood,  and  provided 
with  spring  fenders.  The  piers  should  conform  to  the  natural  shape  of 
the  reef. 

Bylander's  reef,  by  the  same  report,  is  dangerously  situated  on  account 
of  the  deep  waters  around  it,  but  no  recommendation,  except  to  mark  its 
X>osition,  is  made.  Lieutenant  Commanding  D.  D.  Porter,  United  States 
navy,  under  date  of  October  30,  1848,  reports  in  favor  of  the  plan  of 
improvement  of  Lieutenant  Davis,  except  the  blasting  of  the  middle 
channel  reef,  which  is  too  difficult,  and  suggests  it  be  entirely  filled  in 
with  docks  provided  with  spring  fenders. 

He  recommends,  likewise,  the  removal  of  certain  small  rocks  not  before 
mentioned:  Bald-headed  Billy,  a  rock  opposite Gibbs's  Point,  and  within 
fifty  yards  of  Blaekwell's  island;  a  small  and  dangerous  rock  south- 
ward of  Woolsey's  bath-house ;  Scaley  rock,  and  close  to  it  Shell  rock. 

Hallet's  Point,  he  states,  should  by  all  means  be  removed.  "At  tide 
it  causes  the  eddies  in  Pot  Cove,  and  on  the  ebb  tide  the  eddies  in  East 
channel."  •  •  •  Toward  the  close  of  his  report :  "  No  one  can 
form  an  idea  of  the  number  of  vessels  that  go  on  shore  during  the 
course  of  a  month.  Fifty  went  on  shore  during  the  period  I  was  occu- 
pied there,  (two  months,)  and  many  of  them  were  much  injured."  He  sug- 
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gests,  likewise,  "a  close  examination  of  the  shore  at  low  water.  Many 
rocks  will  be  found  to  exist  of  a  dangerous  character,  and  they  have  at 
different  times  done  much  damage  to  vessels  of  a  lighter  draught" 

Operations  at  Hell  Oate  to  improve  the  naingation  by  blasting  rockSj  fnm 
August^  1851,  to  December^  1853,  un^der  the  superintendence  of  the  U^ 
E.  Alerrian,  esq.j  and  subsequently  of  the  late  Major  Fra^er^  corps  oj 
engineers, 

Mr.  Merrian,  in  his  letter  of  the  22d  of  December,  1852,  to  General 
Totten,  cbief  engineer  United  States  army,  states:  "When  M.  MaiUe- 
fert  commenced  tiring  on  Pot  rock  the  19th  August,  1851,  there  was  but 
eight  feet  of  water  upon  it.  On  the  3d  of  September  Lieutenant  Bart- 
lett  made  an  examination  of  that  rock,  by  which  it  appeared  that  the 
rock  had  been  reduced  four  and  a  half  feet  by  16  charges.  On  the  18th 
October  Lieutenant  Bartlett  addressed  a  letter,  the  original  draft  of 
which  was  by  him  (i,  e,  Maillefert)  handed  over  to  me,  in  which  he 
stated  that  M.  Maillefert  had  reduced  Pot  rock  to  16  feet,  mean  low 
water.    At  that  date  M.  Maillefert  had  fired  85  charges  ou  Pot  rock. 

"  On  the  2d  and  3d  of  January,  1852.  he  («-.  e.  Lieutenant  Bartlett)  again 
surveyed  Pot  rock,  and  stated,  officially,  that  there  was  19  feet  of  water 
on  Pot  rock.  Up  to  that  date  234  charges  had  been  fired  on  that  rocL 
On  the  27th  March,  1852,  Lieutenant  Bartlett  addressed  to  me  a  letter 
from  Washington,  in  which  he  stated  that  he  had  made  a  survey  of  Pot 
rock  on  the  15th  of  that  month,  and  found  not  less  than  20^  feet  of 
water  upon  it  at  the  shoalest  part:  and  that  it  had  been  reduced  from 
225  feet  length  to  172  feet  length,  and  from  60  feet  width  to  40  feet 
width. 

"From  the  recommencement  of  operations  in  February  to  the  date  of 
this  surv^ey  there  had  been  50  charges  fired  on  Pot  rock,  making  284 
charges  from  the  commencement. 

"It  seemed  reasonable  to  suppose,  if  the  water  on  Pot  rock  had  been 
increased  from  8  to  20J  feet,  and  the  length  reduced  from  225  to  172 
feetj  and  its  width  reduced  from  60  to  40  feet,  by  284  charges,  that  200 
additional  charges  would  complete  its  reduction  to  the  depth  of  24  feet; 
hence  my  estimate  of  September  17,  1852." 

Mr.  Merrian,  in  his  statement  of  operations  on  the  rocks  of  Hell  Gate 
and  East  river,  submitted  to  the  Committee  on  Naval  Affairs  of  the 
United  States  Senate,  August,  1852,  gives  the  following: 

RECAPrrULATION. 


Name. 


Pot  Rock 

Fryinjf  Pan 

Way*H  reef 

Bhelldrake 

Baldbeaded  Billy 

Hoy  t*8  Rocks 

Diamond  reef... 
Hallet'8  Point ... 

Total 


Charges. 


284 

105 

]35 

6 

1 

8 

78 

3 


620 


Pounds  of 
powder. 


Cost. 


34,231 

12,387 

15, 549 

750 

125 

1,000 

9, 750 

400 


74, 192 


16,837  30 

2,116  81 

2,543  66 

110  34 

500  00 

250  00 

1,4*34  42 

69  06 


13,861  59 


Rock  remoTed. 


12i  feet 

9ifeet 

9ifeet 

Sifeet 

Entirely. 

Entirely. 

2  feet. 

No  resnlts. 
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In  the  same  paper  he  gives  the  following  record  of  the  depth  of  water 
upon  the  rock  prior  to  the  comnienceinent  of  his  operations,  and  at  the 
close  thereof: 


Name. 


Pot  Rock 

Frying  Pan.. 
Way '8  reef- .  - 
Shelldrnke  ... 
Diamond  reef 


Depth  at 

close  of 

operations. 

FeU, 

18i 
14i 
16i 

18 


This  reported  increase  of  depth  due  to  blasting  wiU  be  found  exagger- 
ated, though  without  fault  of  Mr.  Merriam,  who  was  deceived  by  the 
official  reports  of  the  surveys.  He  is,  on  the  contrary,  entitled  to  great 
credit  for  the  results  actually  attained,  and  for  the  arduous  and  efficient 
services  which  he  gratuitously  rendered  to  further  an  important  public 
improvement. 

Congress,  in  1852,  having  made  an  appropriation  of  $20,000  for  the 
removal  of  rocks  at  Hell  Gate,  this  operation  fell  uuder  the  charge  of  the 
engineer  department,  and  M^jor  Fraser,  corps  of  engineers,  was  assigned 
to  the  duty.  Major  Eraser  presented  his  preliminary  estimates,  based 
upon  the  depths  given  above.  But  immediately  after  having  surveyed 
Pot  Eock  he  reports,  October  22,  that  instead  of  there  being  20J  feet 
there  was  actually  but  a  little  over  18  feet  of  water  ujion  the  rock. 
This  discovery  showed  a  much  diminished  quantity  of  work  done,  and 
indicated  a  large  increase  of  his  previous  estimate. 

He  recommended  the  removal  of  the  foUowing  rocks :  Pot  Rock,  Fry- 
ing Pan,  Way's  reef,  the  rock  near  Woolsey's  bath-house,  certain  loose 
rocks  near  the  shore,  a  part  of  Hallet's  Point,  and  certain  sharp  points 
at  Negro  head,  in  the  middle  channel.  On  November  10,  1852,  Major 
Fraser  reports  Pot  Rock  to  be,  at  the  24-foot  curve,  220  feet  in  length, 
and  63  feet  across  at  the  widest  part.  His  survey  of  June  28  and  29, 
1853,  shows  a  minimum  depth  on  the  rock  of  21  feet  4  inches  at  low 
water,  jis  the  result  of  firing  800  charges,  at  a  cost  of  $14,963  03.  It  is 
quite  likely  that  100  charges  were  subsequently  fired,  though  no  certain 
record  can  be  found,  and  that  $18,000  nearly  was  devoted  to  blasting 
on  Pot  Rock. 

In  July,  1853,  Major  Fraser  estimated  the  cost  of  removal  of  one  cubic 
foot  of  rock  at  $1  14.  Several  of  his  reports  during  the  fall  of  1853, 
and  the  sketch  of  his  survey  in  October  of  that  year,  appear  to  have  been 
lost. 

The  method  pursued  under  the  superintendence  of  Mr.  Merriam  and 
Major  Frazer  excluded  the  employment  of  diving-bells  or  submarine 
armor,  and  the  charges  of  powder  were  consequently  placed  in  position 
without  that  examination  of  the  bottom  which  would  have  developed  in 
each  charge  its  full  useful  eftect.  The  work  was  finally  suspended  for 
want  of  funds,  and  since  1852  no  appropriation  has  been  made  by  Con- 
gress for  the  removal  of  these  obstructions. 

The  advisory  council  to  the  "commissioners  relative  to  the  encroach- 
ments and  preservation  of  the  harbor  of  New  York,"  consisting  of  Gen- 
eral Totten,  chief  engineer  United  States  army,  A.  D.  Biiche,  superin- 
tendent United  States  Coast  Survey,  and  Commander  Chivvtlft:^  ^•ear^ 
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Davis,  United  States  navy,  made  to  that  body  September  30, 1856,  an 
important  report  upon  the  improvement  of  the  navigation  of  Hell  Gate 
passage,  which  is  to  be  found  on  page  197  of  the  reports  of  the  New  York 
harbor  commission  of  1857,  republished  by  order  of  the  Chamber  of 
Commerce.  A  thorough  survey  of  this  channel  w^as  made  by  Lieutenant 
Commanding  Craven,  assistant  Coa«t  Survey,  and  a  current  chart  pre- 
pared to  illustrate  their  report.  The  advisory  council  recommends  the 
removal  by  blasting  of  Pot  Rock,  Frying  Pan,  Way's  reef,  a  portion  of 
Hallet's  Point,  and  other  rocks  of  minor  (^nsequence.  Baldheaded  Billy, 
BlackwelPs  Rock,  a  rock  near  Negro  Point,  two  east  of  Woolsey's  bath- 
house, and  one  to  the  southward  of  that  building.  The  council  likewise 
recommends  the  closing  of  the  small  channel  between  the  Bread  and 
Cheese  and  the  head  of  BlackwelPs  island,  the  building  of  stone  piers, 
with  spring  fenders,  on  Hog's  Back,  the  Gridiron,  and  Bread  and  Cheese, 
and  the  ere<jtion  of  a  beacon  on  Rylander's  reef. 

The  report  of  Lieutenants  Commanding  C.  H.  Davis  and  D.  D.  Porter, 
and  of  the  advisory  council,  together  with  the  notes  and  extracts  taken 
therefrom,  furnish  a  full  catalogue  of  the  dangers  and  obstructions  to 
this  na^igation,  and  it  is  not  thought  necessary  to  dwell  longer  upon  this 
branch  of  the  subject. 

During  the  present  season  surveys  and  examinations  of  Hallet's  Point, 
Scaly  Rock,  the  Frying  Pan,  and  Pot  Rock  have  been  made,  and  the 
results  given  in  the  sketches  herewith.  An  examination  was  likewise 
made  by  divers  of  the  surfaces  of  Pot  Rock  and  Frying  Pan,  principally 
with  the  view  of  ascertaining  the  feasibility  of  blasting  by  placing  the 
charges  upon  the  rock,  and  although  nothing  special  has  been  elicited, 
the  indications  are  that  some  df  the  blasting  necessary  to  be  done  can 
be  effected  by  simply  placing  the  charge  in  contact  with  the  rock. 

Work  prelected  for  the  improvement  of  the  channel  of  Hell  Oate. 

This  portion  of  the  subject  has  so  frequently  been  discussed  by  officers 
of  distinguished  ability,  whose  reports  are  published,  that  little  further 
remains  to  be  said.  It  is  agreed  that  certain  rocks  in  the  channel,  viz: 
Pot  Rock,  Frying  Pan,  Way's  reef,  Shelldrake,  and  others  nearer  shore, 
viz:  the  rock  of  Negro  Point,  those  near  Woolsey's  bath>house.  Black- 
well's  Rock,  together  with  portions  of  Hallet's  Point  and  of  Scaley  Rock, 
should  be  removed.  Sea-walls  have  been  likewise  recommended  to  be 
built  on  the  Gridiron,  Hog's  Back,  and  on  the  Bread  and  Cheese,  and  a 
stone  beacon  to  be  placed  on  Rylander's  reef. 

To  the  rocks  to  be  removed  may  be  added  the  Heeltap  Rocks,  situated 
off  the  end  of  Great  Mill  Rocks,  which  by  their  position  compel  vessels 
to  make  such  a  circuit  as  to  endanger  their  safe  passage  past  Rylander's 
reef.  To  the  sea-walls  may  be  added  one  upon  Rylander's  reef  and 
another  along  the  17-foot  curye  of  Great  Mill  Rock,  on  the  side  of  the 
middle  channel,  to  mark  the  passage  and  to  sheer  off  vessels. 

The  great  reefs  in  the  middle  of  pass — Flood  Rock,  Kegro  Head,  the 
Gridiron,  and  Great  and  Little  Mill  liocks — have  been  little  noticed  in  any 
scheme  of  improvement,  notwithstanding  they  form  the  greatest  obstacle 
to  the  pass  of  Hell  Gate  being  converted  into  a  highway  for  commerce. 
In  the  existing  state  of  the  art  of  removing  rock  under  water,  the  imag- 
ination was  appalled  at  the  notion  even  of  meddling  with  such  means. 

The  middle  channel  is  narrow,  and  is  rendered  dangerous  by  the  pro- 
jection of  Negro  Head  into  its  lower  outlet.  The  least  improvement  that 
can  be  recommended  in  this  report  should  include  Negro  Head,  and  the 
increase  of  the  widtTn  ol  this  channel  to  about  340  feet,  as  marked  on  the 
map  sent  herewith.. 
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Estimates  are  submitted  for  three  projects. 

The  first  includes  the  removal  of  all  rocks  mentioned  at  the  beginning 
of  this  division  of  the  report,  with  the  construction  of  the  sea-walls,  and 
likewise  provides  for  the  improvement  of  the  middle  channel  and  the 
removal  of  Negro  Head. 

The  second  includes  the  cost,  likewise,  of  the  removal  of  that  part  of 
the  middle  reef  known  as  Negro  Head,  Hen  and  Chickens,  Flood  Rock, 
and  Gridiron,  thus  throwing  the  eastern  and  middle  channels  into  one. 

The  third  includes  the  smaller  rocks  and  the  sea  walls,  and  makes  no 
provision  for  improving  the  middle  channel  or  otherwise  interfering  with 
the  middle  reef. 

With  every  improvement  of  Hell  Gate  the  number  of  vessels  passing 
through  will  increase,  and  the  necessity  for  further  room  will  become 
more  apparent. 

Hell  Gate  now  washes  with  its  waters  the  corporate  limits  of  the  city; 
before  many  years  it  will  form  a  portion  of  the  busy  harbor  of  New  York, 
and  then  will  there  arise  a  demand  for  improvement  to  an  extent  which 
has  not  yet  in  idea  even  been  entertained. 

The  uncertainty  and  slowness  attending  blasting  under  water  has  had 
the  effect  of  diverting  public  attention  from  that  consideration  of  Hell 
Gate  to  which  the  importance  of  the  improvement  is  really  entitled;  and 
it  is  believed,  as  soon  as  the  work  can  be  pushed  in  a  regular  manner 
subject  to  fixed  laws  of  calculation,  like  blasting  on  land,  that  the  extent 
of  improvement  needed  for  the  interests  of  commerce  will  be  the  sole 
limit  to  public  effort  in  this  direction. 

What  extent  of  work  is  really  demanded  now  for  the  future  is  a 
problem  which  more  properly  belongs  for  solution  to  those  representing 
the  interests  of  commerce  in  this  city,  owing  to  their  more  perfect  aequaint- 
ance  with  its  wants  and  capacity.  This  report  does  not  prescribe  these 
limits,  but  the  estimates,  tables,  and  other  information  here  furnished 
will  enable  any  one  to  calculate  the  expense  of  projects  different  from 
those  formally  set  forth. 

Estimates  for  24  and  26  feet  depth  at  mean  low  water  are  separately 
made  in  each  project. 

To  W.  S.  Edwards,  esq.,  assistant  in  the  Coast  Survey,  I  am  indebted 
for  surveys  of  Pot  Rock,  Frying  Pan,  and  the  Heeltap  Rocks,  made  under 
circumstances  of  difficulty ;  and  to  G.  W.  Blunt,  commissioner  of  pilotage, 
for  reliable  information  in  this  and  other  cases  for  the  benefit  of  the 
harbor. 

MODE  OF  CONDUCTING  OPERATIONS. 

The  quantity  of  work  to  be  done,  and  the  consequent  cost  as  shown  in 
the  estimates,  are  so  great  as  to  demand,  before  embarking  largely  into 
it,  that  a  project  for  the  operations  not  only  reasonable  in  itself,  but  sub- 
jected to  fixed  laws  of  calculations,  should  be  presented ;  but  before 
entering  upon  this  subject  it  would  be  well  to  discuss  the  process  already 
employed,  and  ascertain  if  possible  what  the  results  have  been. 

The  improvements  of  Hell  Gate  were  made  by  exploding  charges  of 
powder  placed  upon  the  rock,  no  advantage  being  taken  of  submarine 
apparatus  of  any  kind  to  establish  these  charges  where  the  gieatest 
effects  might  result.  So  long  as  the  rock  was  found  in  isolated  or  sepa- 
rate pinnacles,  this  process,  imperfect  as  it  was,  produced  gi^eat  effects. 
But  when  the  projecting  points  were  knocked  away  and  the  solid  bed  of 
rock  reached,  progress  became  slow  and  doubtful  and  the  cost  great. 
The  small  amount  of  appropriation  granted  by  Congress  having  becw 
exhausted,  the  work  has  since  been  left  in  this  unsaliaiacljOT^  ^V.^\fe. 
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The  rock  blasted  was  supposed  to  have  been  blown  into  deep  water  by 
the  force  of  the  charge,  since  there  was  no  provision  made  for  its  removsd 
by  other  means;  but  it  is  evident  that  such  results  became  very  problem- 
atical when  the  area  of  the  rock  is  increased  and  the  distance  to  which 
the  fragments  should  be  moved  increased. 

No  reliable  estimate  could  be  framed  upon  such  a  process^  even  if  it 
were  sure  to  be  attended  with  final  success,  which  is  more  than  doubtfoL 

The  employment  of  divers,  which  the  small  amount  appropriated  for  this 
improvement  did  not  justify,  would  have  had  a  result  more  satisfactory 
and  perhaps  have  furnished  data  for  calculation.  As  it  is,  for  this  par- 
ticular locality  no  additions  to  our  previous  knowledge  have  been  g^ned. 
The  project  presented  in  this  report  consists  in  first  preparing  the  snr- 
face  for  ulterior  operations  by  blowing  off  the  sharp  points  and  projec- 
tions by  charges  placed  in  position  by  divers,  until  the  rock  is  reduced 
to  a  more  uniform  surfaee,  then  to  blast  the  rock  by  introducing  charges 
into  drill-holes  made  for  the  purpose,  and  to  remove  the  debris  by  divers. 

The  current,  which  has  a  maximum  velocity  of  8.50  miles,  limits  the 
time  of  working  under  water  to  a  little  over  two  hours  per  day,  during 
and  about  the  time  of  slack  water,  and  hence  the  time  and  expense,  uule^ 
some  means  of  shielding  the  divers  and  operators  from  the  force  of  the 
current  can  be  devised,  would  prove  a  serious  objection. 

Even  if  the  persons  using  the  drill  were  protected  from  the  current, 
the  delay  incident  to  this  mode  of  operations  would  be  considerable;  but 
if  the  drilling  were  conducted  from  the  surface  of  a  platform  above  the 
water,  the  same  results  would  be  reached  as  on  dry  land. 

A  platform  of  suitable  size,  with  vertical  sliding  supports  capable  of 
being  raised  or  lowered  through  a  convenient  height,  is  prepared  and 
floated  to  its  position,  supported  on  the  decks  of  two  scows  or  other  floats, 
one  on  each  side.  Arrived  at  the  place  the  floats  are  moored,  the 
vertical  supports  of  the  platform  let  down  to  the  bottom,  securely  fas^ 
ened  to  the  platform,  and  braced  to  each  other  if  necessary.  This  oper- 
ation being  done  at  the  top  of  the  tide,  the  scows  are  floated  away  when 
the  water  falls.  The  supports  to  the  platform  may  be  placed  within  10 
feet  of  each  other,  and  the  weight  of  the  platform,  to  insure  steadiness 
and  stability,  fixed  at  any  desirable  standard. 

The  supports  may  be  lashed  above  and  below  the  platform  to  the 
uprights  placed  for  that  purpose,  and  may  be  wedged  also,  to  prevent 
working. 

To  avoid  the  interference  of  the  currents  with  the  drills,  these  may  be 
made  to  work  in  hollow  iron  cylinders  reaching  from  the  platform  to  the 
rocks. 

A  steam-engine  or  machine  worked  by  hand  can  then  be  applied  to 
the  drills,  and  the  work  pushed  regardless  of  the  currents. 

To  remove  the  rock  blasted  it  will  likewise  be  necessary  to  protect  the 
persons  of  the  divers  from  the  force  of  the  currents,  and  it  is  proposed 
to  do  this  in  the  following  or  similar  mode : 

Two  cylindrical  floats,  of  sufficient  buoyancy,  made  of  boiler  iron,  are 
placed  say  30  feet  from  center  to  center.  Towards  their  extremities 
they  are  inclined  towards  each  other  until  they  meet,  forming  one  float, 
say  160  feet  long  and  40  wide.  Curtains  of  iron,  extending  along  the 
whole  outer  line  of  the  floats,  are  permanently  fastened  at  their  upper 
lines  to  those  floats,  the  lower  end  of  the  curtain  being  attached 
by  falls  to  davits  or  small  derricks  upon  the  floats,  so  as  to  be  lowered 
or  raised  at  will.  These  curtains  are  separated  into  lengths  of  about  20 
feet,  that  eaeh  may  be  managed  independently  of  the  other. 

The  curtains  should  be  flexible,  and  may  be  made  of  plates  of  iron, 
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say  one  foot  wide  and  20  long,  connected  with  those  in  contact  by  hinge 
joints. 

The  floats  being  placed  in  position  and  moored  securely,  the  curtains, 
by  sections,  are  let  down  to  the  bottom,  their  extra  depth  allowing  an 
extent  of  several  plates  to  rest  upon  the  rock.  An  interior  space  of  160 
feet  by  40  on  the  bottom  is  thus  protected,  where  the  divers  can  fill  the 
backets,  which  are  afterwards  raised  and  emptied  into  scows  with  valve 
bottoms,  lying  alongside.  The  debris  is  then  towed  away  and  deposited 
where  desirable. 

There  is  nothing  in  these  expedients  which  suggests  practical  difficulties 
which  skill  could  not  surmount,  and  confidence  is  felt  that  these  or 
similar  contrivances  can  be  relied  upon  to  solve  this  problem.  Before 
work  is  really  undertaken,  trials  should  be  made  and  prosecuted  until  a 
good  result  is  obtained.  There  is  no  doubt  felt  that  the  obsUicle  in  the 
way,  viz.,  the  force  of  the  current,  can  be  neutralized,  and  it  remains 
only  to  decide  whether  the  object  is  worth  the  money  it  wiU  cost,  a  ques- 
tion which  it  is  the  privilege  of  others  to  determine. 

DATA  FOR  THE  ESTEVIATE. 

The  rock  in  the  samples  obtained  contains  an  excess  of  mica,  making 
it  soft  to  the  drill.  The  drill  is  supposed  to  bore  seven  feet  a  day,  though 
it  may  average  10  feet.  The  estimated  cost  of  drilling  includes  mooring 
and  arranging  the  platform,  services  of  men  attending,  of  blacksmiths, 
sharpening  tools,  steel  expended,  services  of  engineer  and  fireman,  coal 
used  in  the  smithery  and  for  the  engine,  services  of  divers  in  arranging 
the  supports  of  the  platform  and  placing  the  drilling  tubes,  labor  of 
unmooring  platform,  &c.    Estimated  cost  per  lineal  foot,  $4. 

The  cost  of  each  charge  includes  the  estimated  cost  of  drilling  the 
rock,  of  the  canister  and  charge,  labor  of  divers  in  placing  the  charge, 
services  of  the  operator,  and  boat's  crew  in  firing,  expense  of  wires,  &c. 
The  small  charges  are  first  placed  in  the  holes  and  split  up  the  rock ; 
the  larger  charges  are  introduced  into  the  crevices  and  seams  thus 
formed,  ajid  complete  the  work  of  breaking  up  the  mass. 

Estimate  for  50-pound  charge  of  gunpowder  $45  80,  drilling  included  : 
estimate  for  150  pound  charge  of  gunpowder  $41  75 ;  estimate  for  5-pouna 
charge  nitroglycerine  $43  04,  drilling  included ;  estimate  for  15-pound 
charge  nitroglycerine  $35  35:  estimate  for  3}^-pound  charge  nitro- 
glycerine $41  03,  drilling  included;  estimate  lor  llj^-pound  charge 
nitro-glycerine  $29  29.  The  sea  wall  on  the  Gridiron  is  intended  to  be 
of  large  cut  blocks,  regularly  coursed.  The  top  is  to  be  four  feet  above 
highest  water.  The  general  height  is  23  feet,  at  certain  points  28  feet, 
and  its  thickness  is  10  feet.  Some  of  the  rock  taken  from  the  channel 
should  be  dei)osited  behind  the  wall  to  the  level  of  low  water  to  form  a 
backing ;  this  can  be  done  without  extra  expense.  The  portion  of  wall 
to  be  laid  under  water  is  first  inclosed  by  a  coffer  work  of  wood,  not 
watertight,  intended  solely  to  protect  the  divers  from  the  force  of  the 
current.  This  expense  is  included  in  the  estimate,  as  well  as  that  of 
forming  a  bed  for  the  foundation.  The  supposed  cost  will  be  $80  per 
cubic  yard.  The  expense  of  this  construction  shoidd  limit  its  employ- 
ment to  the  most  important  cases. 

The  rubble  sea-walls  are  composed  of  stone  thrown  in  loosely  to  the 
level  of  low  water,  but  above  that  to  the  top,  four  feet  above  highest 
water,  a  dry  wall  of  split  uncut  blocks  is  supposed  to  be  laid  by  hand. 
The  loose  rubble  founilation  is  12  feet  wide  at  the  top,  and  the  slope  to 
the  bottom  is  supposed  to  be  one  to  one  and  a  half  or  two.  The  &\u^«t- 
47  w— Part  n 
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structure  is  10  feet  thick  and  11  feet  high.    The  estimated  cost  is  |4  50 
per  cubic  yard  for  the  rubble,  and  $24  for  the  superstructure. 

A  large  estimate  is  necessary  for  machinery,  including  scows,  boat«, 
anchors,  chains,  cordage,  and  liberal  allowance  for  losses,  wear  and  tear, 
arising  from  the  peculiar  nature  of  the  service  required.  Accidents 
from  collisions  and  consequent  repairs,  incident  to  the  strong  currento 
and  the  number  of  passing  vessels,  w^ill  probably  be  frequent  and  should 
be  kept  in  view.  In  this  estimate  every  machine,  scow,  or  boat  is 
intended  for  a  clearly  defined  service.  The  cost  from  this  estimate  of 
blasting  and  removing  each  cubic  foot  of  rock  is  $1  64.  Major  Frafier. 
in  1853,  from  the  results  of  the  process  of  removal  used  by  him,  founa 
the  cost  then  to  be  $1  14  per  foot,  which  at  present  rates  would  be  at 
least  $1  71.  But  Major  Fraser  expended  nothing  for  removing  the  rock 
by  hand,  the  charge  of  powder  being  supposed  to  do  that. 

The  estimate  is  therefore  not  in  excess,  and  is  kept  to  this  low  limit 
by  the  contemplated  use  of  the  proper  machinery. 

TABLE. 


Subject. 

To  a  depth  of  % 

feet  at  mean 

low  water. 

To  a  depth  of  84 

feet  at  mean 

low  water. 

Kfttinnaied  coit  of  first  DFoiect 

$5,723,129  15 

•51,014  00 

1 76, 430  80 

1 141, 745  37 

15,006,579  95 

•4S,536  00 

165,502  00 

1122,075  30 

Amount  saved  by  usin^  drill,  borinfi^  into  rock  at  the 
rate  of  one  inch  per  minute,  including  cost  of  one 
drilling  platform,  wliich  might  be  dispensed  with 

Amount  saved  by  using  uitro-gljcerine  instead  of  gun* 
powder,  when  its  explosive  force  is  estimated  at  ten 
times  that  of  the  latter 

Amount    saved    bv  using  nitro-glycerine  instead    of 
gunpowder,  when  its  explosive  force  is  estimated  at 
13  times  that  of  the  latter 

*  Or  less  than  one  per  cent,    t  Or  one  and  three^tenths  per  cent,    t  Or  leu  than  two  and  a  half  per  cent. 

The  small  proportion  which  an  improved  process  of  drilling  the  rock, 
or  the  use  of  a  more  powerful  explosive  agent,  will  ^ve  in  the  cost,  may 
surprise  many  ;  but  the  cause  is  evident^  viz :  the  small  proportion  of 
the  cost  of  the  whole  blasting  process  to  that  of  the  other  items  of  the 
project. 

The  table  likewise  shows  that  as  a  question  of  cost  this  improve- 
ment is  independent  of  any  particular  form  of  improveil  machinery  for 
drilling,  or  special  explosive  agent,  leaving  to  the  government  fiill  lib- 
erty of  choice  in  these  respects.  For  the  sake  of  the  men  employed 
upon  such  works,  no  compound  should  be  used  which  is  liable  to  explode 
spontaneously,  or  from  causes  beyond  the  control  of  ordinary  careful- 
ness. 

Certain  conclusions  may  here  be  concisely  stated : 

1.  Any  reasonable  hope  of  effecting  this  improvement  depends  upon 
the  rejection  of  misty  and  fanciful  schemes^  which  cannot  be  brought 
within  the  rules  of  ordinary  calculation.  This  report  has  attempted  one 
method  of  solution,  and  it  is  hoped  many  better  may  be  found. 

2.  It  was  necessary,  in  framing  the  estimate,  to  make  just  and  liberd 
allowances,  and  to  provide  for  contingencies  and  accidents  attending 
operations  not  only  difficult  in  themselves,  but  also  little  assisted  by 
data  derived  from  auy  source.    On  the  otner  hand,  there  is  no  doubt 
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bat  a  serioas  and  well-considered  attempt  to  push  the  work  will  be  the 
leans  of  stimulating  mechanical  inventions  suited  to  this  end,  which, 
rith  the  experience  gained  from  day  to  day,  will  not  only  expedite  the 
»rogre8s,  but  also  materially  diminish  the  cost,  especially  in  the  large 
bem  of  removing  the  rock. 

3.  The  precise  depth  to  be  attained  will  be  dependent  not  only  upon 
he  present,  but  upon  the  future  draught  of  vessels.  On  this  point  it 
aust  be  considered  that  this  is  the  only  channel  leading  to  New  York 
rhere  additional  depth  could  be  gained,  and  a  liberal  standard  in  ftxing 
his  would  be  best,  since,  if  error  be  committed  in  the  opposite  extreme, 
he  cost  of  remedy  would  nearly  if  not  quite  equal  that  of  the  first 
operation. 

4.  A  re-survey  of  the  rocks  obstructing  the  passage,  to  fix  their  pre- 
;ise  outlines,  is  very  necessary.  The  Coast  Survey  office  intend  to  begin 
his,  it  is  understood,  in  the  spring.  A  marked  difference  in  the  char- 
icter  of  Fryiug  Pan  and  Heeltap  rocks  may  be  seen  by  comparing  the 
general  map  sent  herewith  with  the  last  partial  surveys  of  Mr.  W.  S. 
Sd wards,  assistant  Coast  Survey.  A  modification  of  the  position  of  the 
^all  on  Hog's  Back  and  Holmes's  Bock  may  result  from  a  new  examina- 
ion. 

Respectfully  submitted. 

JOHN  NEWTON, 
Lt  Col,  Engineers  and  Brevet  Major  General  U.  S.  A. 

Brevet  Major  General  A.  A.  Humphreys, 

Chief  of  Ungineers  U.  8.  Army^  Wa^hington^  D,  C. 


Table  gkomug  quantities  of  rock  to  be  blasted  and  removed  from  certain  lacaHiies,  8fc, 


Loealitj. 


"kptk  increased  to  26  Ai  nuanlow  water. 


>otRock , 

'rylng  Pan 

Va7*«  reef  and  Shelldrake 

le«ltap , 

f egro  Head  and  Middle  channel 

lock  off  Negro  Point 

(calyRock  

laUet'«  Point 

Jen  and  Cbicken,  Flood  Rock,  Grid- 
iron, Ntyro  Head,  and  Middle  chan- 
nel  


O^lk  inereaeed  to  34yi.,  moan  Una  water. 


Pot  Rock 

drying  Pan 

Wa,y'%  reef  and  Shelldrake 

iateltap 

He^ro  Head  and  Middle  channel 

iock  off  Negro  Point  * 

Jcalj  Rockt 

iallefu  Poli.t 

ien  and  Chicken.  Flood  Rock,  Orid- 
iroo,  Negro  Head,  and  Middle  chan- 
nel  


o 

I 


153 
180 
101 
285 

3,248 

21 

121 

1,399 


6,806 


152 
120 
lOL 
114 
2,240 


1,399 
5,800 


X  to 

a'9 
« 

a 


1,064 

1,940 
707 

1.896 

22,736 

144 

847 

9,790 


47,656 


1. 


064 
840 


707 

800 

15,680 


9,790 
40,600 


at  "O 

i 


41.850 
48.450 
27,850 
74,250 

893.200 

5,550 

33,350 

369,950 


1,914,000 


40,000 
30.000 
27.850 
28,200 
724,000 


369,650 


1,595,200 


s., 


V 


387 
443 
253 
685 

8,120 

51 

903 

3,399 


17,296 


368 
280 
253 
264 
6,320 


3,399 


14,500 


I 


I 

£ 


320 
372 
212 
569 

6,821 

43 

354 

2,937 


14,296 


330 
252 
S12 
240 
4,704 


2,937 


18,180 


§ 

if 

t 

< 


12,135 

12,475 
6.800 

33,000 

276,800 

1,400 

8,500 

73,800 


486,800 


10,000 

9.0J0 

6,900 

9,000 

196,000 


I" 


33.500 

51,679 

44,900 

53,000 

1, 456, 400 

7,700 

49.300 

841,030 


4,273,000 


10,971 
30,000 
31,800 
29,500 
994,000 


73,000 


333,000 


775,330 


3, 515, 600 


*  To  obtain  a  depth  of  20  feet  at  mean  low  water. 


t  To  cm  off  ita  projection  into  the  channeL 
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Estimate. 


Designation  of  work  and  materials. 


FIRST  PROJECT— SIX  YEARS*  OPERATIONS. 


To  secure  a 

depth  of  26  feet 

at  mean  low 

water. 


To  see^nvi 
depth  of  :i5  feet 
at  mean  low 
water.    . 


tine  and  removing  rock,  viz  :  Pot  Rock,  Frying  Pan, 
ay*8_reef,  Sbelldrake,  Heeltap,  rock  off  Negro  Point, 


Blast! 
Way 
Scaly  Rock,  and  Hallet's  Point-^ 

2»259  50-pound  charges,  at  $45  80 

4»661  150-pound  charges,  at  $41  75 

2,028  50-pound  charges,  at  $45  80 

4,289  150-pound  charges,  at  $41  75 

Removing  1,080,405  cubic  feet,  at$l. 

Removing  934,(jU]  cubic  feet,  at$l 

Blasting  and  removing  rock,  viz.,  Negro  Head,  and  deep- 
ening and  increasing  the  width  of  the  middle  channel — 

3,248  50-pound  charges,  at  $45  80 

4,872  150-pound  charges,  at  $41  75 

2,240  50-pound  charges,  at  $45  80 

4,080  150-pound  charges,  at  $41  75 

Removing  1 ,456,400  cubic  feet.  at$l   

Removing  994,000  cubic  feet,  at$l 

Sea-wall  of  cut-stone  along  the  Hen  and  Chicken,  Flood 
Rock,  and  the  Gridiron,  including  preparing  bed  for 
foundations,  and  breakwater  of  wood  to  protect  the  work- 
men from  the  force  of  the  currents,  1,14U  feet  long,  10  feet 
wide,  20  to  28  feet  high,  top  4  feet  above  high  water,  viz : 

104)00  cubic  yards,  at  ^ 

Rubble  sea-v\  all,  finished  on  top  with  large  blocks  laid  by 
liand,  750  foet  long,  along  tne  12- feet  curve  of  Hog's 
Back  and  Holmes's  Rock,  viz: 

10i,056  cubic  yards  of  dry  rubble,  at  $4  50 

3,052.5  cubic  yards  of  stone  masonry,  at  $24 

Rabble  sea-wall,  as  before,  along  the  17-feet  curve  of  Great 
and  Little  Mill  Rocks  next  the  middle  channel,  450  feet 
long,  viz: 

15,66.  cubic  yards  of  dry  rubble,  at  $4  50 

1,831 .5  cubic  j^rds  of  stone  masonry,  at  $24 

lEabble  dike,  as  above,  closing  the  channel  between  Bread 
and  Cheese  and  the  end  of  Blackwell's  island,  250  feet 
long,  viz: 

2,250  cubic  yards  of  dry  rubble,  at  $4  50 

1.017.5  cubic  yards  of  stone  masonry,  at  $24 

Rubble  sea-wall,  as  above,  along  the  12-feet  curve  of  Bread 

And  Cheese,  210  feet  long,  viz : 

2.952.6  cubic  yards  of  dry  rubble,  at  $4  50 

854.7  cubic  yards  of  stone  masonry,  at  $24 

Rubble  sea  wall,  as  above,  along  the  12-feet  curve  of 

Ry lander's  reef,  210  feet  long,  viz: 

3,729  cubic  yards  of  dry  rubble,  at  $4  50 

854.7  cubic  yards  of  stone  masonry,  at  $24 

MACHINERY. 


$103, 462  20 
194,596  75 


1,080,405  00 


148,758  40 
208,406  00 


1,456,400  00 


800,000  00 


One  iron  floating  current-breaker,  160  feet  long 

One  iron  floating  current-breaker,  100  feet  long 

Two  floating  derricks 

One  scow,  with  50  feet  mast  and  hoisting  gear 

Six  scows,  60  feet  long , 

Two  scows,  each  60  teet  long,  with  valve  bottoms , 

Sixteen  scows,  each  30  feet  long 

Six  small  boats 

Two  drilling  platforms 

Ajicbors,  chains,  buoys,  hawsers,  tow-lines,  fasts,  falls,  and 
laahings 


$92,8tS40 
179,065  79 


934,601  UO 


102,590  00 
169,340  00 


994,000  00 


800,000  00 


45, 252  00 
73,260  00 

45,252  00 

73,260  00 

70, 470  00 
43,956  00 

70, 470  00 
43,956  00 

9,990  00 
24,420  00 

9,990  00 
24,420  00 

13,286  70 
20,512  80 

13,286  70 
20, 512  60 

16,780  50 
20,512  80 

16,780  50 
20, 512  W 

* 

150, 000  00 

110,000  00 

30,000  00 

5,000  00 

18,000  00 

7,000  00 

35,200  00 

1,800  00 

80,000  00 

150,000  00 

110,000  00 

30,000  00 

5,000  00 

18,000  00 

7,000  00 

35,200  00 

1,800  00 

80,000  00 

37,000  00 

37,000  00 
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Estimate — Continued. 


Desi^atioD  of  work  and  materials. 


Machinery — Continued.  ^ 

ipairs  of  machinery^  dae  to  wear  and  tear  and  collisions 
with  vessels,  loss  of  anchors  and  chains,  and  replacement 
of  rope,  for  six  jears*  service,  heing  about  60  per  cent. 
of  the  prime  cost 


CONTINGENT  AND  GENERAL  SERVICE. 

vo  clerks,  at  $130  each |3, 120  per 

wo  draughtsmen,  at  $130  each 3, 120 

le  messenger,  at  $60 720 

sntof  office 1,500 

cpenses  of  office 1, 200 

wo  chief  divers,  at  $:M  each 7, 600  ten 

le  master  mason,  at  $150 ],800 

le  overseer  of  laborers,  at  $120 1 ,  440 

le  master  blacksmith,  at  $120 1,440 

le  master  carpenter,  at  $120 1 ,  440 

le  rigger,  at  $100 1,200 

le  storekeeper,  at  $120 1 ,  440 

mr  sub-overseers,  at  $60  each 2, 880 

c  night-watchmen,  at  $50  each  ....       3, 600 

>rty  laborers 18,960 

iree  tugs,  at  $50  per  day 33,000 


annum. 

do 

do 

do 

do 
months. 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 


84, 460  six  years  = 

tase  of  ground  for  storehouses 

mstruction  of  wharf  and  repairs 

harf  derrick 

mstruction  of  storehouses,  magazines.  &,c 

asting  and  removing  certain  small  rocks,  viz :  Bald- 
head^  Billy,  Blackweirs  Rock,  rocks  near  Woolsey's 
bath-house 


Total  for  improvement  by  first  project 

SECOND  PROJECT— TEN  YEARS*  OPERATIONS. 

ital  for  improvement  by  first  project 

Id  to  amount  of  first  project  the  cost  of  removing  Negro 
Head,  Flood  Rock,  Hen  and  Chicken,  and  the  Gridiron, 
increased  by  extra  repairs  and  replacement  of  machinery 
and  increased  contingent  services  for  ten  instead  of  six 
years,  and  diminished  by  cost  of  removing  Negro  Head 
and  improving  the  middle  channel,  and  of  cut-stone  sea- 
wall designed  for  the  Gridiron,  viz.,  amount  to  be  added. 


Total  for  improvement 

THIRD  PROJECT— FOUR  YEARS'  OPERATIONS. 

nitting  all  improvement  of  the  middle  channel,  with  cor- 
responding diminution  of  cost,  and  decreased  wear  and 
tear  ofmachinenr  and  of  contingent  services,  viz.,  amount 
to  be  deducted  from  the  cost  of  first  project 


Total  for  improvement 


To  secure  a 

depth  of  26  feet 

at  mean  low 

water. 


$281, 400  00 


To  secure  a 

depth  of  25  feet 

at  mean  low 

water. 


506,760  00 

25,000  00 

42,000  00 

3,500  00 

15, 000  00 


50,000  00 


5,723,129  15 


5, 723, 129  15 


2,7C9,516  00 


8,692,645  15 


2, 876, 324  40 


2, 846, 804  75 


$281,400  00 


506, 760  00 

25, 000  00 

42,000  00 

3,500  00 

15,000  00 


50, 000  00 


5, 008, 579  95 


5, 008, 579  95 


2, 729, 3^  00 


7,737,974  95 


2, 333, 650  00 


2,674,929  95 


JOHN  NEWTON, 
Lieutenant  Colond  of  Engineers,  Brevet  Major  Gentrol  U.  ^.  A. 
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0  5. 

Headquarters  Corps  of  Engineers, 

Washington  J  D.  C,  March  5, 1868. 

Sir  :  The  reaolntion  of  the  Senate  of  the  United  States  of  the  4th 
ultimo,  requesting  the  Secretary  of  War  "  to  communicate  to  the  Senate 
an  estimate  of  the  expense  of  removing  the  three  reefs  known  as  Bat- 
tery reef,  Diamond  reef,  and  Coenties  reef,  in  the  East  river,  New  York 
harbor,''  referred  te  these  headquarters  for  report,  is  herewith  returned, 
with  a  copy  of  the  report  of  Lieutenant  Colonel  and  Brevet  Major  Gen- 
eral John  Newton,  corps  of  engineers,  to  whom  the  matter  was  in- 
trusted.   His  views  are  concurred  in. 

The  estimated  cost  of  removal  of  the  reefs  in  question  is  as  follows, 
viz: 

For  their  removal  to  a  depth  of  24  feet $463, 145  00 

For  their  removal  to  a  depth  of  22J  feet 299,370  00 

Attention  is  invited  to  the  letter  from  these  headquarters  of  this  date 
in  relation  to  the  removal  of  obstructions  from  Hell  Gate,  and  it  is  sug- 
gested, in  order  that  the  necessary  machinery  may  be  applied  to  all  the 
works,  that  a  general  appropriation  be  made  (to  be  expended  upon  each 
of  the  obstructions  in  such  order  as  circumstances  may  require)  for  the 
first  year,  of  $500,000. 

Very  respectfully,  your  obedient  servant, 

A.  A.  HUMPHREYS, 
Brigadier  Oeneral  of  Engineers^  cammanding. 
Hon.  E.  M.  Stanton, 

Secretary  of  War. 


0  6. 

United  States  Engineer  Office, 

395  Canal  Street^  New  Torkj  March  2, 1868. 

General:  Having  been  required  to  make  estimates  for  the  removal 
of  Battery  reef.  Diamond  reef,  and  Coenties  reef,  I  have  the  honor  to 
submit  the  following  report: 

BATTERY  REEF. 

This  reef  is  in  reality  a  shoal  formed  of  successive  deposits  from  the 
currents.  The  existence  of  rock,  except  in  the  form  of  ballast  stone 
thrown  overboard,  has  not  been  determined.  As  it  was  not  contemplated 
to  make  surveys  and  observations  at  this  time,  I  have  simply  to  avail 
myself  of  the  results  of  those  already  furnished. 

The  published  comparative  chart  of  the  lines  of  1837  and  1855  shows 
during  this  interval  a  considerable  advance  of  the  18  and  24  feet  curves 
into  the  channel  within  limits  included  between  Castle  Garden  and 
Whitehall.  This  projection  of  the  shoal  seems  to  be  coincident  with  the 
erection  of  a  rubble  wall  nearly  in  the  line  of  the  present  Battery  wall. 

The  published  comparative  chart  of  1855  and  1859,  during  which  in- 
terval the  Battery  extension  attained  considerable  development,  shows 
no  general  advance  of  the  18  and  24  feet  curves  into  the  channel,  though 
there  was  a  considerable  deposit  during  this  period,  particularly  in  the 
re-entering  between  Pier  No.  1,  North  river,  and  the  branch  of  the  18-foot 
curve  just  south,  oi  Ca&t^ft  Qtai^'eoL* 
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The  comparative  chart  of  1859  and  1867,  during  which  interval  the 
Battery  extension  had  been  virtually  completed,  shows  no  increase  of 
the  8hoal  channelwards,  except  a  small  salient  projection  of  the  24  and 
18  feet  curves  of  the  shoal  of  1867  beyond  the  cori'esponding  curves  of 
the  former  date. 

The  comparison,  however,  shows  a  general  receding  of  the  24,  18,  and 
12  feet  curves  of  1867,  a  diminution  of  the  size  of  the  shoal,  and  a  general 
increase  of  its  depth,  indicating  a  favorable  current  action  and  a  gradual 
return  to  the  state  of  things  existing  before  the  Battery  extension  was 
inaugumted.  "fhe  survey  of  1867  does  not  embrace  the  space  between 
Castle  Garden  and  Pier  No.  1,  and  therefore  the  change,  if  any,  in  this 
re-entering  angle  is  not  known.  The  comparative  chart  of  1859  and 
1867  is  sent  herewith. 

The  Battery  shoal  is  due,  primarily,  to  the  meeting  at  this  point  of  the 
ebb  currents,  and  to  the  dividing  of  the  flood  currents  of  the  East  and 
North  rivers ;  secondly,  in  my  opinion,  to  the  great  projection  of  Pier 
No.  1,  North  river,  beyond  the  line  of  shore;  and  thirdly,  to  the  Bat- 
tery extension,  and  to  the  careless  mode  of  eflfecting  it,  whereby  large 
quantities  of  material  were  washed  oft'  and  deposited  on  the  shoal.  But 
the  influence  of  the  Battery  filling,  beyond  a  decrease  of  depth  on  the 
shoal  and  the  formation  of  lumps,  has  not  been  materially  felt  in  the 
advance-  of  the  shoal  towards  the  channel.  The  indications  of  the 
survey  of  1867  were  favorable  as  to  the  probable  effect  of  dredging  in 
removing  the  point  of  the  shoal.  The  space  to  be  dredged  lies  between 
the  projected  22  and  18  feet  curves,  represented  on  the  tracing  of  1867 
in  broken  and  dotted  lines.  It  is  impossible  to  state  whether  all  the 
space  dredged  will  ultimately  be  a  gain,  but  the  removal  of  the  point  of 
the  shoal  would  probably  be  permanent. 

ESTIMATE. 

Dredging  37,000  cubic  yards,  at  35  cents $12, 950 

Contingencies 1, 295 

Total 14, 245 


And  a  smaller  sum  than  the  above,  devoted  only  to  cutting  away  the 
outer  boundary  of  the  shoal,  would  likewise  be  beneficial. 

DIAMOND  REEF. 

This  reef,  situated  in  the  channel  between  Governor's  island  and  the 
Batter^^,  has,  at  the  24-foot  curve,  a  length  of  366  feet  and  a  maximum 
width  of  255  feet. 

The  information  obtained  from  the  various  surveys  and  examinations 
is  very  discrepant. 

The  last  examination,  in  1867,  made  for  the  Chamber  of  Commerce, 
limits  the  amount  to  be  removed  mainly  to  three  comparatively  small 
lumps  in  the  reef,  upon  which  the  minimum  depth  at  low  water  is  18  feet. 

Of  the  Coast  Survey  charts  of  this  reef,  that  of  Lieutenant  Command- 
ing Craven  of  1855  is  the  most  elaborate  and  detailed,  and  is  entitled, 
for  these  reasons,  to  superior  consideration  for  the  purposes  of  this  esti- 
mate. 

M.  Maillefert  fired  upon  this  reef  74  charges,  at  an  expenditure  of 
$1,400  in  round  numbers.  His  operations  were  suspended  for  want  of 
funds,  and  resulted  in  reducing  the  depth  of  the  highest  portions  of  ttv^ 
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reef  from  13J  feet  to  18  feet  at  low  water.  The  examination  of  1867,  if 
reported  correctly,  would  prove  either  that  an  incredible  quantity  of 
work  was  eftected  by  this  small  sum,  which  no  one  has  claiin^  for  it,  or 
else  that  Lieutenant  Craven's  chart  is  entirely  in  error. 

The  examination  of  1867,  besides,  was  not  carried  sufficiently  far— it 
being  perfected  in  four  hours — to  present  a  good  delineation  of  the  reef; 
nor  is  the  reduction  of  the  soundings  reliable,  this  having  been  done  not 
by  comparison  with  Coast  Survey  standard  of  mean  low  water,  bat  by 
estimate. 

For  the  above  reasons,  and  for  want  of  more  recent  and  detailed  sur- 
veys, I  am  compelled  for  the  purpovses  of  this  estimate  to  rely  upon  the 
general  correctness  of  Lieutenant  Craven's  survey,  but  have  supposed 
that  the  minimum  depth  at  low  water  was  not  less  than  20  feet. 

This  supposition  would  more  than  compensate  for  any  portions  removed 
by  previous  blasting. 

Two  separate  estimates  are  made,  one  for  removal  to  a  depth  of  24 
feet  at  mean  low  water,  the  other  to  a  depth  of  22  feet  low  water  at 
spring  tides,  corre8|K)nding  nearly  to  22J  feet  at  mean  low  water. 

It  is  a  serious  question  whether  any  portion  of  the  harbor  in  mid-chan- 
iiel  should  have  a  less  depth  than  24  feet  at  mean  low  water,  whether 
the  present  demands  of  commerce  actually  require  it  or  not. 

The  area  of  rock  to  be  removed,  included  within  the  24-foot  curve,  is 
67,700  square  feet,  and  within  the  22J-foot  curve,  45,800  square  feet 
The  quantities  of  rock  to  be  removed  corresponding  to  these  depths 
are,  respectively,  157,400  and  74,050  cubic  feet. 

COENTIES  REEF. 

This  reef  is  600  feet  from  Coenties  slip  pier.  Work  was  undertaken 
on  it  by  the  New  York  Submarine  Engineering  Company  in  1801  and 
1863,  under  contract  with  the  New  York  city  authorities,  until  it  was 
finally  suspended,  owing  principally,  as  alleged,  to  continual  losses  and 
accidents  due  to  collisions  from  passing  vessels. 

I  have  obtained  from  Mr.  Thomas  Bland,  the  secretary  of  the  company, 
a  sketch  showing  the  amount  of  work  done,  and  this  quantity,  as  closely 
^  as  it  could  be  a^certainetl,  is  deducted  from  that  which  was  obtained  from 

Lieutenant  Craven's  chart. 

This  reef  is  250  feet  long  and  130  wide.  The  area  tx)  be  removed  at 
the  24-foot  curve  is  19,000  square  feet,  and  at  the  22J-foot  curve,  12,400. 
The  quantity  of  rock  would  be,  respectively,  56,900  and  31,900  cubic  feet 

I  decidedly  recommend,  as  in  the  case  of  Diamond  reef,  that  it  be  ex- 
cavated to  a  depth  of  24  feet  at  mean  low  water. 

The  removal  of  both  Diamond  and  Coenties  reef  I  consider  of  great 
<        importance  to  the  harbor  of  New  York. 

The  surveys  of  Lieutenant  Craven,  which  were  primarily  intended  for 
purposes  of  navigation,  and  fully  adequate  to  the  end  in  view,  are  not 
however  specially  suited  to  the  object  of  determining  the  shai>e  and  con- 
tents of  the  rock  to  be  removed,  and  I  recommend,  before  work  be 
commenced,  that  another  survey  be  made.  The  results  of  this  may  be 
importiint  in  modifying  the  estimates  drawn  from  the  present  sources  of 
information,  or  at  least  in  clearing  up  doubts  as  to  the  correctne^  of  the 
quantities  assumed. 

The  experience  of  the  company  who  operated  upon  Coenties  reef  has 
been  to  demonstrate  the  necessity  of  a  suitiible  protection  against  colli- 
sions with  passing  vessels  for  the  men  at  work.  The  company  used  large 
booms,  framed  in  the  shape  of  a  lozenge,  and  to  include  the  space  ope- 
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rated  apon;  but  this  device  was  found  to  be  entirely  insufficient  for  the 
security  of  life  and  property. 

As  a  part  of  the  estimate,  therefore,  it  will  be  necessary  to  provide  for 
the  cost  of  such  protection,  which  in  the  simplest  form  would  appear  to 
be  four  strong  barges  or  hulks,  moored  to  surround  the  desired  space. 

This  outlay,  which  would  answer  for  both  reefs,  may  amount  to  between 
$35,000  and  $40,000. 

ESTIMATE — ^DIAMOND  REEF. 

Removal  to  24  feet  mean  low  water,  amount  asked  for,  $309,400. 

Removal  to  22J  feet  mean  low  water,  $185,125. 

On  account  of  machinery,  protection  against  collisions,  and  other  inci- 
dental expenses,  the  removal  of  the  smaller  amount  of  rock  would  cost 
proportionally  more. 

COENTIES  REEF. 

Removal  to  24  feet  mean  low  water,  amount  asked  for,  $139,900. 

Removal  to  22^  feet  mean  low  water,  $100,000. 

I  respectfully  propose,  in  asking  for  appropriations,  that  the  amount  be 
appropriated  in  gross:  t.  a.,  so  much  for  Battery  shoal,  Diamond  reef, 
and  Coenties  reef,  without  naming  the  sum  for  each;  and  if  the  sum  asked 
for  Hell  Gate  could  be  included  in  the  same  general  appropriation,  viz., 
for  removing  aforementioned  rocks  and  Pot  ]^ck.  Frying  Pan,  and  Shell- 
drake,  it  would  be  convenient.  I  do  not  desire  that  the  contractors 
should  have  the  benefit  of  knowing  what  amounts  are  estimated  for  each 
part  of  the  work. 

By  including  the  rocks  at  Hell  Gate  in  one  bill  with  the  others,  the 
machinery  would  be  transferable  from  one  rock  to  another,  and  the  cost 
of  preliminary  trials  and  of  valuable  experience  would  be  distributed,  as 
it  ought  to  be,  among  all,  instead  of  being  charged  to  one  rock,  as  it  would 
be  in  the  other  alternative. 

Respectfully  submitted. 

JOHN  NEWTON, 
Lieut.  CoL  of  Engineers  and  Brevet  Major  General  U.S.A. 

Brevet  Major  General  A.  A.  Humphreys, 

Chief  of  Engineers  U.  8.  A.j  commanding  Corps  of 

Engineers,  Washington^  D.  C. 


APPENDIX  P. 

Engineer  Office  United  States  Army,  ^ 

Newport  J  Rhode  Isl^xndj  August  8,  1868. 

General:  In  compliance  with  circular  dated  headquarters  corps  of 
engineers,  Washington,  D.  C,  June  10,  1868,  I  have  the  honor  to  sub- 
mit the  following  annual  report  of  progress  on  the  works  of  river  and 
harbor  improvements  in  my  charge  for  the  fiscal  year  ending  June  30, 
1808. 

improvement  of  providence  river,  RHODE  ISLAND,  OFF  PAWTUXET 

BAR  AND  AT  THE  "  CROOK." 

The  operations  on  this  river  have  been  confined  for  the  past  year  to 
deepening   and  widening,  by  dredging,  the  channel  at  tbe  "  Ctwi^s.^ 
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whic^  was,  previous  to  the  dredging,  a  bend  in  the  channel  very  incon- 
venient to  navigation,  especially  as  vessels  are  comi)e11ed  to  anchor  in 
the  channel. 

By  widening  and  deepening  the  channel  vessels  are  able  to  make  a 
direct  course  from  the  lower  harbor  into  the  river,  and  the  anchorage 
ground  has  been  considerably  enlarged.  Vessels  are  now  enabled  to 
carry  12  feet  at  low  water  up  to  the  Fox  Point  wharf.  The  work  of 
dredging  was  commenced  May  10.  1867,  and  ended  September  25, 1867. 
Total  expenditures  on  this  work  ^25,000,  the  amount  of  the  appropria- 
tion, of  which  $2,000  was  expended  in  raising  a  sunken  wreck  off  Paw* 
tuxet  bar.  In  regard  to  future  expenditures  in  the  improvement  of  this 
river  it  is  simply  a  question  of  widening  and  deepening  the  channel  to 
adapt  it  to  the  growing  wants  of  commerce.  The  harbor  of  Providence 
is  very  contracted,  and  inadequate  to  the  future  wants  of  the  city.  That 
portion  of  the  river  above  Fox  Point  wharf,  where  are  now  the  principal 
wharves,  is  narrow  and  shallow,  although  much  has  been  done  hy  the 
city  within  the  last  few  years  towards  its  improvement. 

As  the  commerce  of  the  place  increases  it  will  be  necessary  to  extend 
the  wharves  to  the  lower  harbor,  where  there  is  ample  room,  but  owing 
to  the  shoal  water  new  channels  will  have  to  be  excavated.  An  annual 
expenditure  of  $10,000  could,  I  think,  be  judiciously  expended  in  the 
improvement  of  this  harbor,  and  would  meet  the  requirements  of  com- 
merce. This  expemliture  should  be  limited  to  the  lower  harbor,  t.  e., 
below  Fox  Point  wharf. 

In  regard  to  the  points  especially  called  for  by  the  circular  referred  to, 
I  have  to  report  as  follows : 

Providence  river j  Rhode  Island. 

3.  $10,000. 

4.  Providence  district. 

5.  Providence,  Ehode  Island. 

6.  $164,097. 

7.  Same  as  stated  in  report  of  last  year,  except  that  the  number  of 
vessels  arriving  was  5,261. 

8.  None  during  the  year. 

9.  None  during  the  year. 

10.  None  during  the  year. 

11.  On  hand  June  30,  1867 $5,000 

Gash  received  during  fiscal  year  ending  June  30,  1868 18, 000 

23,000 

Cash  expended  during  fiscal  year  ending  June  30,  1868 23, 000 

Amount  avilable  June  30,  1868 

Amount  required  for  year  ending  June  30,  1870 10, 000 


IMPROVEMENT  OF  PAWTUCKET  EIVEB,  RHODE  ISLAND. 

The  operations  on  this  river  have  consisted  in  dredging,  so  as  to 
obtain  a  depth  of  six  feet  at  mean  low  water. 

The  appropriation,  $17,000,  was  found  insufficient  to  complete  the 
work,  which  was  suspended  in  December  last.  An  additional  amount  of 
$8,000,  to  be  expended  the  present*  season,  was  asked  for,  but  has  not 
yet  been  received.    Should  nothing  be  done  this  season,  it  is  probable 
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that  a  greater  amount  will  be  required  next  season,  and  in  that  case 
I  would  recommend  the  sum  of  $15,000,  which  can  be  judiciously 
expended.  There  is  good  reason  to  believe  that  this  channel,  once 
opened,  will  be  maintained  by  the  passage  of  propellers  which  are 
engaged  in  towing  up  and  down  the  river. 

In  regard  to  the  points  specially  called  for  by  the  circular,  I  have  the 
honor  to  reiK)rt  as  follows : 

3.  $15,000 — provided  no  work  is  done  this  season. 

4.  Providence  district. 

5.  Providence,  Rhode  Island. 

6.  $164,097. 

7.  Same  as  last  year. 

8.  None  during  the  year. 

9.  None  during  the  ye^r. 

10.  None  during  the  year. 

11.  On  hand  June  30,  1867 $3,000  00 

Cash  received  during  the  fiscal  year  ending  June  30, 1868. . .  13, 900  00 

16, 900  00 
Gash  exi)ended  during  the  fiscal  year  ending  June  30, 1868. .  16, 542  50 

Balance  on  hand  June  30, 1868 357  50 

Amount  in  United  States  treasury  June  30, 1868 100  00 

457  50 

Amount  required  for  year  ending  June  30, 1870 15, 000  00 


It  is  probable  that  future  exx)enditures  may  be  necessary  to  maintain 
the  channel  of  this  river  or  to  increase  its  depth  to  adapt  it  to  the 
increasing  demands  of  trade,  but  no  amount  is  now  recommended,  as 
the  present  wants  will  be  met  by  the  completion  of  the  channel,  and  it 
is  impossible  now  to  say  what  will  in  future  be  necessary. 

IMPROVEMENT  OF  THAMES  RIVER,  CONNECTICUT. 

The  operations  on  this  river  have  consisted  in  dredging  a  channel  so 
as  to  give  a  depth  of  14  feet  at  high  water.  The  original  plan  contem- 
plated a  channel  100  feet  in  width.  This  plan  has  been  deviated  ftt)m 
at  the  upper  end  of  the  work,  just  below  the  junction  of  the  Shetucket 
and  Quiunebaug  rivers,  the  tributaries  of  the  Thames,  where  the 
channel  has  been  widened  to  200  feet.  This  was  found  necessary  in 
order  to  allow  a  freer  flow  for  the  waters  of  these  streams  during  heavy 
freshets,  and  to  prevent  the  accumulation  of  ice.  In  the  other  portions 
of  the  river  it  is  proposed  to  make  the  channel  100  feet  in  width.  It  is 
expected  to  complete  this  channel  the  present  season,  and  that  a  portion 
of  the  appropriation  will  be  available  for  remedying  any  injuries  that 
the  channel  may  undergo  the  coming  se^ason. 

In  regard  to  the  points  specially  (^ed  for  by  the  circular,  I  have  the 
honor  to  report  as  follows : 

4.  Third  collection  di§trict  of  Connecticut. 

6.  Kew  London,  Connecticut. 

6.  $26,520  74. 

7.  Fully  explained  in  report  of  November  19, 1866. 

8.  None  during  the  year. 
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9.  None  during  the  year. 

10.  None  during  the  year. 

11.  On  hand  June  30, 1867 $15,057  75 

Cash  received  during  fiscal  year  ending  June  30, 1868 21, 000  00 


36, 057  75 
Cash  expended  during  fiscal  year  ending  June  30, 1868 •     30, 115  29 

Balance  on  hand  June  30,  1868 5, 942  46 

Amount  in  United  States  treasury  June  30,  1868 45, 000  00 

50,942  46 
Less  amount  withheld,  in  accordance  with  contract  for  dredg- 
ing, until  the  completion  of  the  work 3, 024  06 

Amount  available 47, 918  40 

Amount  required  for  the  year  ending  June  30, 1870 

REMOVAL  OF  MIDDLE  BOCK,  NEW  HAVEN  HABBOB,  CONNECTICUT. 

The  work  on  this  rock  was  suspended  on  the  21st  of  September,  1867, 
owing  to  the  appropriation  being  neariy  exhausted.  The  results  of  the 
survey  were  communicated  to  the  department  in  my  report  dated  Jan- 
uary 28,  1868.  To  complete  the  removal  of  this  rock  to  the  depth  origi- 
nally proposed  I  have  estimated  $10,000.  The  complete  removal  of  the 
obstructions  at  the  mouth  of  this  harbor  requires  not  only  the  removal 
of  Middle  Rock,  but  also  that  of  Southwest  Ledge  and  two  rocks  inter- 
mediate between  the  two,  and  any  plan  for  the  improvement  of  the  har- 
bor should  contemplate  the  removal  of  all  these.  On  the  Southwest 
Ledge  there  is  six  and  a  half  feet  at  low  water,  and  on  the  other  rocks  13 
and  14  feet  respectively.  The  total  amount  now  estimated  for  removing 
these  rocks  is  $6o,000. 

In  regard  to  the  points  specially  called  for  by  the  circular,  I  have  the 
honor  to  report  as  follows: 

1.  Removal  by  blasting  to  a  depth  of  17  feet  at  low  water.  There  is 
now  on  the  rock  15  feet  of  water. 

2.  Middle  rock $10,000 

Southwest  Ledge 30, 000 

Intermediate  rocks 25, 000 

65,000 

3.  $30,000. 

4.  New  Haven  district. 

5.  New  Haven. 

6.  $266,111  73. 

11.  On  hand  June  30, 1867 6, 937  25 

Cash  received  during  fiscal  year  ending  June  30, 1868 

Cash  expended  during  fiscal  year  ending  June  30,  1868 5, 680  69 

Balance  on  hand  June  30, 1868 250  56 

Amount  in  United  States  treasury  June  30, 1868 

Amount  available ". 250  ^ 

Amount  required  for  the  year  ending  June  30,  1870 30, 000  00 


REPORT   OF   THE   SECRETARY   OP   WAR.  749 

WESTPORT  HARBOR,  CONNECTICUT.' 

No  work  has  been  done  on  the  improvement  of  this  harbor.  The 
amount  appropriated,  $2,500,  was  found  upon  examination  to  be  totally 
inadequate  to  exe<^ute  the  work  required,  and  an  additional  amount  of 
$10,000  wa^  asked  for. 

In  regard  to  the  points  specially  called  for  by  the  circular,  I  have  the 
honor  to  report  as  follows : 

2.  $10,000. 

3.  $10,000. 

4.  Fairfield  district,  Connecticut. 
6.  Bridgeport,  Connecticut. 

6.  $47,806  07. 

11.  On  hand  June  30,  1867 

Cash  received  during  the  fiscal  year  ending  June  30, 1868 $950  00 

Cash  expended  during  fiscal  year  ending  June  30, 1868 339  34 

Balance  on  hand  June  30, 1868 610  66 

Amount  in  United  States  treasury  June  30, 1868 1, 550  00 

Amount  available 2, 160  66 

Amount  required  for  year  ending  June  30, 1870 10, 000  00 


Abs^€u;t  of  proposals  for  improvement  of  Westport  harbor ^  Comieoticutj 

during  the  year  ending  June  30,  1868. 

For  removing  rocks  from  channel  of  Saugatuck  river  : 
D.  L.  Schofield,  for  removal  of  three  rocks,  $300. 
F.  J.  Merryman,  for  removal  of  seven  rocks,  $4,500. 
F.  J.  Merryman,  for  removal  of  seven  rocks,  at  $125  per  day. 
George  W.  Townsend,  for  removal  of  three  rocks,  $1,400. 
Eli  Bradley,  for  removal  of  six  rocks,  $300. 
For  repairs  of  breakwater  at  Cedar  Point,  on  Saugatuck  river, 
Connecticut : 
William  S.  Knowlton,  for  construction  of  wall,  $18  -per  cubic  yard. 
D.  L.  Schofield,  for  construction  of  wall,  $25  per  cubic  yard. 
William  S.  Knowlton,  for  excavation  for  wall,  30  cents  per  cubic 
yard. 

D.  C.  HOUSTON, 
Major  Engineers^  Brevet  Colonel. 

SXJBVEY  AT  BLOCK  ISLAND,  RHODE   ISLAND. 

A  survey  of  this  island  was  made  last  season,  and  the  results  were 
reported  to  the  department  in  my  report  of  January  15,  1868. 

In  regard  to  the  points  specially  called  for  in  the  circular,  I  have  the 
honor  to  report  as  follows : 

1.  Survey  and  project  of  breakwater  forwarded  with  my  report  of 
January  15,  1868. 

2.  $1,500,000. 

3.  $300,000. 

4.  Twenty -ninth  collection  district. 

5.  Newport,  Bhode  Island. 

6.  $14,080,32. 

7.  The  entire  coasting  trade  north  of  the  Delaware,  and  all  vessels 
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boand  to  or  from  New  York  city,  would,  to  a  greater  or  leaa  extent,  be 
benefited  by  a  harbor  of  refuge  iit  this  point. 
11.  Cost  of  survey,  #1,138  72. 

SUKVET  OF   CONNECTICUT   BIVEB    PBOM    HABTFOSD    TO  ITS    MOUTH. 

Ttiis  survey  was  completed  last  season,  and  the  results  reported  in  nt; 
letter  to  the  department  dated  January  II,  1868. 

In  regard  to  the  pointe  specially  called  for  by  the  circnlar,  I  have  the 
honor  to  report  as  follows  : 

1.  Dee|>e[iiiig  the  channel  by  dredging  and  scraping  the  bars. 

2.  $70,000  is  required  to  excavate  a  channel  200  feet  wide  and  8  feet 
deep  at  low  water,  and  an  annual  appropriation  of  $10,000  to  maintain  it. 

3.  $70,000. 

4.  Middletown  district. 

5.  Middletown,  Oouuecticut. 

6.  $8,657  50. 

7.  Fully  explained  in  my  report  to  the  department  last  year. 
IL  Cost  of  survey,  $3,766  16. 

BBIDGEPOBT  HABBOB,  CONNECTICUT. 

A  few  soundings  were  made  in  this  harbor  last  season,  for  the  pnr- 
pose  of  ascertaining  what  changes,  if  any,  had  occurred  since  1866.  No 
material  changes  were  detected. 

A  resurvey  of  the  harbor  is  now  being  made,  in  order  to  detennine 
accurately  whether  any  changes  have  occurred,  and  to  enable  the  proper 
remedy  for  any  injuries  to  be  devised. 

In  regard  to  the  points  specially  called  for  by  the  circular,  I  have  the 
honor  to  report  as  tbUows : 

1.  No  plan  has  yet  been  devised  for  improving  this  harbor.  Should 
anything  be  found  necessary,  it  will  be  submittM  on  tlie  completion  of 
tbe  survey. 

I  am,  general,  very  respectfully,  your  obedient  servant, 

D.  0.  HOUSTON, 
Major  of  Engineers,  Brevet  Cotonei  U.  8.  A, 
Brevet  Mjyor  GeneraJ  A.  A.  HuMPHEETS, 

Chief  of  Engineers  U.  8.  A.,  Commatuiing  Corw  of  Engineers, 
Wmhin^on,  D.  C. 


PI. 

Engineeb  Office  United  States  Aemt, 

Newport,  Rhode  Island,  January  28,  1868, 
General  :  I  have  the  honor  to  submit  the  following  report  of  opera- 
tions in  removing  obstnictious  in  New  Haven  harbor,  Connecticut,  during 
the  past  season : 

BEHOTAL  OP  MIDDLE  BOCK,  NEW  HATBN  HABBOB. 

The  depth  of  water  on  this  rock,  previous  to  commencing  operations, 
was  nine  feet  at  low  water.  From  the  report  in  my  ]K>SBeBsion  I  find 
that  "  a  contract  was  made  in  November,  1862,  with  Mr.  B.  Maillefert, 
ibr  the  removal  of  this  rock  to  the  depth  of  17  feet  at  low  watfx 
idr  the  amount  of  the  appropriation,  $6,000.    After  having  fired  36 
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charges  of  powder  upon  it,  Mr.  Maillefert  reported  his  inability  to  effect 
the  reduction  for  the  sum  contracted  for,  and  a  new  agreement  was 
entered  into  with  him  to  reduce  the  rock  to  the  level  of  13 J  feet  for  the 
amount  of  the  appropriation;  this  being  considered  to  be  as  large  an 
amount  of  work  a«  could  be  eflfected  by  any  other  plan  of  operations  for 
the  same  sum  of  money.  After  firing  54  charges  more  the  contract  was 
substantially  abandoned  by  Mr.  Maillefert,  he  having  found  that  their 
effect  was  much  less  than  he  had  anticipated."  The  plan  adopted  by  Mr. 
Maillefert  was  by  exploding  charges  of  powder  on  the  surface  of  the 
rock.  It  was  estimated  by  the  officer  in  charge  that  it  would  require  the 
sum  of  $30,000,  in  addition  to  the  $6,000  alreaidy  appropriated,  to  remove 
the  rock  to  a  depth  of  17  feet  at  low  water — total  cost  of  $36,000. 

The  balance  of  the  appropriation,  $5,937  25,  having  been  transferred 
to  me,  I  felt  confident,  after  investigating  the  matter,  that,  by  the  aid  of 
divers,  holes  might  be  drilled  into  the  rock  and  charges  exploded  in  them 
which  would  result  in  removing  a  considerable  portion  of  the  rock,  and 
that  the  amount  available  would  suffice  to  remove  the  rock  to  the  depth 
of  at  least  13^  feet  at  low  water,  which  was  the  depth  required  by  the 
second  contract  with  Mr.  Maillefert. 

An  offer  was  made  me  by  Mr.  George  W.  Townsend  to  remove  the  rock 
to  a  depth  of  13  feet  at  low  water  for  $5,000,  or  to  work  by  the  day  and 
accomplish  what  he  could  with  the  money  available.  Having  reported 
this  fact  and  my  views  to  the  engineer  department,  I  was  authorized  to 
proceed  with  the  work  by  the  day.  I  accordingly  made  an  arrangement 
with  Mr.  Townsend,  by  which  he  was  to  execute  the  work  and  furnish  a 
vessel  and  crew,  the  necessary  divers,  all  appliances  and  materials  neces- 
sary for  the  work,  at  $80  per  day. 

The  work  commenced  on  the  13th  of  July  and  continued  to  the  2l8t 
of  September,  1867,  a  total  of  71  days ;  the  total  amount  expended  being 
$5,680.  The  rock  was  removed  to  a  depth  of  15  feet  at  low  water  in  the 
shoalest  place  and  16  feet  in  the  deepest,  two  feet  more  than  was  offered 
to  be  done  for  $5,000,  and  one  and  a  half  feet  more  than  was  required 
by  the  second  contract  made  with  Mr.  Maillefert  for  $6,000. 

There  remains  from  one  to  two  feet  to  be  removed  to  reduce  the  rock 
to  17  feet  at  low  water.  As  it  becomes  more  difficult  to  remove  the  rock 
at  a  greater  depth,  owing  to  the  fact  that  it  spreads  out  and  greater  resist- 
ance is  experienced,  the  cost  of  removing  this  portion  will  be  greater 
than  for  the  same  depth  above.  Thus  it  is  estimated  that  the  removal 
of  the  remainder  of  the  rock  to  the  depth  of  17  feet  at  low  water  is 
$10,000.  Probably  this  amoi^nt  would  reduce  the  rock  to  18  feet  at 
low  water.  Only  a  small  portion  of  the  rock  was  removed  from  the 
locality,  it  being  thrown  principally  over  the  sides  of  the  rock.  Should 
a  greater  depth  be  obtained,  it  will  probably  be  necessary  to  remove 
some  of  the  fragments  to  secure  a  uniform  depth. 

Estimating,  then,  $10,000  as  the  cost  of  removing  the  remainder  of 
the  rock,  we  have  a  total  cost  of  removing  the  rock  $16,000.  or  $20,000 
less  than  the  former  estimate.  Had  this  work  been  located  in  smooth 
water  the  work  would  have  cost  much  less,  but  its  position  is  very  much 
exposed  to  southerly  and  easterly  winds,  so  as  to  render  it  at  times 
impossible  for  a  vessel  to  lie  at  anchor  there. 

The  plan  pursued  in  removing  this  rock  was  simply  by  drilling  holes 
three  inches  in  diameter,  varying  in  depth  irom  three  to  six  feet,  and 
exploding  several  charges  of  powder  in  them  simultaneously.  The  most 
effective  explosive  material  used  was  Dr.  Echall's  patent  chemical  pow- 
der; ordinary  blasting  powder  was  also  used.  The  rock  was  found  to  be 
very  hard,  being  granite.    This  middle  rock  was  found  to  be  bold  on.  tVv^ 


_l 


is  as  f'ullows: 

Soutliwest  Led^ ( 

Bock  0,  ((JaptiiiD  Duttoa's  Bar\'ey} 

Bock  B,  (Captalu  Dntton's  8ur\"ej') 

Middle  Kock,  what  ia  lelt 


This  estimate  for  Middle  Bock  varies  from  that  8ubtiiitte<l  iu 
annual  report,  which  was  made  before  the  espenence  of  last  sea 
The  removal  of  the  other  rocks  I  deem  of  equal  impori^uce  witL 
Middle  liock.  They  now  form  a  chain  of  dangerous  obstacles  to 
tion,  stretching  directly  across  the  mouth  of  the  harbor.  The  opi 
ou  Middle  Kock  htst  summer,  as  those  ou  Tower  Kock,  in  Boston 
which  were  conducted  by  Mr.  Townseud,  show  the  feasibility  of 
ing  these  dangerous  obstruvtious  at  a  cost  trifliug  iu  comparisoi 
results  obtained. 

I  am,  general,  verj'  respectfully,  your  obedient  servant, 
D.  C.  HOUSTOH 
Major  of  Engineers,  Brevet  Colonel  V. 
Brevet  Major  General  A.  A.  Humphreys. 

Commanding  Corps  of  Eagineera^  Wasnington,  D.  C. 


P2. 

Engikeee  Office  Pnited  States  Asmt 

Netvport,  Mhode  Island,  June  2"-, 

General:  I  have  the  honor  to  report  a8  follows  as  to  the  ne 

of  additional  dredging  iu  the  Thames  river,  Connecticut,  over  the  i 
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it  was  my  opinion  that  this  amount  could  be  expended  most  advantage- 
ously for  the  improvement  of  the  river  in  giving  still  greater  fa^ilties  to 
navigation,  and  my  experience  since  making  my  estimate  had  con\anced 
me  that  it  was  too  low,  inasmuch  as  I  had  onlv  calculated  the  actual 
prism  of  earth  necessary  to  be  removed  in  order  to  obtain  the  requisite 
channel,  and  had  omitted  to  consider  that  a  given  amount  of  material 
would  measure  less  in  the  bed  of  the  stream  than  when  measured  in 
scows,  (the  usual  mode  of  measurement,)  and  that  in  order  to  obtain  the 
necessary  depth  at  every  point  it  is  unavoidable  not  to  excavate  to  a 
greater  or  less  extent  below  that  depth.    For  these  two  considerations 
I  woul<J  add  33^  per  cent,  to  the  estimated  amount  of  excavation.    As 
this  additional  amount  was  available  for  the  improvement  of  the  river, 
it  was  determined  to  extend  the  plan  ah*eady  adopted  to  secure  a  freer 
navigation,  and  to  remove  material  which  it  was  apprehended  might, 
unless  removed,  prove  of  subsequent  injury  to  the  channel.    I  refer  to 
the  upper  section  above  the  sunken  pier,  referred  to  in  previous  reports. 
Former  experience  had  shown  that  the  material  composing  the  shoal  in 
this  section  had  been  subject  to  yearly  changes  produced  by  the  spring 
freshets,  and  that  this  was  owing  to  the  narrowness  of  the  channel,  which 
did  not  allow  the  ice  which  accumulated  at  this  point  to  escape  without 
scraping  on  the  bottom,  and  thus  shifting  the  material  composing  the 
shoal.    To  remedy  this  it  was  determined  to  increase  the  ^vidth  of  the 
channel  in  this  section  to  200  feet,  thus  giving  a  freer  outlet  for  freshets 
and  the  accumulated  ice.    Another  item  that  was  not  included  in  my  esti- 
mate is  the  slope  on  each  side  of  the  channel  outside  of  the  100  feet  which 
is  necessary  in  order  to  allow  vessels  to  pass.    Another  consists  in  the 
sunken  trees  which  are  found  imbedded  in  the  channel,  and  which  were 
not  detected  in  the  survey.    It  is  considered  that  these  considerations 
will  account  for  the  necessity  of  additional  expenditure. 

The  additional  amount  due  to  increase  of  volume,  (due  to  mode  of 
measurement,)  and  by  the  necessity  of  excavating  below  the  depth 
required,  is  estimated  at  33 J  per  cent. ;  the  slopes  on  the  sides  of  the 
channel,  10  per  cent. ;  sunken  trees,  5  per  cent. ;  additional  width  gained 
in  upper  section,  25  i)er  cent. ;  total,  73^  per  cent. 

These  amounts  cannot  be  readily  determined  without  a  resurvey^ 
which  would  involve  an  expenditure  of  money  to  be  taken  from  the 
appropriation,  and  not  deemed  necessary  to  show  the  need  of  further 
expenditures  or  useful  in  directing  it. 

AH  of  the  funds  now  available,  and  even  more,  could  be  expended  to 
advantage  in  the  improvement  of  this  river,  though  it  is  hoped  that  the 
present  wants  of  the  commerce  of  Norwich  will  be  met  by  the  work  now 
proposed.  It  is  also  considered  that  the  present  improvement  will  be 
permanent,  as  the  causes  which  produced  the  present  shoal  wat-er  have 
ceased,  owing  to  the  numerous  dams  which  have  been  built  on  the  con- 
fluents of  the  Thames,  and  which  must  catch  the  greater  i)ortion  of  the 
sediment  brought  down  by  these  streams. 

I  propose,  after  obtaining  a  channel  of  the  requisite  depth,  to  reserve 
a  portion  of  the  appropriation  until  the  ensuing  season  for  the  purpose  of 
remedying  any  i>ossible  injury  that  may  arise  from  the  spring  freshets. 
If  this  should  not  be  found  necessary,  the  balance  may  be  advantageously 
exi>ended  in  removing  the  middle  ground  between  the  new  channel  in 
the  upper  section,  and  the  channel  to  be  excavated  by  the  railroad  com- 
pany along  the  line  of  the  wharf  they  are  now  constructing.  The  map 
accompanying  this  letter  illustrates  this.  Thi^  work,  however,  should 
not  be  executed  until  after  the  channel  of  the  railroad  company  is  made, 
and  the  future  eflfcct  of  the  current  on  the  shoal  observed. 

48  w— Part  II 


P3. 

Engineer  OPFrcE  United  States  Armt, 
A'eieport,  Rhode  IslnnA,  January  11, 1 

(iBNERAL :  I  have  the  honor  to  submit  lirrevrith  a  report  of  a  s 
of  the  Connecticut  river  between  Hartford  and  the  inouth,  with  ( 
to  its  improvement,  executed  during  the  past  season  by  Mr.  Th 
Ellis,  assistant  engineer. 

This  survey  was  commenced  in  August  last,  and  the  field  opet 
continued  until  about  the  1st  of  N^ovember. 

At  tlie  time  of  the  commencement  of  the  survey  no  correct  mi 
the  river  could  be  found,  and  no  accurate  information  coiUd  be  obi 
in  regard  to  it.  It  was  known  that  there  were  several  bars  in  tht 
between  Hartford  and  Middletown,  which  wei-e  serious  obstructit 
navigation.  Attempts  bad  been  made  to  improve  the  cfaannel  i 
river  by  constnictiug  stone  piers  from  the  bfinks,  so  as  to  confii 
water  to  the  channel,  it  being  supiwsed  that  the  increased  scoiu-iiig 
oi  the  current  would  maintain  the  desired  depth  of  water ;  but  f 
river  runs  tlirough  an  alluvial  region,  and  is  subject  to  frequent  1 
freshets,  (the  greatest  one  on  record  being  30  feet  above  low  wa 
Hartfoi'd,)  the  whole  bed  of  the  river  is  constantly  changing,  so  tl 
the  language  of  the  accompanying  i-ejiort,  "  laud  formerly  owned  b 
sons  now  living,  lying  upon  one  side  of  the  river,  has  been  passed 
and  now  lies  upon  the  opi>osite  side." 

Some  of  the  piers  built  on  one  side  are  now  on  the  other,  others 
the  middle  of  the  stream,  so  as  to  form  serious  obatructiona  to  ni 
tion ;  so  much  so  that  [wHions  of  them  have  already  been  remove< 
others  should  be.  Some  of  these  piers  are  at  present  perhaps  ben 
to  the  channel,  and  may  be  left  as  they  are,  but  it  is  probable  tl 
some  future  time  thev  niav  in  their  turn  become  ol>sil.n(>1i>R.  as  the  I 
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wbicli  the  river  is  subjected,  and  the  consequent  shifting  of  its  bed  a.s 
above  mentioned,  I  immediately  concluded  that  no  works  having  in  view 
the  permanent  improv^ement  of  the  channel,  such  as  juers  or  dikes,  were 
admissible,  if  for  no  other  reason,  on  account  of  the  enormous  expense 
of  such  works  adequate  to  the  purpose,  not  warranted  by  the  amount  of 
revenue  derived  by  the  general  government  from  the  navigation  of  the 
river. 

There  remained,  then,  but  one  plan  to  pursue,  \iz :  to  deepen  the  water 
on  the  bars  by  dredging,  to  remove  obstructions,  such  as  some  of  the  stone 
piers  above  referred  to,  and  some  sunken  trees,  and  in  some  instances 
driving  rows  of  sheet-piling,  as  in  one  case  immediately  below  the  city 
of  Hartford,  where  it  is  necessary  not  only  to  protect  the  banks,  which 
are  now  rapidly  wearing  away,  but  to  force  the  wat43r  into  the  channel. 
In  this  case  it  is  necessary  and  possible,  at  a  moderate  cost,  to  insure  a 
X)ermanent  channel.  Having  these  objects  in  view,  a  survey  was  directed 
for  the  si>ecial  purpose  of  determining  what  amount  of  dredging  was 
required  to  furnish  the  desired  channel,  which  was  assumed  to  be  eight 
feet  at  low- water  mark,  i.  e.,  lowest  water  mark  recorded  since  1801,  the 
character  and  extent  of  the  obstructions  to  be  rehioved,  and  the  amount 
of  piling  necessary.  There  being  no  accurate  map  of  the  river  of  any 
date,  it  was  necessary  to  make  a  survey  of  the  river  between  Hartford 
and  Middletown  for  the  purpose  of  delineating  its  banks.  Special  surveys 
of  those  points  of  the  river  requiring  improvement  were  also  directed. 
It  would  have  been,  and  is,  desirable  to  have  a  detailed  survey  of  the 
bed  of  the  river  tliroughout  the  whole  distance  between  Hartford  and 
its  mouth,  a^s  the  character  of  the  river  would  thus  be  more  clearly 
shown,  and  this,  I  presume,  might  have  been  done  under  the  general 
authority  of  a  ''survey  of  the  Connecticut  river  from  Hartford  to  its 
mouth;"  but  having  in  view  the  object  of  the  survey,  viz:  the  improve- 
ment of  the  river  and  the  accurate  delineation  of  the  bed  of  the  river, 
where  the  channel  required  improvements,  the  survey  was  confined  to 
those  points.  Moreover,  the  season  did  not  admit  of  any  more  extended 
survey,  under  proper  supervision,  than  the  present.  Should  it  be  deemed 
advisable,  however,  to  complete  the  detailed  survey  between  the  points 
above  mentioned,  I  would  recommend  it  as  being  necessary  to  a  full 
knowledge  of  the  character  of  the  river.  It  can  readily  be  done  the 
coming  season,  under  the  same  supervision,  when  the  present  survej^ 
can  be  tested,  and  any  changes  that  may  occur  be  recorded.  It  is  con- 
sidered, however,  that  the  accompanying  maps  and  report  contain  all 
the  information  necessary  to  determine  the  extent  and  character  of 
immediate  improvements. 

In  connection  with  the  survey,  and  for  the  puri^ose  of  reducing  the 
soundings,  tidal  observations  were  made  at  Hartford  and  Middletown. 
A  table  of  all  the  recorded  freshets  is  embodied  in  the  accompanying 
report,  with  a  full  account  of  the  river. 

Below  Middletown  no  general  survey  of  the  river  was  made,  the  bed 
being  generally  permanent  and  no  improvements  being  required,  except 
the  removal  of  one  small  rock,  until  we  reach  the  mouth.  The  riv'er 
empties  din^ctly  into  the  sound,  there  being  no  inner  bay.  The  mouth 
is  very  wide,  and  the  bar  which  has  formed  by  the  deposit  of  material 
brought  down  by  the  freshets  is  constantly  shifting  by  the  action  of  the 
wind  and  tidal  currents  in  Long  Island  sound.  The  distance  between, 
the  channel,  as  shown  by  the  Coast  Survey  in  1850,  and  that  now  used 
by  steamers  in  crossing  the  bar  is  three-quai'ters  of  a  mile.  The  amount 
of  water  now  on  the  bar  in  the  present  channel  is,  at  low  water,  about 
seven  feet.    A  detailed  examination  of  this  bar  was  imptactv<iatai\fe  \\mx- 
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ing  the  time  it  was  attempted,  owing  to  rough  weather,  all  operations  on 
the  bar  being  subject  to  the  variable  weather  of  the  sound.  For  the 
present  purpose,  however,  sufficient  information  has  been  obtained  on 
which  to  base  an  estimate  for  deepening  the  channel  to  a  depth  of  eight 
feet  at  low  water,  and  widening  it  to  a  width  of  100  feet. 

It  is  not  supposed  that  the  improvements  recommended  will  be  of  a 
permanent  character,  except  in  some  instances,  owing  to  the  character 
of  the  river,  but  it  is  believed  that  if  they  are  made  it  will  be  possi- 
ble to  maintain  the  channel  obtained  at  a  comparatively  small  expense. 
The  estimated  cost  of  the  proposed  improvements  is  $64,310 — say  $70,000 
— which  amoimt  I  would  respectfully  recommend;  and  it  is  believed  that 
an  annual  appropriation  of  $10,000  will  be  ample  to  maintain  the  chan- 
nel in  the  river  and  on  the  bar. 

At  some  points  where  the  river  bed  is  permanent,  as  at  Hartford,  it  i8 
considered  that  the  row  of  sheet-piling  recommended  will  confine  the 
water  to  the  present  channel  and  keep  it  clear.  Some  of  the  bars  do  not 
seem  to  be  the  result  of  deposit,  but  to  arise  from  hard  material  in  the 
bed  of  the  river,  which,  if  once  removed,  will  afford  a  permanent  chan- 
nel. At  points  where  the  bed  of  the  river  changes  and  with  it  the  chan- 
nel, it  may  be  that  it  will  be  necessary  to  deepen  or  straighten  the  latter, 
though  in  some  instances  the  channel  is  found  to  be  benefited  by  these 
changes.  The  amount  to  be  appropriated  in  future  to  maintain  the 
channel,  supposing  the  proposed  improvements  to  be  made,  will  also 
depend  on  the  extent  of  the  freshets  in  the  spring.  In  some  years  httle 
or  no  change  may  occur  in  the  bed  of  the  river.  The  information 
required  by  the  act  of  Congress,  approved  March  2, 1867,  (Public  No.  59,) 
and  by  engineer  department  circular  No.  11,  of  June  10,  1867,  is 
embodied  in  the  accompanying  report,  with  other  necessary  information. 

In  closing  this  report  I  desire  to  commend  especially  Mr.  Theo.  G. 
Ellis,  whose  service  in  making  this  survey  I  was  fortunate  enough  to 
secure.  Combining  practical  knowledge  with  a  truly  scientific  mind,  he 
*  has  united  these  qualities  to  an  earnest  zeal  in  the  prosecution  of  the 
work  assigned  him.  Being  a  resident  of  Hartford,  he  possessed  great 
fa<5ilitie8  for  obtaining  all  the  information  he  required,  and  his  rejwrt  is 
not  only  all  and  more  than  was  required  by  his  instructions,  but  is  val- 
uable simply  from  the  information  it  contains  respecting  the  river — ^infor- 
mation never  before  collected,  and  most  useful  for  future  reference. 

In  case  a  more  extended  survey  of  the  river  should  be  required,  com- 
prising a  detailed  survey  of  the  river  between  Hartford  and  Middletown, 
a  general  survey  for  the  purpose  of  delineating  correctly  the  banks 
between  Middletown  and  the  mouth,  and  a  detailed  survey  of  the  mouth, 
I  would  estimate  the  sum  of  $5,000  for  that  purpose. 

I  am,  general,  very  respectfully,  your  obedient  servant, 

D.  C.  HOUSTON, 
Brevet  Colonel  United  States  Army, 

Brevet  Major  General  A.  A.  Huimphreys, 

Commanding  Corps  of  Engineers  U.  S.  A,j  Wa^hingtony  D.  C 

P.  S. — ^The  maps  relating  to  this  survey  are  sent  to  the  department  in 
a  separate  package  by  the  same  mail  with  this. 


P4. 

Colonel  :  A  survey  of  the  Connecticut  river  has  been  made  in  con- 
formity with  iTistTwctvo\iS»x^c«lved  from  you  in  August  last,  requiring  "a 
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survey  of  such  portions  of  the  river  as  required  improvement,  below  the 
city  of  Hartford,  with  a  map  and  report,"  and  stating  that  "the  object 
of  this  survey  is  simply  to  inform  Congress  as  to  the  condition  of  the 
river,  so  that  it  can  act  intelligently  in  making  appropriations  for  its 
improvement.  Although  called  a  survey,  it  ought  to  be  called  an  exam- 
ination, for  it  is  not  intended  to  make  an  elaborate  survey  but  only  so 
far  as  the  above  mentioned  object  requires.  I  desire  then  a  reconnois- 
ance  of  the  river,  with  special  examination  of  those  points  where 
improvement  is  requii'ed.'' 

You  also  furnished  me  with  copies  of  an  exti*act  from  the  act  of  Con- 
gress authorizing  the  survey,  which  is  appended,  and  marked  A,  and 
extracts  from  the  War  Department  circular  relating  to  what  was  requii*ed 
in  my  report,  which  is  also  appended,  and  marked  B. 

A  tracing  of  the  Coast  Survey  chart  of  Saybrook  bar  was  also  furnished 
me,  with  the  remark  that  "  an  examination  of  Saybrook  bar,  with  a 
view  to  deepening  the  channel  over  it  will  also  be  comprised  in  this 
survey.  We  have,  however,  a  survey  of  this,  which  I  inclose,  so  that 
all  I  ask  of  you  is  to  ascertain  what  has  been  done  there  in  former 
times,  and  its  results." 

Ha\ang  the  above  objects  in  view,  the  survey  was  commenced  under 
my  direction,  about  the  middle  of  August  last,  and  field  operations 
were  carried  on  under  two  principal  parties,  with  assistants  at  Hartford 
and  Middletown,  to  observe  the  fluctuations  of  the  river,  until  the  last 
of  October.  One  of  the  parties  again  took  the  field  for  a  short  time  in 
November,  but  most  of  the  time  since  has  been  employed  in  making  up 
the  notes  and  prei)aring  plans. 

Although  we  were  especially  favored  with  fine  weather  during  the 
progress  of  the  field  operations,  yet  the  season  became  so  late  before 
completing  the  surveys  of  those  parts  of  the  river  requiring  examination, 
that  little  or  nothing  could  be  done  towai'ds  asceitaining  by  observa- 
tion what  changes  have  taken  place  in  the  bar  at  the  mouth  of  the 
river. 

It  is  believed,  however,  that  every  point  in  the  river  where  obstructions 
now  exist,  or  have  existed  within  the  pa«t  few  years,  have  been  exam- 
ined with  sufficient  care  to  determine  their  natme,  and  what  is  the  best 
means  of  overcoming  them. 

The  other  items  of  information  required  by  the  circular  from  the 
War  Department  have  been  derived  Irom  various  sources,  where  they 
could  be  best  obtained.  The  information  relating  to  the  commerce  of 
the  river  has  been  principally  derived  from  the  evidence  given  before  the 
committees  of  the  State  legislature  with  regard  to  bridging  the  river  at 
Middletown  and  Lynn,  and  may  be  relied  upon  as  accurate. 

The  information  embodied  in  this  report  regarding  the  changes  in  the 
channel  of  the  river,  high  and  low  water  marks,  and  the  building  of 
piers,  is  given  upon  the  authority  of  various  persons  who  have  resided 
a  long  time  near  the  river,  or  navigated  its  waters.  Their  statements 
are  corroborated  by  others,  and  it  is  believed  that  very  little  of  what  is 
stated  will  be  found  to  vary  materially  fi-om  the  real  facts  of  the  case. 

METHOD  OF  SURVEYS. 

The  method  employed  in  making  surveys  of  those  portions  of  the  river 
where  obstructions  exist  was  generally  as  follows: 

Base  lines  were  located  on  each  side  of  the  river  as  neaiiy  as  possible 
in  the  direction  of  the  bank,  and  with  as  few  angles  as  could  be  obtained 
sufficiently  near  the  river,  and  the  ends  and  angles  of  these  lines  con- 
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tne  oarH,  generally  ttirce.  Tlic  eliai-acter  ot  tue  uottom  as  wt^ii 
(leptli  was  ohsen-ed  at  each  soimtlin^. 

Tlic  velocities  of  the  current  at  several  places  across  the  stm 
taken  at  tlie  most  important  points,  with  a  view  to  making  a  cw 
of  the  (listjiiice  nin  by  the  hoat  lietween  the  observations  for  tb 
ent  velocities  of  the  coiTent  at  tlie  si4les  and  miihlle  of  tlie  stre 
as  it  was  found  most  convenient,  for  the  purpose  of  keeping  mor 
and  easily  in  line,  to  make  the  observations  at  Riicli  timen  afl 
was  Retting  up  stream,  and  thereby  rethicing  and  at  times  nent 
the  force  of  tlie  current,  or  when  the  wind,  blowing  up  streain, 
in  producing  the  same  effect  by  it6  aetion  upon  the  boat,  this  co 
was  found  to  be  immaterial  to  the  accuracy  of  the  position  of  thi 
ings.  Before  commencing  the  soundings  at  any  point,  ft  certain 
was  e^tablisbeil  upon  the  bank,  genei-ally  by  driving  several  stal 
fully  to  the  same  level,  and  immediately  before  taking  a  line  ol 
ings  across  the  river,  the  level  of  the  surface  of  the  water  was  det 
from  one  of  these  stakes,  and  entered  ui»on  the  notes.  By  thi 
the  soundingB  from  the  variable  surface  of  the  water  were  all  ref 
one  level  at  each  point  where  a  sur^-ey  was  made.  It  then  becani 
sarv'  to  reduce  the  soundings  to  low-water  mark  at  each  point, 
other  level  of  the  river,  the  exact  height  of  which  above  iow-wat 
was  known. 

In  order  to  do  this,  observei's  were  stationed  at  Hartford  and 
town,  the  only  places  on  the  river  where  low-water  mark  was 
who  observed  the  height  of  water  each  10  minutes  daring  ) 
This  gave  the  fluctuations  of  the  river  at  tnese  xx)iiit»>  The  tit 
also  observed  for  24  hours  at  several  intermediate  points  to  dc 
the  form  of  the  wave.  Tlie  level  assumed  as  mean  low  water, 
which  all  the  soundings  of  the  survey  are  reduced,  is  the  lowest 
water  during  the  past  season,  which  occurred  diiring  the  progro 
siu'vcy.  This  was  supposed  also  to  run  out  at  me^u  low  water 
brook. 

For  the  puqiose  of  reducing  the  soundings,  the  tidal  wave  v 
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MicWletowii,  and  Saybrook.  At  some  of  the  minor  points,  where  there 
was  no  maximum  or  minimum  height  of  water  observed,  the  tidal  wave 
WHJj  taken  as  moving  up  stream  uniformly  to  obtain  the  time  of  high  or 
low  water  at  those  places.  The  proper  height  for  the  nearest  observa- 
tion to  high  or  low  water  was  theu  computed  from  the  general  form  of 
wave  at  the  neiu'est  point  taken,  as  shown  by  the  24-hour  diagi'ams  pre- 
pared for  the  purpose. 

The  velocities  of  the  current  observed  were  taken  with  a  float  of  thin 
pine,  about  four  by  six  inches,  sunk  to  the  surface  of  the  water  by  lead 
on  the  lower  edge,  and  rigged  somewhat  like  a  ship's  log.  The  line  was 
run  out  by  hand,  without  resistance,  and  the  number  of  seconds  observed 
between  two  knots  of  red  fliannel,  100  feet  apart. 

CHARACTER  OF  THE   RIVER. 

The  Connecticut  river  rises  in  the  extreme  northern  part  of  New 
Hampshire,  Jilmost  upon  the  border  of  Canada,  and  flows  southwardly 
between  the  States  of  New  Hampshire  and  Vermont,  crossing  the  States 
of  Massachusetts  and  Connecticut,  its  whole  course  lying  within  the 
limits  of  the  United  States. 

In  the  States  of  New  Hampshire  and  Vermont  its  water  bed  is  narrow 
and  precipitous,  and  its  tributaries  are  mostly  small,  partaking  of  the 
chai*acter  of  mountain  torrents. 

The  princii)al  tributaries  in  New  Hampshire  are  the  upper  and  lower 
Ammonoosuc  and  Ashuelot  rivers;  and  in  Vermont,  the  Passumpsic, 
White,  and  West  rivers. 

In  MavSsachusetts,  the  Cbicopee  and  Miller's  rivers  enter  it  from  the 
east,  and  the  Deerlield  and  Westlield  rivers  from  the  west. 

The  principal  tributary  in  Connecticut  is  the  Tunxis,  or  Farmington 
river.  It  rises  on  the  eji^sterly  slope  of  the  Green  mountains  in  Massa- 
chusetts, and  flows  southerly  to  Farmington,  where  it  makes  an  a])rupt 
bend  to  the  north  and  passes  through  the  range  called  ''Talcott  moun- 
tains," when  it  again  turns  southerly  and  enters  the  Connecticut  oppo- 
site the  town  of  Ea«t  Windsor.  Below  Hartford,  the  streams  which 
enter  the  Connecticut  are  small,  and,  except  iu  rain  storms,  furnish  but 
little  water. 

From  its  source  to  the  Massachusetts  State  line,  the  banks  of  the 
Connecticut  are  generally  of  a  permanent  character.  Through  the 
State  of  Massachusetts  the  river  passes  mostly  through  an  alluvial 
formation,  though  in  some  places  the  bed  is  formed  of  hard  and  perma- 
nent materials.  From  the  town  of  Northampton  to  Hartford,  the  river 
passes  through  alluvial  meadows  overflowed  in  high  freshets.  Through 
Massachusetts  and  Connecticut  the  banks  are  not  generally  wooded,  but 
occasional  patches  of  woods  and  many  single  trees  stand  upon  them. 

The  river  is  navigable  for  schooners  and  steamboats  to  Hartford,  and, 
by  means  of  canals  around  the  falls  and  rapids,  it  is  navigable  for  small 
craft  through  the  whole  length  of  Connecticut  and  Massachusetts. 

In  accordance  with  the  objects  of  the  present  survey,  the  river  ha« 
been  more  particularly  examined  from  Hartford  to  its  mouth,  embracing 
that  part  which  is  capable  of  being  improved  and  rendered  navigable 
for  larger  vessels  than  at  present. 

The  first  bridge  across  the  river  oc^curs  at  Hartford,  where  there  are 
two — one,  a  toll-bridge  at  the  foot  of  Morgan  street,  above  the  wliarves, 
iuid  the  other  the  bridge  of  the  Hartford,  Providence,  and  Fishkill  rail- 
road, just  above  the  city.  These  bridges  are  furnished  with  dl^aws, 
though  they  are  rarely,  if  ever,  opened.    As    they  are  now,  they 
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effectually  make  Hartford  the  head  of  navigation.  The  next  bridge 
above,  that  of  the  Hartford  and  Springfield  railroad  at  Warehouse 
point,  was  built  without  a  draw,  although  the  charter  of  the  road 
requires  that  there  should  be  one. 

From  Hartford  to  Kocky  Hill,  a  distance  of  nine  mile«,  the  banks  of 
the  river  are  generally  a  clayey  loam  upon  the  outside  of  the  curv^  or 
bends,  and  upon  the  opposite  side,  low  sand  beaches,  deposits  by  the 
river  in  freshets.  The  banks  upon  the  outside  of  the  bends  are  about 
12  or  15  feet  high,  and  are  washing  away  rapidly,  generally  caving  off 
by  being  washed  under;  but  in  some  cases  the  clay  slides  out  from  the 
bottom  and  rises  up  in  the  river,  the  top  sinking  down  for  perhaps  20  or 
30  feet  back  to  eight  or  10  feet  lower  than  before.  The  part  that  slides 
out  into  the  river  soon  washes  away,  and  the  operation  is  repeated. 

The  bottom  of  the  river  is  generally  gravel  or  sand,  being  quite  hard 
in  the  channel. 

From  Kocky  Hill  to  the  narrows  below  Middletown,  the  banks  are 
generally  more  permanent  and  less  subject  to  wash.  At  two  or  three 
places,  however,  they  are  wearing  away  by  the  action  of  the  water. 
One  of  these  is  about  two  miles  below  Kocky  Hill,  where  the  banks  are 
of  sand,  and  another  at  Gildersleeve's  island,  about  three  miles  above 
Middletown,  where  the  bank  is  composed  of  sand  and  clay,  and  is  wash- 
ing away  rapidly. 

Through  the  "straits,"  for  a  distance  of  about  a  mile,  the  banks  are 
high  and  rocky,  and  the  channel  deep  and  narrow.  From  this  point  to 
the  mouth  of  the  river  the  banks  sufter  but  little  abrasion  from  the 
action  of  the  water,  and  are  generally  hilly,  sloping  downward  to  the 
river,  and  in  many  places  rocky. 

At  the  mouth  of  the  river,  as  is  usual  in  all  streams  that  bring  down 
sediment  from  an  alluvial  region,  a  bar  has  formed,  composed  of  sand 
and  mud,  deposited  mostly  in  time  of  freshets. 

CHANGES  IN  THE  BED  OF  THE  RIVER. 

That  part  of  the  river  lying  between  Hartford  and  Rocky  Hill  has 
evidently  been  subject  to  many  changes  of  its  bed.  At  Hartford  the 
river  has  moved  to  the  west  until  it  encountered  the  high,  sloping  ridge 
upon  which  Hartford  is  built,  and  the  shore  was  protected  by  wharves. 
Below  Hartford  it  has  changed  somewhat,  as  vrill  be  mentioned  further 
on,  but  the  greatest  changes  have  occurred  between  the  Hoekanum  river 
and  Glastenbury.  A  sketch  in  a  book  published  in  1838,  called  "His- 
torical Collections  of  Connecticut,^  shows  that  at  the  time  the  country 
was  first  settled,  the  river  ran  from  near  the  mouth  of  the  Hoekanum 
around  a  bend  now  forming  Weathersfleld  cove,  and  then  around  another 
bend  through  what  is  now  Keeney's  cove.  Crossing  Pratt's  ferry  near 
it«  present  bed,  it  then  ran  to  the  westward  of  the  present  channel  and 
joined  it  lower  down.  This  change  is  shown  by  the  fact  that  part  of 
the  town  of  Glastenbury,  which  was  formerly  bounded  by  the  river,  now 
lies  upon  the  west  side  of  it.  At  present  both  of  the  bends  in  the 
locality  above  mentioned  are  extending  and  making  the  channel  more 
serpentine,  and  at  the  same  time  mo\ing  down  stream.  In  several 
places  the  change  within  30  or  40  years  has  been  more  than  the  width 
of  the  river,  so  that  land  formerly  owned  by  persons  now  living,  lying 
upon  one  side  of  the  river,  has  been  passed  over  and  now  lies  upon  the 
opposite  side. 

Further  down,  opposite^  the  city  of  Middletown,  the  channel  has 
changed  from  the  west  to  the  east  side  of  the  island  since  the  year  1807; 
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for  in  October  of  that  year  the  legislature  passed  a  resolution  direx;ting 
the  Union  Company  to  "desist  from  attempting  to  form  a  channel  to  the 
east  of  the  island,  opposite  the  north  part  of  the  city  of  Middletown," 
showing  that  a  change  from  the  west  side  was  contemplated  at  that  time. 
Below  Middletown  there  does  not  appear  to  have  been  any  important 
change  in  the  bed  of  the  river.  At  the  place  called  Selden's  cove  the 
river  may  have  changed  its  bed  a  long  time  ago,  but  it  now  appears  to 
be  permanently  fixed  between  the  present  banks. 


FRESHETS. 

The  Connecticut  river  is  subject  to  freshets  of  considerable  height, 
which  occur  princi))ally  in  the  spring,  when  the  river  is  swollen  by  the 
melting  snow,  although  fi^eshets  haPv^e  occurred  in  every  month  of  the 
year  except  June,  July,  and  September.  The  highest  freshets  generally 
occur  in  the  spring.  There  was  one  remarkable  exception,  however,  in 
August,  1856,  when  the  water  rose  to  a  height  of  23  feet  4  inches  above 
low-water  mark.  This  was  caused  by  extraordinary  and  unusually 
heavy  rains  which  occurred  at  that  time. 

A  few  of  the  most  extraordinary  which  have  been  known  are  recorded 
upon  a  gauge  board  at  the  toll-house  at  the  west  end  of  the  bridge, 
across  the  river  at  Hartford.  The  zero  of  this  gauge  board,  which  is 
marked  in  feet  and  inches,  is  placed  at  the  level  of  the  low  water  of 
1801,  which,  previous  to  1858,  was  the  lowest  water  on  record.  In  the 
last  year  mentioned,  the  water  fell  to  about  1 J  inch  lower.  The  flood  of 
1854  is  erroneously  marked  on  this  gauge  at  30  feet,  when  it  should  have 
been  29  feet  10  inches,  as  recorded  at  the  time  upon  the  same  scale  as 
the  other  flood  marks.  This  is  the  highest  water  ever  known  in  the  river. 
Previous  to  the  high  freshets  of  May,  1854,  and  April,  1862,  that  of  1801 
was  the  highest  known. 

From  careful  levels,  taken  from  the  different  flood  marks  at  Hartford 
and  Middletown,  and  from  records  kept  by  Mr.  Chapman,  near  the  Hart- 
ford bridge,  the  following  table  of  the  remarkable  floods  in  the  Connec- 
ticut has  been  prepared.  The  heights  at  Hartford  are  from  the  zero  of 
the  gauge  board  at  the  tollhouse,  which  is  the  conventional  low-water 
mark,  and  those  at  Middletown  are  from  six  inches  above  the  zero  of 
the  gauge  board  at  the  Portland  quarries,  which  it  is  believed  is  extreme 
low  water  at  Middletown,  as  near  as  can  be  ascertained: 

Table  of  floods. 


Flood  of  1801 

Flood  of  1841 

Flood  of  1843 

Flood  of  December,  1844 
Flood  of  Febrnary,  1845. 

Flood  of  April,  1845 

Flood  of  March.  1846  ... 

Flood  of  April,  1847 

Flood  of  January,  1848.. 
Flood  of  November,  1849 

Flood  of  May,  ia50 

Flood  of  January,  1851 . . 

Flood  of  April,  1852 

Flood  of  May,  1853 


Hartford. 


Ft. 

27 

26 

27 

19 

19 

19 

18 

21 

15 

17 

20 

14 

23 

16 


In. 
6 
4 
2 
6 
0 
0 
9 
0 
6 
6 
9 
6 

n 


Middletown. 


Ft,     In. 

23      8i 

22    11 


19      5 
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Table  of  fioods — Continued. 


Haitford.      I    Middlcloim. 


Flood  of  Ni.vembM,  1853. 

Flood  of  May,  1854 

Flood  of  January,  1855... 

Flood  of  April,  J856 

Flood  of  Aui^ust,  IP56 

Flood  of  February,  J 857.. 
Flood  of  October,  1857  ... 
Flood  of  Miirch,  ia'i8  .... 
Flood  of  March.  18:>9  .... 

Flood  of  March  I8(W 

Floodof  April,  1861 

Flood  of  Apiil,18l>2 

Flood  of  KovBrnber.  I8(!2. 

Floodof  May,  IKbJ 

Floodof  April.  lBfJ4 

Flood  of  March,  1865 

Flood  of  May,  18<i5 

Flood  of  February,  1866., 

Flood  of  April,  1866 

Floodof  February.  1 867.. 

Floodof  April,  1807 

Flood  of  August,  18C7.... 


21    10 
33     9) 


The  avprago  difference  of  tlie  heights  of  the  nine  freshets  above  oom- 
pared,  at  Hartfoi-d  and  MidtUetown,  is  4  feet  31  inches. 

The  great  height  of  freshet.^  at  Hartford  and  Middlet own  is  due  to  the 
coiitraction  of  the  water-w.iy  at  tlie  narrows  just  below  Mi<hlletown. 
The  river  is  here  only  050  feet  wide  at  the  water  line,  witli  precipitous 
and  rocky  banks  rising  to  a  great  height  on  either  side,  so  that  the 
■width  does  not  probably  exceed  800  feet  at  the  highest  water  level, 
Thivugh  this  goi'ge  all  the  water  must  pass  which  in  fixishets  overflows 
tlie  hanks  above,  and  spreads  out  in  some  places  nearly  two  miles  in 
width  over  the  meadows  through  which  the  river  runs. 

The  effect  of  this  contraction  of  the  water-way  ia  seen  in  the  small 
fall  in  the  surface  of  the  water  in  flowls,  between  Hartford  and  Jliddle- 
town,  given  above.  Middletown  is  about  one-third  of  the  distance  fnun 
Hartford  to  the  mouth  of  the  river,  and  the  average  fall  of  water  in 
high  freshets  between  those  points  is  only  one-sixth  of  the  mean  hei^'bt 
of  the  freshets  above  low-wafer  mark  at  Hartford.  The  distanee  from 
Hartford  to  Saybrook  light  is  19  miles. 

SEDIMENT  AND  DEPOSITS. 

In  the  spring  freshets  the  npper  waters  and  tributarie.s  of  the  Con- 
neeticnt  bring  down  great  quantities  of  silt,  which  is  depitsited  along  its 
course  and  at  Saybrook  bar.  At  high  stages  of  the  river  tbe  water  ia 
dammed  back  by  the  straights  below  Middletown,  and  spreads  out  over 
the  meadows  above.  A  large  proiwrtion  of  the  earthy  matter  held  in  sns- 
pensiou  isthu8dei>osited  in  the  comimratively  slowcurrentover  the  ntead- 
ows  and  along  the  channel  of  the  river.  Bai  a  are  formed  wherever  there 
are  etldies,  which  remain  after  the  water  has  fallen,  and  prove  serious 
obstacles  to  navigation.  These  bars  are  generally  washed  down  as  tbe 
river  falls,  by  the  current  in  the  channel.    There  aeemsj  however,  to  be 
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in  some  places  a  hard  bottom  of  gravel  or  coarse  sand,  wliicli  lies  very 
firmly  bedded,  and  does  not  wash  away  with  the  force  of  the  current  at 
low  water.    This  remains  and  forms  permanent  bars  or  shoals. 

The  line  particles  held  in  suspension  are  carried  forward  by  the  current 
and  deposited  lower  down,  or  carried  out  over  the  bar  at  the  mouth  of 
the  river. 

After  the  water  has  fallen  so  as  to  be  confined  between  the  banks,  in 
the  alluvial  region  between  Northampton  and  Rocky  Hill,  these  banks 
are  washed  and  carried  off,  furnishing  a  great  amount  of  material  to  be 
deposited  below. 

VELOCITY  OF  THE  CURRENT. 

The  velocities  of  the  current  in  the  river  are  so  much  affected  by  the 
height  of  the  water  and  the  tides  that  the  limited  number  of  observations 
taken  during  the  progress  of  the  survey  do  not  form  sufficient  data  to 
determine  with  accuracy  the  volume  of  w  ater  or  the  effect  that  the  cur- 
rent of  the  river  has  upon  the  bottom  at  the  different  stages  of  the  water. 
They  show,  however,  some  facts  which  are  worthy  of  note.  At  Hartford 
bar  the  greatest  surface  velocity  observed  was  in  the  narrow^  part  of  the 
channel,  near  the  island  marked  B  on  the  map,  and  opposite  the  end 
of  the  pier  C.  At  each  of  these  places  the  velocity  was  3.00  feet  a 
second,  or  2.09  miles  an  hour.  In  the  wider  parts  of  the  stream  the 
velocity  was  2.45  feet  a  second,  or  1.67  mile  an  hour. 

These  velocities  were  taken  w  hen  the  height  of  the  river  was  five  feet 
above  low- water  mark. 

Along  that  part  of  the  river  shown  on.  sheet  No.  1  the  maximum 
velocity  was  about  200  feet  from  the  west  bank. 

By  observations  taken  at  the  commencement  of  the  survey,  when  a  sud- 
den rise  occurred  in  the  river,  the  surface  velocity  in  the  channel  opposite 
Colt's  dike  was  four  feet  a  second,  or  2.73  miles  an  hour;  and  opposite  the 
foot  of  Kilbourn  street,  just  below  the  East  Hartford  bridge,  it  was  4.17 
feet  a  second,  or  2.84  miles  an  hour.  At  this  time  the  river  w^as  14.3  feet 
above  low-water  mark.  At  Weathersfield  the  velocities  of  the  current 
were  taken  when  the  river  w'as  quite  low.  The  maximum  velocity 
observed  was  1.G4  foot  a  second,  or  1.12  mile  an  hour,  w'hen  the  river 
was  1.8  foot  above  low-water  mark  and  at  low  tide.  The  least  velocity 
observed  was  0.83  foot  a  secjond,  or  0.57  mile  an  hour,  at  high  tide,  when 
the  height  of  the  water  w^as  three  feet. 

At  Pratt's  ferry  the  maximum  velocity  observed  was  2.22  feet  a  second, 
or  1.51  mile  an  hour,  taken  when  the  tide  was  about  half  low,  running 
out,  and  the  height  of  water  about  2.5  feet  above  low- water  mark. 

At  Log  bar  the  maximum  velocity  observed  was  1.61  foot  a  second, 
or  1.10  mile  an  hour,  taken  when  the  tide  was  about  half  low,  running 
out,  and  the  water  at  2.3  feet  above  low-water  mark. 

Near  Glastenbury  piers  the  maximum  velocity  observed  in  the  channel 
was  2.70  feet  a  second,  or  1.84  mile  an  hour,  when  the  tide  was  running 
out,  about  half  low,  and  the  water  about  three  feet  above  low  w  ater 
mark. 

Near  Dividend  bar  the  maximum  velocity  observed  was  2.50  feet  a 
second,  or  1.70  mile  an  hour,  taken  about  two  hours  before  low^-water, 
when  the  river  was  3.5  feet  above  low-water  mark. 

The  minimum  velocity  observed  at  this  point  was  0.33  foot  a  second, 
or  0.23  mile  an  hour.  This  was  at  high  tide,  with  the  river  at  4.5  feet 
above  low-water  mark. 

Below  Dividend  bar  no  observations  of  velocities  were  made. 


{ 
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The  following  table  shows  the  depth  of  water  and  the  sarface  velocity 
at  the  different  points,  and  also,  in  the  fourth  column,  the  computed 
velocity  at  the  bottom  of  the  channel  in  feet  a  second: 


Foot  of  Kilboum  street 

Hartford  bar 

Hartford  bar 

Opposite  pier  C 

Weathersneld 

Weatbersfield 

Pratt's  ferry 

Log  bar 

Glastenbury  piers , 

Divideod  bar 

Dividend  bar 


Height  of 
water. 


14.3 
14.3 
5.0 
5.0 
1.8 
3.0 
2.5 
2.3 
3.0 
3.5 
4.5 


Sarface  velocity. 


Miles  an 
hoar. 


2.84 
2.73 
1.67 
2.09 
1.12 

.57 
1.51 
1.10 
1.84 
1.70 

.23 


Feet  a  sec- 
ond. 


Bottom  ve- 
locity, feet 
a  second. 


4.17 
4.00 
2.45 
3.06 
1.64 

.a3 

2.22 
1.61 
2.70 
2.50 
.33 


2.50 
2.40 
1.47 
1.84 

.50 

1.33 

.97 

i.m 

1.50 


According  to  Du  Breat,  the  greatest  velocities  of  the  current  close  to 
the  bed,  consistent  with  the  stability  of  material,  are  as  follows:  Soft 
clay,  0.25  foot  a  second ;  fine  sand,  0.50  foot  a  second ;  coarse  sand,  0.70 
foot  a  second;  gravel,  1  foot  a  second;  coarse  gravel,  2.25  feet  a  second. 

According  to  this  it  would  appear  that  at  Hartford  bar  and  Pratt's 
ferry  the  current  is  sufficient  to  move  the  material  of  the  bottom,  unle^ 
it  has  become  so  hard  and  packed  as  to  resist  the  action  of  the  water; 
which  from  the  notes  taken  of  the  soundings  would  seem  to  be  extremely 
probable,  as  the  lead  would  strike  hard  and  fiimly  against  the  bottom  at 
those  places. 

At  Glastenbury  piers  and  Dividend  bar  the  channel  now  scoiirs  oat  to 
a  sufficient  depth. 

TIDES,  ETC. 

During  the  progress  of  the  survey  it  became  necessary  to  make  observa- 
tions upon  the  tides  and  other  fluctuations  of  the  river,  in  order  to  reduce 
the  soundings  taken  to  a  uniform  level,  or  stage  of  water.  Obsenations 
were  taken  at  Hartford  and  Middletown  with  this  view,  as  these  were 
the  only  places  where  there  is  any  standard  low- water  mark. 

At  Hartford  the  observations  were  taken  near  the  bridge  at  the  foot  of 
Morgan  street. 

At  the  toll-house  on  the  Hartford  end  of  the  bridge  is  the  board  upon 
which  is  recorded  the  height  of  the  most  extraordinary  freshets  in  the 
river  before  mentioned.  The  zero  of  this  board  was  taken  for  low-water 
mark,  and  is  the  point  known  as  such  when  speaking  of  height  of  water 
in  the  river. 

The  water  has,  however,  been  known  to  fall  below  this  zero,  upon  at 
least  one  occasion.  At  the  northeast  corner  of  Chapin's  wharf,  upon  a 
large  firm  pile,  the  second  from  the  end,  are  driven  four  spikes,  put  in 
at  the  lowest  stages  of  water  in  different  years.  The  lowest  one  was 
driven  by  Mr.  E.  B.  Famham,  of  Hartford,  at  the  extreme  low  water  of 
August,  1858,  and  is  .11  of  a  foot  lower  than  the  zero  of  the  gauge  at 
the  toll-house.  This  is  the  lowest  water  known.  The  next  spike  is  A2 
of  a  foot  higher,  corresponding  to  about  the  zero  of  the  gauge  board, 
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and  is  said  to  have  been  driven  by  a  Mr.  Hempstead,  the  former  surveyor 
of  the  Union  Company.    The  other  two  spikes  are  higher  up.    One  was 
driven  by  Mr.  P.  B.  Goodsell,  surveyor  of  the  Uniou  Company,  in  1833, 
and  the  other  by  some  person  unknown. 

At  Middletown  the  observations  were  taken  near  the  ferry  to  Portland, 
and  the  point  assumed  as  low-water  mark,  to  furnish  a  base  for  the 
observations,  was  the  zero  of  a  gauge  board  upon  the  comer  of  one  of 
the  wharves  at  the  Portland  quarries.  No  definite  information  could  be 
obtained  regarding  the  extreme  limit  of  low  water  at  Middletown,  and 
it  is  extremely  doubtful  if  it  ever  reaches  the  zero  of  the  scale  above 
mientioned.  At  the  lowest  stage-  of  water  observed  during  the  present 
survey,  the  height  of  the  river  appeared  to  be  about  the  same  above  the 
two  zero  points  at  Hartford  and  Middletown.  It  is  probable,  however, 
from  a  comparison  of  the  heights  at  different  stages  of  the  river,  that 
when  the  water  was  down  to  zero  of  the  Hartford  scale,  it  would  corre- 
spond to  about  six  inches  of  the  scale  at  Middletown. 

The  lowest  state  of  water  observed  was  on  the  1st  of  October,  when 
the  water,  at  low  tide,  was  1.48  foot  above  the  zero  at  Hartford,  and  1.46 
above  the  zero  at  Middletown. 

This  height  was  assumed  as  mean  low  water,  and  to  it  all  the  sound- 
ings between  Hartford  and  Middletown  are  reduced. 

Between  Middletown  and  Saybrook  bar,  the  soundings  are  reduced  to 
the  height  of  1.46  foot  above  the  zero  at  Middletown,  and  mean  low 
water  of  the  tide- water  at  Saybrook. 

From  the  observations  taken  between  the  20th  of  September  and  the 
20th  of  October,  the  mean  rise  and  fall  of  the  tidal  wave  and  the  time  of 
its  passage  up  the  river  have  been  computed. 

The  rise  and  fall  of  the  river  from  rains,  and  the  effect  of  winds,  cause 
so  great  a  disturbance  in  the  tides  upon  the  river,  that  the  heights  and 
periods  of  the  successive  tides  are  extremely  variable,  even  in  the  lowest 
stages  of  the  water. 

In  high  freshets  the  tides  are  not  felt  at  all  at  Hartford  and  Middle- 
town,  but  in  the  low  stage  of  the  water  they  are  perceptible  at  Windsor 
locks,  12  miles  above  Hartford. 

The  mean  rise  and  fall  of  the  tides  at  Hartford,  as  determined  by  the 
observations  taken,  is  .  85  foot;  the  average  height  of  the  water  at  low 
tide  being  2.49  feet,  and  at  high  tide  3.34. 

The  gi-eatest  tide  observed  was  upon  the  27th  day  of  September,  when 
the  ri^er  at  low  water  was  1.82  foot  above  low-water  mark  and  the 
weather  calm.    On  that  day  the  tide  was  1.24  foot. 

The  least  rise  was  upon  the  9th  day  of  October,  w^hen  the  height  of 
the  river  at  low  water  was  3.57  feet,"  and  the  wind  light  from  the  south- 
west; on  that  day  the  tide  rose  .25  foot. 

The  highest  water  was  on  the  14th  day  of  October,  when  the  river 
stood  at  4.60  feet  above  low^- water  mark. 

The  lowest  water  was  on  the  1st  day  of  October,  when  the  river  stood 
at  1.48  foot  above  low- water  mark. 

At  Middletown  the  mean  rise  and  fall  of  the  tides,  as  determined  by 
the  observations  taken,  is  1.93  foot;  the  average  height  of  the  water  at 
low  water  being  2.13  feet,  and  at  high  tide  4.06  feet. 

The  greatest  tide  observed  was  upon  the  2d  day  of  October,  when 
the  height  of  the  river  above  low-water  mark  or  zero  of  the  gauge  was 
1.77  foot,  and  the  wind  light  from  the  southwest.  On  that  day  the  tide 
rose  2.47  feet. 

The  lowest  rise  was  upon  the  9th  day  of  October,  when  the  height  of 
the  river  at  low  water  was  2.50  feet,  and  the  wind  light  from  t,\i^  ^ovs^iXsL- 
west.    On  that  daj  the  tide  rose  1.13  foot. 


than  tlie  lx)ttoin,  or  low  water.  We  eonsequeutl.v  find  a  less  i 
tween  low  water  and  the  succeeding  high  water  the  fuither  we 
moved  from  the  month  of  the  river.  At  Saylirook  the  mean  dui 
the  ri»e  of  the  tides  is  6A.  9m.    The  mean  duration  of  the  fall  is 

At  Middletown,  the  mean  duratiou  of  the  rise  is  4h.  56m.  Tl 
duration  of  the  fall  is  7A.  30ni. 

At  Hartford  the  mean  duration  of  the  rise  is  4h.  ir>m.  Tt 
duration  of  the  tall  is  8A.  10m. 

The  high  tide  on  the  top  of  the  tidal  wave  passes  from  Sayl 
Middletown  in  3A.  25m.,  and  from  MiddIeto^vu  to  Hartford  iu 
making  a  difl'erence  of  QA.  30m.  in  the  whole  distance. 

The  low  tide  or  bottom  of  the  wave  itasses  from  Saybrook  to 
town  in  ih.  39m.,  and  ft'om  Middletown  to  Hartford  iu  tih.  iHm^ 
a  difference  of  TA.  24m.  iu  the  whole  distance. 

Thus  we  see  that  the  high  tide  moves  from  Saybrook  to  Ilai 
Ih,  aim.  less  than  the  low  tide. 

According  to  the  determination  of  the  United  States  Coast  8 
1838  and  1851,  the  corrected  establishment  or  average  time  bett 
moon's  southing  and  the  time  of  higb  water  at  Saybrook  is  1 
This  would  give  the  corrected  establishment  at  Middletown  II 
and  at  Hartford  lob.  47m. 

WHAT  HAS  BEEN  DONE  OS  THE  BIVEIt. 

T\'bat  has  already  been  done  in  the  way  of  improvements  n 
river  will  be,  in  a  great  raeaaiire,  described  when  i<i>oakin^of  the 
tioiis  in  the  channel,  as  the  subject  will  be  better  umlerstood  wht 
in  connection  with  the  description  of  the  localitieji  and  uatiir 
obstruction  it  was  intended  to  obviate  or  overcome  by  tlu 
employed. 

A  few  remarks,  however,  upon  the  improvements  made  by  th 
Company,  and  their  character,  will  assist  in  understanding  the 

The  Ciiion  Company  was  chartered  by  "An  act  for  incori»i 
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Hartford  and  Middletown ;  to  increase  the  depth  of  water  to  six  feet, 
and  of  a  suitable  width  to  enable  vessels  to  pass." 

This  charter  was  to  remain  in  force  for  60  years.  The  tolls  were  fixed 
for  vessels  of  different  dran^^hts  of  water,  according  to  the  distance  they 
went  up  the  river,  at  from  $6  to  $38  for  draughts  of  from  six  to  ten  feet. 
This  charter  was  amended  in  unimportant  particulars  in  1801,  1803, 
1807,  1810,  1812,  and  1828. 

The  company  commenced  work  in  1801,  and  built  several  rough-stone 
piers  in  the  river  between  Haitford  and  Middletown.  The  first  was  a 
l>ier  opposite  Dutch  Point,  in  Hartford,  on  the  east  side  of  the  river. 

Hartford  Bar  pier,  or  rather  part  of  it,  was  built  the  same  year.  This 
bar  had  been  then  for  some  time  the  most  difficiUt  place  to  pass  of  any 
in  the  river. 

Previous  to  the  commencement  of  the  Union  Company's  operation  in 
the  river,  there  were  eight  sand-bars  between  Hartford  and  Middletown, 
which  were  serious  obstacles  to  navigation.  On  several  of  them  the 
depth  of  water  at  average  tides,  according  to  different  statements  made 
by  reliable  persons  under  oath,  in  1831,  was  only  from  five  feet  six  inches 
to  five  feet  ten  inches.  One  statement  was,  that  "  at  the  ordinary  state 
of  the  river  at  the  height  of  the  tides  the  depth  of  water  in  the  bars 
varied  from  five  feet  eight  inches  to  six  feet.'^ 

There  were  also  in  the  river  a  number  of  logs,  from  which  two  of  the 
bars  derived  their  names,  which  were  a  great  impediment  to  vessels,  and 
which  the  company  removed. 

They  also  removed  logs  at  the  mouth  of  Little  river,  in  Hartford,  and 
up  to  the  year  1835  exi)ended  considerable  sums  in  building  piers,  stoning 
the  banks  of  the  river  in  several  places,  and  planting  willows  to  protect 
the  banks,  and  materially  unproved  the  navigation  up  to  that  year. 

The  amount  expended  by  the  company  from  the  commencement  of  their 
operations  to  the  year  1835,  inclusive,  in  clearing  the  channel  and  improv- 
ing the  navigation  of  the  river,  was  $44,271  11.  After  the  year  1835 
considerable  was  done  by  the  company,  of  which  I  could  find  but  litte 
information. 

According  to  the  report  of  the  commissioners  "  appointed  by  law  to 
examine  the  works  erected  and  establislied  by  the  Union  Company  in 
Connecticut  river,  between  the  towns  of  Hartford  and  Middletown,  and 
to  determine  the  depth  of  water  on  the  several  bars  between  those  places," 
the  least  depth  of  water  in  the  channel,  from  the  top  of  high  water  at 
common  tides,  in  the  month  of  August,  on  the  shoalest  bar  between 
Hartford  and  Middletown,  was  as  shown  in  the  following  table. 

The  last  column  shows  the  height  recjuced  to  low  water  by  deducting 
the  height  of  an  average  tide  at  the  points  named : 


Year. 


1826. 
1827. 
1828. 
18-29. 
1830. 
1831. 
18:i2. 
1833. 
18:54. 
1834. 


Place. 


Loe  Bar  Janior 

........do 

do 

hog  bar 

Hartford  Bar  Junior,  (clay  banks) . 

Ijog  Bar  Junior 

Hartford  Bar  Junior,  (clay  banks) 

do 

do 

Hartford  bar 


Depth  at 

high 

Depth  at  low 

watei 

• 

water. 

Ft. 

In. 

Ft.        In. 

7 

9 

6            5 

6 

7 

5            3 

7 

9 

6            5 

6 

8 

5            5 

7 

5i 

6            5i 

7 

4 

6            0 

8 

0 

7            0 

7 

6 

6           6 

7 

8 

6           8 

7 

a 

I             ^         \^ 
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Year. 


; 


il 


I 


i; 


1835.. 
1836.. 
1837.. 
1838.. 
1838.. 
1839.. 
J840.. 
1841.. 
1842.. 
1843.. 
1844.. 
1845.. 
1845.. 
1845.. 
1846.. 
1847.. 
1848.. 
1849.. 
1850.. 
1851.. 
185-2.. 
1853.. 
1853.. 


Place. 


Hartford  bar 

Hartford  Bar  Junior,  (clay  banks) 
Log  Bar  Junior 

........do 

Hartford  Bar  Junior,  (clay  banks). 

do 

do 

do 

do 

do .. 

Log  Bar  Junior. 

Hartford  Bar  Junior,  (claj  banks) 

liOg  Bar  Junior 

Glastenbury  bar 

Hartford  Bar  Junior,  (clay  banks). 

Log  Bar  Junior 

Hartford  Bar  Junior,  (clay  banks) 

Log  Bar  Junior 

Hartford  Bar  Junior,  (clay  banks) 

do 

do 

do 

Dividend  bar 


Depth  at 

high 

Depth  at  low 

watei 

• 
• 

water. 

Ft. 

In. 

Ft.       U 

7 

5 

6          7 

7 

2 

6          2 

7 

3 

5         11 

7 

8 

6          4 

7 

8 

6        e 

7 

11 

6         11 

7 

11 

6         11 

7 

5 

6          5 

7 

5 

6          5 

7 

0 

6          0 

7 

6 

6        i 

7 

0 

6          2 

7 

0 

5          8 

7 

0 

5          8 

8 

9 

7          9 

8 

0 

6          8 

8 

0 

7          0 

8 

4 

7          0 

8 

0 

7          0 

8 

0 

7          0 

8 

4 

7          4 

8 

6 

7          6 

8 

6 

7          0 

The  works  of  the  Union  Company  were  but  temporary  expedients, 
and  most  of  the  piers  built  by  them  have  become  obstacles  themselves 
instead  of  aids  to  navigation. 

During  the  past  few  years  the  steamboat  company  have  been  engaged 
in  improving  the  channel  by  dredging.  The  points  where  they  have 
worked  will  be  given  further  on. 

They  have  already  expended  about  $34,000  in  this  manner,  and  the 
city  of  Hartford  has  contributed  about  $12,000  for  the  same  purjwse. 

About  20  years  ago  the  United  States  government  dredged  out  a 
channel  over  Saybrook  bar,  bi^t  no  reliable  information  can  be  obtained 
here  of  when  the  work  was  done,  or  how  extensive  it  was  intended  to  be. 

It  is  the  opinion  of  Mr.  Smith,  the  president  of  the  steamboat  com- 
pany, that  the  channel  which  was  then  diedged  out,  soon  filled  up  again ; 
but  for  how  long  a  time  the  benefit  of  the  dredging  was  apparent  nobody 
seems  to  know. 

Perhaps  the  channel  ojiened.  was  not  in  the  position  of  the  present 
coui'se  of  vessels  over  the  bar;  the  Coast  Survey  chart  of  the  mouth  of 
the  river,  made  in  1849  and  1851,  herewith  appended,  showing  deeper 
water  on  another  part  of  the  bar  than  in  the  channel  at  present  used. 

The  work  done  may,  however,  have  been  subsequent  to  the  above 
survey. 

Until  within  about  14  years,  boats  ran  through  the  eastern  channel 
shown  on  the  Coast  Survey  chart,  but  about  1^3  changed  to  the  one 
now  used. 

About  five  or  six  years  ago  this  channel  was  scraped  out  with  a  plow- 
ing apparatus  drawn  by  tugs,  with  considerable  benefit. 

OBSTRUCTIONS  AND  PIERS. 

The  principal  places  where  obstructions  have  existed  or  now  exist  in 
the  river  are  as  follows: 
Just  below  the  c\t>^'  ot  H^^xtford  a  bar  has  formed  across  the  river, 
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showTi  on  sheet  ISTo.  1,  which  during  the  past  season  has  been  the  most 
troublesome  pla<3e  on  the  river.  At  this  place,  according  to  the  best 
iccounts,  the  river  has  moved  to  the  west  some  300  or  400  feet  within 
the  past  40  years.  At  tlie  wharves  in  Hartford,  and  at  the  ohl  pier 
marked  C  on  the  map,  the  bed  of  the  river  has  remained  nenrly  station- 
ary. This  change  in  the  bed  of  the  river  was  caused  partially  by  a  pier 
built  66  years  ago  on  the  east  side  of  the  river,  opposite  Hartford,  by  the 
LTnion  Company,  which  deflected  the  current  to  the  opposite  side  of  the 
river  and  washed  away  about  200  feet  of  the  bank,  where  Colt's  depot 
now  stands.  Below  this  the  bank  has  been  gradually  washing  luitil  at 
present  it  is  becoming  dangerous  near  Colt's  embankment.  The  bank 
on  this  side  of  the  river  varies  from  four  or  five  to  12  or  15  feet  high, 
and  is  a  stiff,  yellow  clay,  w4th  some  compact  and  hard  streaks^  which 
resist  to  a  ceitain  degree  the  action  of  the  water.  The  top  of  the  bank  is 
covered  with  a  small  growth  of  willows  interspersed  with  young  elms 
and  i)oplar8. 

Before  Colt's  dike  was  built,  there  were  small  stone  piers  to  protect 
this  bank. 

The  bank  of  the  river  upon  the  east  side  has  become  tilled  out  with 
sand  deposited  in  freshets.  The  bank  at  present  is  about  five  feet  high, 
where  40  years  ago  there  wa«  said  to  be  about  five  feet  of  water,  show- 
ing an  average  deposit  of  three  inches  a  year.  During  the  high  water 
of  last  August  there  was  a  deposit  of  one-third  of  an  inch  upon  the 
surfaee  of  the  meadow. 

The  bank  is  fringed  with  small  trees,  some  of  which  may  be  20  vears 
old. 

The  bottom  of  the  river  on  the  east  side  is  hard  sand,  in  some  places 
formed  into  small  ridges  running  at  right  angles  to  the  bank  and  slop- 
ing gradually  to  the  channel,  where  the  material  changes  to  coarse  sand 
and  gravel.  On  the  west  side  of  the  channel,  the  bottom  is  hard  clay, 
though  in  some  places,  and  especially  along  the  water's  edge,  the  sand 
dei>osited  by  freshets  still  remains. 

Near  the  west  bank  is  a  small  island,  shown  at  B  on  the  maps,  which 
a  few  years  ago  was  a  projection  into  the  river  called  the  natural  wharf. 
The  water  has  washed  behind  it  and  is  lea^ing  it  in  the  channel,  where 
it  will  soon  become  a  very  serious  impediment  if  not  taken  care  of.  The 
channel  will  also  probably  work  around  so  as  to  pjiss  between  this  island 
and  the  west  bank,  which  would  seriously  endanger  Colt's  embankment. 

The  shoalest  water  in  the  channel  is  opposite  this  island,  where  the 
depth  below  extreme  low  water  is  5.8  feet. 

The  old  pier  marked  C  on  the  map  was  built  by  the  Union  Company ; 
about  one-third  of  it  in  the  yeai'  1801,  soon  after  the  formation  of  the 
company,  and  the  other  two-tliirds  about  30  years  ago.  This  pier  was 
built  in  deep  water,  and  what  effect  it  was  intended  to  produce  upon  the 
channel  I  have  not  been  able  to  ascertain.  Just  below  the  Union  Ferry 
dock  is  a  small  pier  marked  D  on  the  map,  which  has  been  built  to  pro- 
tect the  bank  and  does  not  at  present  offer  any  obstruction  to  navigation. 
(See  sheet  No.  2.) 

Below  this  is  a  stone  heap,  marked  E  on  the  map,  lying  about  75  feet 
from  the  shore,  supposed  to  have  been  placed  on  the  bank  by  the  Union 
Company.  The  bottom  around  this  stone  heap  is  clay.  This  is  some- 
what of  an  obstruction  to  sailing  vessels,  but  not  to  steamboats  or  tows. 

The  pier  marked  F  on  the  map  was  built  about  15  years  ago  to 
protect  the  bank,  which  is  a  stiff'  clay.  It  has  been  worn  away  inside 
of  the  pier  a  distance  of  about  50  feet.  This  pier  is  little  or  no  obstruc- 
tion to  navigation,  as  the  channel  is  wide  at  this  point. 

49  w— Part  U 


The  left  bank  is  ii  sd'cj)  bank  of  cljiy,  rising  directly  frtiin  tlie 
line  to  a  height  of  l(t  or  12  feet.  On  this  si«ie  of  the  river  is 
marked  U  on  themapjwhidi  was  built  by  Mr.  Horace  Willianis,  tl 
eiitowirer  of  the  land,  to  protect  it.  It  is  merely  an  irregular 
broken  stone  and  mud.  At  pix'sent  it  does  not  ofi'er  any  serious  ( 
tion  to  navigation,  bnt  in  the  course  of  a  tew  years  it  will  jirob 
letl  in  the  channel  by  the  notion  of  tlie  water  npon  the  banks, 
somewhat  protects  the  banks  from  washing. 

This  bank  was  covered  with  brokeu  stone  32  ycai-s  ago,  sino 
it  has  wasiied  away  about  150  i'^t. 

Just  outside  of  the  pier  H  is  a  small  heap  of  stone,  marked  B 
map,  which  is  a  considenible  obstacle,  as  it  lies  directly  in  the  c 
Xo  account  was  obtained  of  how  it  came  there. 

The  channel  is  shallow  at  this  pla<'e,  and  has  been  in  yearf 
serious  impediment  to  uavipation.  The  depth  of  water  at  p'resei 
exti-enie  low  water  is  seven  leet.  Below  these  poin tsasand  shoal  h 
out  from  the  riffht  bank,  and  is  at  present  rapidly  increasing  in 

The  piers  I  and  J,  hIiowii  on  the  irmji,  weiv  originally  built  o 
the  left  bank  to  protect  it  and  to  improve  the  channel.  They  v> 
stmcted  by  the  Union  Coni])any  many  yeai-sago.  Until  within  al 
years  these  piers  fun^il  the  channel  over  to  the  right  bank 
river.  The  shoal  then  begun  to  make  out  frtnu  the  right  bai 
crowdtHl  the  channel  more  against  the  piers.  It  worked  around 
I  30  that  during  the  years  ISiiA  and  ItHH  vessels  passed  to  tb* 
the  pier  I  and  crossed  the  river  between  the  two  piers.  In  1 
steamboat  com|>any  dredged  out  the  channel  to  the  cast  of  pier  ■ 
which  time  it  has  been  extendiufr  gradually  into  the  left  banl 
river. 

The  old  meadow  road,  shown  on  sheet  Xo.  3,  ran  30  yei 
along  where  the  bed  of  the  river  now  is,  extending  out  about  oi 
of  the  way  across,  sliowing  the  extensive  changes  that  have  takt 
in  the  bed  of  the  river  at  this  point. 

llie  pier  marked  K  on  the  map  is  a  mass  of  broken  stone  n 
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The  channel,  in  crossing  from  the  right  bank  to  the  !N^ambric  wharf, 
passes  over  a  bar  on  which  there  is  very  little  water,  and  the  channel  is 
narrow  and  crooked. 

At  tlie  upper  part  of  the  survey,  on  sheet  No.  4,  the  bank  is  a  clay  loam, 
rising  about  12  or  15  feet  to  the  level  of  the  meadow,  and  is  washing 
away  rapidly,  at  the  rate  of  perhaps  about  15  feet  a  year.  BeU)w  the 
sunken  ti'ee  shown  on  the  map  it  is  covered  with  timber.  Further  down 
a  sand  beach  is  gradually  forming  out  from  the  shore. 

On  the  left  bank  of  the  river,  at  Keeney's  Point,  the  bank  is  low  and 
ssmdy,  and  is  making  out  into  the  present  bed  of  the  river. 

The  bottom  of  the  river,  from  the  right  bank  out  nearly  to  the  channel, 
is  soft  and  sticky,  seeming  to  be  formed  of  the  soft  loam  of  the  bank.  In 
the  channel  it  is  hard  sand  and  gravel,  and  on  the  north  side  it  is  sand 
mixed  with  the  alhivial  deposits  of  the  river. 

The  sunken  tree  shown  on  the  plan  lies  in  the  position  drawn,  and 
materially  assists  in  forming  the  dej)osit  on  the  bar.  The  least  dei)th  of 
water  in  the  channel  upon  this  bar  is  G.O  feet  below  extreme  low  water. 

About  a  mile  below  Pratt-s  ferry  is  Log  Bar  pier,  marked  M  on  the 
map  and  shown  on  sheet  No.  5,  and  about  900  feet  further  down  is  a 
small  pier  marked  N.  These  piers  were  built  out  from  the  south  bank 
by  the  Union  Company,  about  the  year  1840,  to  protect  the  bank  and 
imi^i'ove  the  channel.  Log  Bar  pier  now  lies  x^aitly  imbedded  in  the 
north  bank,  the  river  having  moved  about  400  feet  ,to  the  south  since 
the  pier  was  built.  Ten  years  ago  the  channel  ran  to  the  north  of  both 
these  piers ;  about  that  time  it  changed  to  the  south  of  the  pier  M,  and 
nm  between  the  piers  until  the  spring  of  18GG,  when  it  changed  to  the 
south  side  of  pier  N.  Since  that  time  part  of  each  of  these  two  piers 
have  been  removed  to  improve  the  channel  by  the  steamboat  company. 

The  bank  on  the  south  side  is  high  and  consists  of  ir  clavev  loam.  The 
bottom  of  the  river  in  the  channel  is  coarse  sand  and  gravel,  running 
into  sand  upon  the  north  bank.  The  north  bank  is  a  low  beach  of  sand 
mixed  with  earth  deposited  by  the  river. 

Half  a  mile  below  Log  bar  is  a  sunken  tree  near  the  right  bank,  which 
is  a  considerable  obstruction,  as  the  bank  is  steep  and  washing  away 
very  rapidly,  which  will  soon  leave  it  in  the  channel.  The  left  bank  is 
pure  sand,  with  no  vegetation  for  several  hundred  feet  back  from  the 
river.  The  point  at  the  bend  of  the  bank  is  shallow,  and  the  shoal  makes 
out  well  into  the  stream. 

The  wall  P  seems  to  be  a  simple  layer  of  stone  placed  upon  the  water's 
edge  to  protect  the  bank.  The  cutting  away  of  the  shore  has,  however, 
made  an  opening  behind  it  and  left  it  just  at  the  edge  of  deep  water, 
where  it  will  tumble  in  after  a  short  time. 

The  bottom  at  this  place,  in  fact,  from  O  to  P,  is  "sticky''  near  the 
right  bank,  gravelly  in  the  channel,  and  sandy  on  the  opposite  shore. 

The  easteiTi  bank  is  low  and  covered  with  quite  a  heavy  growth  of 
willows.  Below  this  last  point  is  an  old  pier  and  heap  of  stones,  marked 
Q  on  the  map  and  shown  on  sheet  No.  6,  which  is  called  Log  Bar  Junior. 
This  pier  was  built  from  the  left  bank  of  the  river  by  the  Union  Company 
to  improve  the  channel,  and  it  now  lies  imbedded  in  the  opposite  bank, 
where  it  is  mostly  out  of  water  at  low- water  mark.  The  channel  is  now 
close  to  the  left  bank  and  is  narrow,  but  of  sufficient  depth. 

At  the  point  R  upon  the  map  is  an  old  sunken  wharf',  which  is  a  seri- 
ous obstruction  to  navigation.  It  was  originally  built  on  the  eiistern 
shore,  but  the  wearing  away  of  the  bank  has  left  it  about  250  feet  out, 
and  upon  the  opposite  side  of  the  channel;  within  a  few  years  it  has 
been  paitially  di^edged  out.    What  is  left  consists  of  loose  stones  v»  vtk 


l>art  of  tlie  oast  ciiil  of  tlii^  pier.  The  steamboat  fompan.v  li 
di-edgi!d  out  about  oiie-tliii-d  of  the  west  end  of  the  pier  T  w 
year  or  two,  to  improve  the  chanitel,  jet  it  now  reiuaius  tortw 
difticult  for  the  hirge  steamboats  and  sailing  Teasels. 

The  bank  opposite  the  end  of  pier  8  is  wearing  away  rapid 
below  the  pier  T  it  is  filling  out.  The  left  bank  is  of  the  eb 
already  described,  being  a  elayej"  loam.  The  bottom  of  the  clc 
gravel,  running  into  Hand  towards  the  right  bank,  which  is  a  I 
pure  sand. 

8ume  distance  (jirthcr  down  the  river  are  the  piers  markeil  Z 
on  the  map  and  sliowii  on  the  slieet  No.  7,  about  a  »piarter  of 
apart,  at  a  plaee  known  as  Bivideud  bar.  The  channel  line  cliang 
the  west  side,  opiwsite  to  the  pier  U,  to  the  east  side,  oppos 
pier  V. 

The  first  mentioned  pier  lies  out  a  short  distance  in  the  rivi 
the  east  bank,  and  has  an  extensive  shoal  formed  around  it.  1 
Y  lies  close  to  the  west  bank,  and  ia  half  out  of  tlie  water  at  lo' 
mark.    It  has  deep  water  oft'  the  end  of  it. 

The  banks  on  which  these  piers  are  built  arc  low,  and  the  o 
banks  steep  and  coveivd  with  woods.  The  river  bed  is  sand,  witl 
iu  the  channel. 

About  three  miles  nbox'o  Middletown  is  Pistol  Point  bar,  wh 
at  the  npper  end  of  Gildersleeve's  island.  This  is  marked  W 
map  and  is  shown  on  sheet  Xo.  8.  Here  tliere  were  two  piers  I 
the  Union  Coinpaiiy,  one  long  one  from  the  right  bank,  and  the  o 
the  opiwsite  side  of  the  river,  just  above  a  brook  which  here  eut 
the  Connecticut. 

This  latter  irier  has  been  nearly-  all  dredged  out  in  conseqa 
changes  in  the  channel  iTquiring  it,  and  the  stone  has  been  de 
iilion  the  other  side  of  the  river,  forming  the  hook  to  the  north' 
the  opi>osite  pier  shown  on  the  map.  The  shoal  extending  i 
from  Gildersleeve's  island,  and  the  bar  to  the  northward  extend 
from  the  left  bank,  form  a  serious  obstacle  to  the  narigation 
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left  is  mostly  clay,  and  is  rapidly  washing  away  from  the  small  piers 
before  mentioned  to  opposite  the  lower  part  of  the  island,  near  Gilder- 
sleeve's  wharf.    Below  that  point  the  bank  is  rock. 

The  rapid  current  running  through  the  narrow  channel  east  of  the 
island  will  vsoon  widen  it  by  cutting  in  back  of  the  small  stone  wharf 
and  pier  shown  on  the  map  opposite  the  middle  of  the  island,  when 
those  will  become  serious  obstacles  in  the  channel,  and  will  require 
removal. 

The  bank  just  above  the  wharf  is  loamy,  and  has  been  cut  into 
already,  so  that  it  stands  nearly  vertical  in  the  small  bend  seen  on  sheet 
No.  8,  and  forms  an  eddy  that  Nvill  speedily  cut  its  way  behind  the 
wharf.  At  present  the  water  is  22  feet  deep  within  one  foot  of  the  bank 
at  the  water  line. 

The  bottom  of  the  river  at  this  place  is  generally  a  hard  sand.  The 
least  depth  of  water  upon  the  bar  in  the  channel  \fi  5.9  feet. 

Vessels  have  now  some  ditticultj'  in  working  through  the  narrow  chan- 
nel ea«t  of  the  island,  but  the  river  will  constantly  widen  at  this  place 
till  the  current  becomes  less  rapid. 

About  a  mile  and  a  half  below  Middletown  is  Mouse  island,  marked 
X  on  the  map  and  shown  on  sheet  No.  7,  which  lies  about  500  i'eet  from 
the  right  bank,  and  between  which  and  the  bank  lies  the  channel. 

This  island  is  above  water  at  low  stages  of  the  river,  and  is  formed  of 
a  hard  material,  containing  loose  stones  of  six  inches  and  under  in 
diameter.  The  channel  is  narrow  but  deep,  and  runs  close  to  the  right 
bank,  which  appears  to  be  permanent. 

The  bottom  is  gravel  in  the  channel,  stony  around  the  island,  and 
sandy  towards  the  opposite  shore.  The  next  point  where  there  has  been 
any  serious  obstruction  is  at  Sears's  shoal,  marked  Y  on  the  map,  which 
lies  about  a  mile  and  a  half  above  Higganum.  At  this  place  the  river 
widens  out  and  forms  a  shoal  in  the  middle,  extending  about  three- 
quarters  of  a  mile  up  and  down  the  river,  ending  in  a  fish  pier  marked 
Y.  The  channel  here  has  been  improving  during  the  past  few  years, 
and  at  present  this  shoal  does  not  otier  a  serious  impediment  to  naviga- 
tion.    The  bottom  of  the  river  here  is  a  hard  sand. 

Half  a  mile  above  Deep  river  is  Chester  Koek,  marked  Z  on  the  map 
and  shown  on  sheet  No.  9,  which  lies  dii^ectly  in  the  channel,  so  that 
vessels  pass  on  either  side  of  it  within  15  feet. 

This  rock  has  a  smooth  top  surface,  which  lies  5.8  feet  below  mean 
low  water,  and  is  of  the  rise  and  shape  shown. 

The  bottom  of  the  river  is  hard  sand.  Tlie  right  bank  is  a  low, 
marshy  meadow,  and  the  left  bank  is  rocky. 

The  stone  heap  shown  at  Z  on  the  map  is  probably  a  fish  pier,  and 
offers  no  obstruction  to  navigation. 

The  bar  at  the  mouth  of  the  river  is,  perhaps,  the  most  serious  obsta- 
cle to  the  navigation  of  the  Connecticut  that  is  to  be  disposed  of.  A 
8ur\'ey  of  this  was  made  by  the  United  States  Coast  Survey  parties  in 
1849  and  1851,  and  a  copy  of  the  chart  prepared  b}^  them  is  appended. 
Important  changes  have,  however,  tateen  place  since  that  time,  altering 
the  channel. 

The  channel  at  present  used  by  the  steamboats  and  other  vessels 
navigating  the  river,  is  shown  by  the  dotted  line  ui)on  the  chart  of  the 
bar  annexed.  This  channel,  according  to  the  evidence  before  the  com- 
mittee of  the  legislature  in  180(5,  was  100  feet  wide. 

An  attempt  was  made  to  take  soundings  upon  the  bar  during  the 
month  of  October,  but  the  weather  proved  too  rough  for  the  i)urpo8e. 
The  position  of  the  spar-buoy  marking  the  present  chauuel  ^'A^^  Xvo*^- 
ever,  fixed,  and  is  shown  on  the  chart. 
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An  approximate  estimate  of  the  depth  of  water  was  derived  from 
crossin*^  the  bar  on  two  occasions  in  the  steamboat  State  of  New  York 
at  nearly  low  tide,  when  she  just  passed  over,  tonchinjy:  the  bottom. 
From  the  draught  of  the  boat,  as  j^iven  by  the  captain,  and  the  time  which 
was  tlien  noted,  a  computation  of  the  depth  of  water  at  mean  low  water 
was  made.  One  of  the  observations  gave  a  depth  of  7.3  feet  and  tbe 
other  0.9  feet. 

At  Hayden's  Point,  half  a  mile  below  Essex,  there  are  some  rocks  and 
a  pier  m.arked  A  on  the  map,  and  shown  on  sheet  No.  10,  but  the  cbaimel 
is  deep  and  good  outside  of  them,  and  they  do  not  materially  interfere 
with  navigation. 

CHARACTER  OF  IMPROVEIMENTS. 

In  considering  the  (question  of  improving  the  navigation  of  the  Connec- 
ticut several  important  (piestions  arise  as  to  what  depth  it  is  desirable 
to  deepen  the  channel,  and  to  what  extent  it  is  advisable  to  make  an 
outlay  for  im])rovements  which  may  be  rendered  useless  by  changes  in 
the  bed,  which  are  always  likely  to  occur  in  a  river  of  the  cliaracterof 
the  Connecticut.  It  is  also  a  question  whether  it  should  be  endeavored 
to  make  the  channel  narrow  and  deep  for  steamers  and  tows,  or,  having 
n  moderate  depth,  be  wide  enough  for  the  passage  of  sailing  vessels. 

If  it  were  of  suflicient  importance  to  give  the  channel  of  the  river  a 
dei)th  of  12  or  15  feet  at  low  water,  and  to  render  the  channel  i)erma- 
nent,  this  could  be  done  by  constructing  parallel  dikes  at  a  pi-oper 
distance  apart,  as  has  been  done  on  the  Clyde,  the  Dee,  the  Seine,  and 
many  other  livers,  making  them  of  sui!icient  height  to  carry  all  the 
water  that  ordinmily  flows  in  the  stream  between  them,  but  so  that 
they  would  be  overflowed  by  the  high  freshets,  giving  the  river  it^  full 
waterway.  This  would  be  done,  but  would  involve  an  enormous  outlay 
both  for  the  dikes  and  for  the  extensive  works  that  would  become 
necessary  at  the  bar  to  secuie  the  proi)er  depth  of  water  at  the  mouth 
of  the  river.  The  trade  of  the  Connecticut  would  not  warrant  the  under- 
taking of  any  such  improvement  at  the  present  time,  although  it  is  by 
no  means  improbable  that  such  a  project  may  at  some  futui-e  time  be 
deemed  advisable. 

On  many  rivers,  instead  of  constructing  longitudinal  banks  as  above, 
a  series  of  ti*ansverse  spurs  are  carried  out  from  the  banks  for  the  pur- 
pose of  deepening  the  channel,  an  attempt  at  which  was  made  by  the 
Union  Comi)any  in  the  Connecticut.  They  act  by  confining  the  chaiiuel 
to  narrow  dimensions  and  form  pools  of  still  water  below  them  where 
eddies  form  and  silt  is  deposited.  Their  useful  effect  is,  however,  very 
small  when  compared  with  their  cost,  unless  they  are  placed  quite  near 
together;  the  currents  i)roduced  corrode  the  banks  in  a  serious  manner. 
If  sufticiently  close  together,  their  length  will  equal  and  be  quite  as 
expensive  as  longitudinal  dikes. 

In  all  works  intended  to  improve  the  navigability  of  a  river,  extreme 
care  is  required  in  attempting  to*alter  its  natural  condition,  whether  of 
width  or  dei)th,  because  the  result  of  any  interference  with  them  is 
always  very  uncertain.  It  is  preferable  in  all  cases  to  maintain  the 
river  within  the  limits  nature  has  given  it,  rather  than  attempt  io 
introduce  great  modifications,  even  though  they  should  seem  highly 
desirable. 

For  the  i)resent  requirements  of  the  river  it  appears  to  me  that  a 
mu(;h  more  moderate  depth  than  could  be  obtained  by  dikes  should  be 
aimed  at,  and  swch.  uu\>iovenients  made  in  those  parts  of  the  river 


REPORT  OF  THE  SECRETARY  OF  WAR.  775 

which  now  offer  the  greatest  obstacle  to  navigation,  that  they  shall 
be  made  as  practicable  as  those  parts  of  the  river  that  are  now  sufficient 
to  piiss  the  vessels  at  present  navigating  the  river. 

If  it  were  attempted  to  give  to  the  channel  of  those  parts  of  the  river 
which  have  heretofore  given  trouble  a  depth  greater  than  is  attainable 
at  other  points,  those  other  points  would  become  the  bars  and  would 
likewise  have  to  be  deepened. 

Under  the  instructions  received,  the  present  surveys  have  extended 
only  to  those  parts  of  tbe  river  at  which  obstructions  have  heretofore 
existed,  and  have  not  been  of  sufficient  magnitude  nor  embraced  a  suf- 
ficient portion  of  the  river  to  determine  the  data  necessary  for  extensive 
permanent  works  for  the  improvement  of  the  channel.  It  was  not 
contemplated  to  improve  it  to  any  greater  extent  than  what  is  necessary 
to  permit  the  vessels  at  present  used  upon  the  river  to  pass  at  all  stages 
of  the  water. 

This  it  is  believed  will  be  accomplished  by  giving  the  channel  a  depth 
of  eight  feet  below  low  water  mark,  or  nine  and  one-half  feet  below  the 
level  assumed  as  mean  low  water  upon  the  accompanying  maps,  which 
is  about  one  and  a  half  foot  above  tiie  lowest  water  ever  known  at 
Hartford,  and  which  is  perhaps  about  the  average  lowest  summer  level. 
The  river  has  reached  low- water  mark  at  Hartford  upon  only  two  occa- 
sions that  are  known  of  since  1801,  and  does  not  perhaps  once  in  10 
years  get  within  six  inches  of  it,  and  when  it  does  it  is  only  for  a  short 
time,  in  a  favorable  wind,  and  an  extremely  low  tide. 

It  is  proposed  to  make  the  channel  in  those  places  where  dredging  is 
resorted  to  200  feet  wide.  This  is  believed  to  be  a  sufficient  width. 
There  are  many  places  where  it  is  narrower  than  this,  but  there  the 
sides  are  generally  well  defined  and  the  imrrow  places  short  and  soon 
widening  out  to  a  much  greater  width  than  tliat  above  stated.  This 
depth  and  width  it  is  proposed  to  obtain  by  dredging  out  the  channel 
u|>on  the  bars,  and  removing  such  piers  and  other  obstructions  as  inter- 
fere with  the  navigation  of  the  present  channel,  or  throw  the  current  out 
of  its  proper  course. 

Where  the  dredging  is  done  in  the  proper  direction  of  the  current,  the 
natural  fiow  of  the  water  will,  in  all  probability,  keep  it  clear  until  the 
banks  become  so  changed  as  to  alter  the  general  course  of  the  stream. 

The  bars  are  now  of  hard  and  packed  material,  which  resists  the  action 
of  the  current,  and  if  once  dredged  out  woidd  not  probabl}^  again  fill  up  so 
long  as  the  river  remains  in  the  same  bed.  The  silt  deposited  in  the  chan- 
nel by  freshets  would  probably  again  wash  out  as  the  water  fell  and  leave 
the  channel  clear. 

Upon  the  bar  at  the  mouth  of  the  river  nothing  can  be  done  but  to 
dredge  out  a  channel  to  the  required  depth.  According  to  the  draught  of 
water  given  of  the  State  of  ^N^ew  York,  the  depth  in  the  channel  on  the 
bar  is  now  about  seven  feet  at  mean  low  water.  This  would  require  that 
the  bar  should  be  dredged  out  one  and  a  half  feet  <leeper  to  conform  to 
the  additional  depth  given  to  the  river,  or  eight  feet  below  extreme  low 
water. 

As  there  has  been  no  resurvey  of  the  bar,  no  exact  estimate  of  the 
quantity  of  material  to  be  removed  can  be  made. 

Any  means  taken  to  increase  the  depth  of  water  ui)on  the  bar  will  at 
best  be  but  temporary.  Dredging  will  improve  the  channel  for  a  limited 
time,  perhaps  some  years,  but  the  history  of  such  ports  as  Rye,  Dunkirk. 
Aigiies-Mortes,  and  others,  shows  that  the  permanent  improvement  of 
channels  over  bars  is  almost  impossible. 


\ 


suivoy,  on  siieet  2io.  i,  were  oxteiiued  soutnwam to tne  pra|M>sc«  j 
it  would  be  iiii  .additional  ineiiiis  of  preaorviiig  the  dejith  of  the  cha 
biit  it  is  Iwlieved  that  preventing  tlie  water  from  working  to  tlie 
w»rd  of  the  island  niiirkod  B,  and  tlie  slight  detlectioii  to  the  eas 
gii'eii  to  the  current  by  the  piling,  will  preserve  the  ebanuel  of  sutl 
depth. 

The  line  of  the  propo.sed  dredging  is  marked  by  black  dotted  lir 
the  sheet  No.  1,  and  the  line  ot  the  proposed  piling  by  a  broke 
extending  from  the  shori'  to  the  island  B. 

.  The  material  dredged  out  enn  be  put  into  Weathersfield  wt 
Keeuey's  cove,  about  two  miles  below.  At  the  pier  C,  l>elow  the  I 
ilova  not  appear  neeessary  that  anything  shouhl  be  done.  The  pie 
helps  the  channel  by  deei>ening  the  water  towards  the  eastern  batil 
should  not  be  removed. 

The  small  pier  markc<l  D  is  at  present  doing  no  harm,  and  vr 
i-equire  removal. 

The  stone  heap  marked  E  is  not  now  in  the  channel,  but  wi! 
beeonie  so  by  the  wear  upon  the  banks,  and  requires  to  be  reinov* 

The  pier  F  now  liesjnst  upon  the  edge  of  the  channel,  and  willi 
nally  have  to  be  removed,  but  at  present  it  lies  just  alwjve  a  wharf 
it  serves  to  pixitect,  and  wliith  would  be  an  objection  to  its  reinova 
such  time  as  the  river  works  its  way  behind  it.  For  the  preseii 
proposed  to  let  it  remain. 

The  pier  G  is  at  present  doing  goo<l  service  in  protecting  the  hi 
the  river,  as  was  originally  intended  when  it  was  co!istmete<t. 
outside  of  it,  however,  is  a  small  stone  heaj)  H,  which  now  lies  jiisl 
the  west  side  of  the  chminel,  and  between  which  and  Gn  bar  has  li 
which  will  require  dredging  out.  The  area  tn  be  dredged  is  iiK 
between  the  dotted  lines. 

The  stone  heap  H  will  also  require  to  be  removed,  which  will  pi 
the  bar  reforming. 

The  i)iers  I  and  J  are  at  present  great  obstacles  to  the  nangal 
the  river  by  siiiling  vessels,  and  will  n'qnire  to  be  removed. 
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nel  in  tlie  direction  of  the  natural  current,  200  feet  wide  and  nine  and 
one-half  feet  below  the  lowest  water  of  the  present  year,  or  eight  feet  below 
extreme  low  water.    This  will  deepen  the  water  upon  the  bar  1.5  foot. 

The  dredging  will  be  about  1,400  feet  in  length  and  nearly  in  the 
present  deepest  water.  The  area  is  shown  between  the  dotted  lines  on 
the  sheet  No.  4.  , 

The  material  dredged  out  can  be  put  on  the  right  bank  of  the  river, 
about  two  and  a  half  miles  below. 

At  Log  bar  and  the  old  i)ier  below,  marked  M  and  N  on  the  map,  no- 
thing will  require  to  be  done,  as  the  channel  opposite  these  points  is  good 
and  the  piers  will  probably  never  do  any  harm. 

At  O  the  sunken  tree  which  lies  in  the  channel  must  be  removed.  The 
old  wall  at  P  is  at  present  out  of  the  channel,  but  will  probably  eventu- 
ally be  brought  nearer  the  middle  by  the  wash  of  the  river,  and  it  has 
consequently  been  considered  better  to  remove  it. 

The  pier  at  Log  Bar  Jiuiior  is  now  quite  out  of  the  way  of  the  channel, 
and  does  not  require  attention,  but  there  is  a  small  stone  heap  near  it 
which  requires  to  be  removed. 

The  old  sunken  wharf  at  R  now  lies  directly  in  the  channel,  on  the 
west  side,  with  only  about  three  and  a  quarter  feet  of  water  upon  it  at 
extreme  low  water.    This  will  require  to  be  taken  out. 

At  the  Glastenburj'  piers,  marked  S  and  T,  although  the  channel  is 
now  of  sufficient  depth,  it  is  extremely  crooked  and  very  difficult  even 
for  steamboats,  except  by  daylight.  It  is  thought  best  at  this  point  to 
remove  parts  of  each  of  the  two  piers  and  dredge  out  the  channel,  to 
make  it  more  direct  and  prevent  the  great  wash  ui)on  the  bank  that  now 
exists  opposite  the  end  of  the  pier  S. 

By  removing  part  of  the  pier  S  it  is  believed  that  the  channel  above 
will  be  made  wider  than  at  present,  by  removing  the  sand  shoals  that 
now  extend  out  above  the  pier. 

The  material  moved  (!an  be  put  on  the  other  side  of  the  river,  below 
the  pier  Q.  There  is  also  a  good  place  about  a  mile  and  a  half  dow  n  the 
river,  near  the  east  bank. 

The  piers  marked  U  and  V,  at  Dividend  bar,  are  at  present  probably 
more  benefit  than  damage  to  the  channel,  and  should  not  be  removed. 

At  Pistol  Point  bar,  marked  W,  it  is  thought  best  to  dredge  out  a 
channel,  in  the  natural  direction  of  the  current,  200  feet  wide  to  a  depth 
of  nine  feet  below  the  lowest  water  during  the  past  season,  or  about 
eight  feet  below  extreme  low  water.  This  will  increase  the  depth  of 
water  in  the  channel  2.1  feet. 

Most  of  the  material  removed  can  be  put  below  the  pier  on  the  right 
bank  of  the  river,  opposite  the  island ;  or,  if  this  should  prove  insufficient, 
p^jirt  can  be  deposited  on  the  left  bank  of  the  river,  below  Mouse  island, 
about  five  miles  distant. 

The  dotted  black  lines  show  the  channel  to  be  dredged  out.  It  is  also 
deemed  best  to  remove  part  of  the  stone  remaining  of  the  small  pier  on 
the  east  side,  just  above  the  island. 

At  Mouse  island,  marked  X  on  the  map,  it  is  not  deemed  advisable  to 
do  anything  to  the  channel.  It  is  sufficiently  deep,  although  quite 
naiTow. 

At  Sears's  shoal,  marked  Y,  the  channel  does  not  seem  to  be  so  shal- 
low as  to  need  improvement.    The  fish  pier  likewise  is  doing  no  harm. 

Chester  liock,  marked  Z,  will  require  to  be  taken  out  to  a  depth  of 
three  feet  below  the  present  highest  point,  as  it  lies  directly  in  the  chan- 
nel. The  fish  i>ier  near  it  can  be  allowed  to  remain  without  injury  to  the 
channel. 
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The  rock  and  pier  at  Hayden's  Point,  marked  A,  can  be  left  in  their 
present  position  without  injury  to  the  cliannel,  or  impeding  navigation. 

At  two  or  three  places  on  the  river,  not  mentioned  above,  there  jure 
trees  in  the  channel  that  should  be  removed. 

EXPENSE   OF  IMPROVEMENT. 

.    The  following  is  an  estimate  of  the  probable  expense  of  improving  the 
channel  by  removing  obstacles  and  dredging,  as  above  proposed : 

At  Saybrook  bar  no  reliable  estimate  can  be  maile  from  the  survey  of 
1849  and  1851,  on  aecount  of  changes  in  the  bar,  but  au  approximation 
to  the  probable  expense  of  a  channel  200  feet  wide  and  eight  and  a  half 
feet  deep,  at  mean  low  water,  has  been  made  and  added  to  the  estimate 
for  the  work  upon  the  river. 

ESTIMATE. 

Hartford  bar : 

Dredging  37,000  cubic  yards,  at  50  cents $18,500  00 

700  piles  14inch  butt,  18  feet  long,  at  $2  75 81,925  00 

Driving  and  flattening  edges,  at  82 1,400  (H) 

1,400  feet,  4  by  8  caps,  4  M,  at  $50 200  00 

235  bolts  at  80  cents 188  00 

Work  on  capping,  &c 150  00 

3, 8(>3  00 

Eemoving  stone  heap  E : 
Loose  rock,  107  cubic  yards,  at  $1 107  00 

Bar  at  Clay  Banks : 
Dredging  3,750  cubic  yards,  at  50  cents 1, 875  00 

I  Removing  stone  heap  H  : 

Loose  rock,  200  cubic  yards,  at  81 200  00 

Removing  pier  I : 
Loose  rock,  1,050  cubic  yards,  at  81 1, 050  00 

Remo\ing  i)ier  J  : 
Loose  rock,  1,120  cubic  yards,  at  81 1, 120  00 

Gully  below  Weathersfleld : 
Piling,  100  feet,  at  $5  50 550  00 

Pratt's  Ferry  bar : 
Dredging  10,040  cubic  yards,  at  50  cents 8, 020  00 

Removing  old  wall  P  : 
Loose  rock,  60  cubic  yards,  at  81 CO  00 

Remo\ing  stone  heap  at  Log  Bar  Junior : 
Loose  rock,  75  cubic  yards,  at  81 - 75  00 

Removimg  sunken  wharf  R  : 

Dredging  300  cubic  yards,  at  50  cents 150  00 

Loose  rock,  100  cubic  yards,  at  81 190  00 

'  250  00 

Work  at  pier  S  : 
Dredging  9,970  cubic  yards,  at  50  cents 4, 535  00 

Loose  rock,  520  cubic  Vards,  at  81 520  00 

5,055  00 


! 
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Work  at  pier  T : 

Dredging  9,460  cubic  yards,  at  50  cents $4,  730  00 

Loose  rock,  440  cubic  vards,  $1 440  00 

$5, 170  00 

Pistol  Point  bar : 

Dredging  15,180  cubic  yards,  at  50  cents 7, 590  00 

Loose  rock,  65  cubic  yards,  at  $1 05  (K) 

7, 055  00 

Chester  rock : 

Solid  rock,  202  cubic  yards,  at  $5. '. . . .        1, 010  00 

Removing  sunken  trees 150  00 

Total  for  river 55, 310  00 

Say  brook  bar: 
Dredging  15,000  cubic  yards,  at  60  cents 9, 000  00 

Total,  including  bar 64, 310  00 


The  foregoing  estimate  is  based  upon  what  may  be  considered  the 
l>resent  needs  of  the  river  in  the  way  of  improvements  to  render  its  navi- 
gation more  easy  and  safe.  From  the  character  of  the  river,  however, 
a«  has  already  been  explained,  it  will  require  an  additional  expenditure 
each  year  to  keep  the  channel  in  as  good  condition  as  the  before-men- 
tioned improvements  would  render  it  when  comj)leted.  From  the  knowl- 
edge of  the  river  acquired  by  personal  inspection  during  the  survey,  it  is 
my  opinion  that  an  annual  outlay  of  $5,000  or  $6,000  would  keep  the 
channel  in  good  condition  for  vessels  draAving  nine  feet  of  water  to  navi- 
gate the  river  at  the  usual  low  summer  level. 

This  seems  a  small  sum  in  comparison  with  the  great  amount  received 
for  freight  and  passengers  transported  on  the  river,  and  would  be  but  a 
small  percentage  of  the  amount  of  freight.  It  would  seem  that  the 
benefits  to  be  derived  from  the  i)roposed  imi)rovements  woidd  warrant 
a  much  greater  outlay. 

THE  BUSINESS  UPON  THE  RIVEK. 

The  information  regarding  the  business  of  the  river  and  the  amount 
of  tonnage  of  vessels  owned  and  used  upon  it,  has  been  derived  mainly 
from  the  evidence  taken  before  the  legislative  committees  in  the  springs 
of  1860  and  1867  upon  the  question  of  bridging  the  river  below  Hart- 
ford. The  facts  stated  are  compiled  from  the  statements  of  various  per- 
sons, but  mostly  from  those  of  Elisha  T.  Smith,  esq.,  the  president  of 
the  steamboat  company. 

The  river  remains  open  for  navigation  an  average  of  nine  and  a  quar- 
ter months  in  each  year.  It  closes  about  the  8th  of  December  and  opens 
about  the  Ist  of  March.  For  sailing  vessels,  the  time  is  about  eight  and 
a  half  months. 

There  Avas  owned  in  this  district  in  1865  shii^ping  to  the  amount  of 
17,040  tons,  valued  at  $1,800,000. 

At  Hartford  about  40  men  were  in  the  same  year  employed  in  ship- 
building, and  at  Goodspeed  landing,  in  East  Haddam,  vessels  to  the 
amount  of  2,000  tons  were  built,  valued  at  $250,000. 
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In  1806  the  amounts  of  freight  upon  the  river  were  nearly  as  follows: 

Tons. 

Amount  of  freight  both  ways  on  steamboats  to  and  from 

Hartford 874,200 

Freight  to  Hartford  by  propellers  and  sailing  vessels 201, 600 

Down  freight  by  the  same 16, 000 

Total  Hartford  freight 292,200 

Freight  between  Hartford  and  Middletown 24,  OOO 

Freight  from  Portland 220,000 

Freight  at  towns  below  Middletown 79,  oL^ 

Total 015, 712 


In  1805  the  amount  was  500,000  tons.  The  total  receipts  for  freight 
in  1805  were  about  $1,100,000.    In  1800  it  was  said  to  be  $l,3r>(),000. 

There  are  upon  the  river  three  large  st^«amboats  of  from  1,500  to  2,000 
tons,  making  daily  trips  to  Kew  York,  and  tAvo  smaller  ones,  one  makin}^ 
daily  trips  to  New  London  and  Sag  Harbor,  and  the  other  making  two 
trips  a  day  on  the  river  between  Hartford  and  Essex.  There  is  also  a 
line  of  propellers  running  to  Albany,  and  one  to  Philadelphia. 

In  1800  the  immber  of  passengers  to  and  from  New  York  by 

steamboat  was 20,211; 

Way  passengers  on  the  river 27,008 

By  Sag  Harbor  steamboats.  - 10,000; 

Total  number  of  passengers 63,219! 

The  total  amount  received  from  passengers  by  the  steamboat 

company  was $12o,  .>oG 

By  Sag  Harbor,  about 8,00a 

Total  amount  received 13.3,550 


The  number  of  trips  to  and  from  Haitford  by  the  st4?amboat 

company's  boats  was 1^  H^ 

By  Sag  Harbor  boats. -^ 

By  sailing  vessels  and  x)ropellers 1,  ^ 

Total  number  of  trips 3,  I6ti'" 


This  is  all  I  can  learn  with  regard  to  the  present  state  of  the  trade 
upon  the  river.  There  is  doubtless  much  omitted  that  did  not  oom< 
luider  the  observation  of  the  persons  whose  evidence  was  takeu,yet  th< 
amount  named  may  be  considered  a  good  approximation  to  the  aetualj 
business  of  the  river. 

Were  the  channel  deepened  so  as  to  admit  vessels  of  greater  tonnage,] 
the  business  of  the  river  would  undoubtedly  be  largely  increased. 

THE  AMOUNT   OF  REVENUE  IN  THIS   COLLECTION  DISTBICT. 

All  of  the  improvements  proposed  lie  within  the  collection  district  of] 
JVIiddletown,  which  embraces  Windsor  and  all  the  towTis  below  on  the 
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Connecticut  river  except  Lynn,  also  including  Westbrook  and  Clinton, 
on  Long  Island  sound,  Avest  of  the  mouth  of  the  river. 

With  regard  to  the  amount  of  revenue  collected  and  the  opinion  of 
the  collector,  I  cannot  do  better  than  to  give  his  reply  to  my  letter  of 
inquiry  in  full  : 

CUSTOM-HOUSE,  MiDDLKTOWN,  CONNECTICUT, 

CotUclor's  Office,  October  14,  1867. 

Sir  :  In  reply  to  the  inquiries  made  in  your  letter  of  thd  1  ith  instant,  I  will  state  that  the 
amount  of  revenue  collected'  at  this  office  for  the  fiscal  year  ending  June  30,  1867,  was 
$17,967  01. 

The  average  amount  collected  during  the  five  preceding  years  was  $11,^9  S7,  showing 
an  increase  in  the  last  over  the  five  preceding  years  of  $6,577  14,  or  about  36^  per  cent. 

In  my  opinion,  the  business  on  Connecticut  river  would  be  increased  if  the  obstractions 
in  the  channel  were  removed,  more  especially  on  the  portion  above  Mlddletown. 

If  the  channel  at  Saybrook  bar  was  Improved  so  as  to  allow  vessels  of  a  larger  draught  of 
water  to  enter  the  river,  I  have  no  donbt  the  foreign  trade  on  the  river  would  greatly  increase 
thereby  enhancing  the  revenue  of  this  collection  district. 
I  am,  very  respectfully,  your  obedient  servant, 

O.  UTLEY,  Collector. 
General  T.  G.  Ellis, 

Engineer  in  Charge  Connecticut  River  Survey. 

List  of  maps  and  charts. 

The  following  is  a  list  of  maps  and  charts  aceomi^anying  this  report: 

A.  A  general  map  of  the  river  from  Hartford  to  the  sound,  showing 
the  points  referred  to  in  this  report. 

B.  A  chart  of  the  river  at  Hartford  bar,  showing  the  points  B  and  C, 
(sheet  Xo.  1.) 

C.  A  chart  showing  the  points  marked  D,  E,  F  and  K,  (sheet  No.  2.) 

D.  A  chart  of  the  river  at  the  clay  banks,  showing  the  points  marked 
G,  H,  I  and  J,  (sheet  No.  3.) 

E.  A  chart  of.  the  river  at  Pratt's  ferry,  showing  the  point  marked  L, 
(sheet  No.  4.) 

F.  A  chart  showing  the  points  marked  IVL  N,  O  and  P,  (sheet  No.  5.) 

G.  A  chart  showing  the  points  marked  Q,  E,  S  and  T,  (sheet  No.  6.) 
H.  A  chart  showing  the  points  marked  U,  V  and  X,  (shee,t  No.  7.) 

1.  A  chart  of  the  river  at  Pistol  Point  bar  and  Gildersleeve's  island, 
(sheet  No.  8.) 

J.  A  chart  showing  the  points  marked  Y  and  Z,  (sheet  No.  9.) 
K.  A  chart  showing  the  point  marked  A,  (sheet  No.  10.) 
L.  A  copy  of  the  chart  of  Saybrook  bar. 

In  concluding,  I  take  great  pleasure  in  expressing  my  obligations  to 
the  many  persons  from  whom  I  have  obtained  information  regarding  the 
river,  particularly  to  Elisha  T.  Smith,  esq.,  the  president  of  the  steamboat 
company,  and  the  captains  of  the  river  boats,  from  whom  I  have  received 
much  valuable  information,  and  who  have  furnished  me  with  every 
facility  in  their  power  during  the  progress  of  the  siu*vey.  I  am  also  much 
indebted  to  Wm.  W.  Eaton,  esq.,  for  the  use  of  his  notes  of  the  evidence 
taken  before  the  legislative  committees  herein  referred  to. 

Very  respectfully,  youis, 

THEO.  G.  ELLIS, 

Civil  Engineer. 
Colonel  D.  C.  Houston, 

United  States  Engineers. 
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P5. 

Headquarters  Corps  of  Engineers, 

WaMngtoUy  I).  C,  January  22, 186S. 

Colonel:  Your  attention  is  directed  to  the  report  of  Brevet  Major 
Ceiieral  Warren's  survey  of  the  upper  Mississippi  river,  (January,  18()T.) 
a  copy  of  which  was  sometime  since  forwarded  to  you,  for  adesoriiv 
tion  of  Long's  scraper  in  connection  with  wing-dams,  or  .without  them, 
for  increasing  the  depth  of  water  over  the  bars  of  rivers. 

The  removal  of  the  bars  in  the  Connecticut  river  seems  to  offer  a 
good  opportunity  for  the  use  of  this  contrivance,  which  has  been  applied 
with  success  l)y  General  Warren  during  the  past  seasou. 

Shouhl  the  velocity  of  the  surface  cunents  over  the  bar  be  (as  re- 
ported by  Captain  W.  II.  Swift,  topographical  engineers)  three  ftet  {m 
second,  and  the  bottom  tine,  soft  material,  it  might  be  removed  l)y  stir- 
ring up  witli  a  screw  dredge,  or  a  Long's  scraper,  and  it  might  he  advan 
tageous  to  try  these  expedients  before  resorting  to  dredging:  by  buckets. 

You  will  please,  therefore,  examine  into  this  subject  and  give  your 
views  thereon. 

Your  estimates  for  improving  the  river  may  be  sufficient,  but  for  tbe 
improvement  of  the  mouth  they  are  deemed  inadequate. 

The  iiK5h)sed  extracts  from  the  annual  reports  of  Captain  Swift,  the 
officer  in  charge  of  the  former  improvement,  show  the  progivi^  of  the 
work,  the  difficulties  he  met  with,  and  the  reason  for  the  increase  of  a^ 
of  dredging  upon  the  Saybrook  bar.  They  show  also,  conclusively, 
that  no  liermanent  cut  can  be  made,  but  that  the  channel  may  be  kept 
open,  w  hen  once  made  by  a  small  amount  of  yearly  dredging,  or  what 
would  be  better,  if  feasible,  by  the  use  of  scrapers  or  stirrers. 

It  wouUl  not  be  advisable  to  present  your  report  of  January  11th  to 
Congress  until  the  results  of  your  further  investigations  are  received. 
Verv  respectfully,  your  obedient  servant, 

A.  A.  HUMPHREYS, 
Brigadier  General  Engineers j  Commanding, 

Major  and  Brevet  Colonel  D.  C.  Houston, 

Corps  of  Engineers,  Newport,  R.  J. 


P  6. 
Engineer  Office,  United  States  Army, 

Newport,  B.  L,  January  21  j  1808. 

General:  I  have  the  honor  to  aeknowledge  the  receipt  of  your  letter 
of  the  22d  instant,  calling  my  attention  to  the  report  of  Brevet  Major 
General  Warren  of  the  survey  of  the  upper  Mississippi,  (January,  1867,) 
and  inclosing  extracts  from  the  annual  reports  of  Captain  W.  H.  Swift, 
topographical  engineers  United  States  army,  on  the  former  improve- 
ment of  the  mouth  of  the  Connecticut  river. 

I  have  attentively  refid  the  report  of  General  Warren  describing  the 
scraper  devised  by  Colonel  Long,  and  cannot  doubt,  from  the  statements 
therein  contained  and  from  his  successful  use  of  scrapers  in  the  upper 
Mississippi  during  the  past  year,  that  it  would  be  by  all  means  adns- 
able  to  try  the  use  of  them  in  deepening  the  water  on  the  bars  of  the 
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Connecticut  river,  especially  those  above  Middletown,  before  attempting 
tc>  accomplish  that  object  by  the  more  expensive  operation  of  excava- 
tion. Owing  to  the  shifting  character  of  the  bed  of  the  Connecticut, 
and  the  (Jilmost)  certainty  that  any  artificial  channel  will  require  period- 
ical efforts  to  maintain  it,  it  is  not  so  important  that  the  material  removed 
from  the  bars  should  be  deposited  where  it  will  remain  as  is  the  case  in 
other  localities,  where  there  is  every  reason  to  believe  that  a  permanent 
channel  will  be  maintained  by  action  of  the  tides. 

For  this  I'eason  economy  urges  the  use  of  scrapers,  if  practicable,  and 
from  the  velocity  of  the  current  on  the  bars  above  Middletow  n,  there 
seems  no  reason  why  they  should  not  answer  the  purpose,  except  where 
the  bottom  is  gravel,  in  which  case  it  will  probably  be  necessary  to  use 
an  excavator. 

On  the  bar  at  the  mouth  it  is  uncertain  what  would  be  the  action  of 
the  current  on  the  material  loosened  by  the  scrapers.  At  the  mouth  of 
the  Mississippi  the  current  is  always  in  one  direction,  while  at  the 
mouth  of  the  Connecticut  we  have  the  alternate  ebb  and  tlood  currents 
from  the  tides  of  the  sound.  Still  1  think  it  advisable  to  try  the  scraper 
in  this  case. 

It  is  i)ossible  at  once  to  make  a  trial  of  the  scraper  in  the  Thames 
river,  and  from  the  success  in  removing  the  sand-bars  on  the  upper 
Mississippi,  I  would  recommend  the  immediate  constniction  of  a  scraper 
to  be  used  on  the  Thames.  Even  if  it  should  not  fully  answ  er  the  piir- 
l)ose,  it  will  have  the  effect  of  loosening  the  material  to  be  dredged,  as 
well  as  diminish  its  amount.  Tlie  velocity  of  the  ebb  current  in  the 
Thames  was  found  to  exceed  three  feet  i)er  second.  Should  this  recom- 
mendation be  approved,  I  request  to  be  furnished  with  an}^  detailed  in- 
formation in  possession  of  the  dei)artment,  not  contained  in  General 
Warren's  report,  in  relation  to  the  use  of  the  scraper,  and,  if  possible, 
authority  to  construct  a  scraper  here  by  day's  work,  and  employ  a  suit- 
able tug-boat,  without  the  delays  incident  to  the  system  of  advertisnig, 
making  contracts,  &c.  In  a  matter  of  this  kind,  and  in  this  locality,  a 
satisfaetory  contract  cannot  well  be  made. 

In  regard  to  the  estimate  for  dredging  the  bar  at  the  mouth  of  the 
river,  it  was  ba«ed  on  the  assumption  that  it  was  desirable  to  obtain 
a  ceannel  100  feet  wide  and  8i  feet  deep  at  low  water,  this  depth  corre- 
sponding to  the  depth  proposed  to  be  obtained  on  the  bars  above  3Iid- 
dletown  at  extreme  low  w  titer.  The  present  dei)th  of  water  on  the  bar 
at  the  shoalest  place  is  7  feet,  as  near  as  could  be  ascertained;  but  this 
occm-s  only  for  a  short  distance.  I  assumed,  then,  that  the  prism  to  be 
excavated  would  be  2,000  feet  x  100  teet  x  2  feet =14,815  cubic  yards,  say 
15,000  cubic  yards. 

ESTIMATE. 

15,000  cubic  yards,  at  50  cents  per  yard $7,500  00 

Contingencies 2,500  00 

Total 10,000  00 


It  would  be  desirable  to  obtain  a  deeper  channel,  but  from  my  inqui- 
ries at  Hartford  before  the  survey  was  conmienced,  the  great  desideratum 
and  immediate  want  seemed  to  be  the  im[)rovement  of  the  river  between 
Middletown  and  Hartford;  so  much  so,  that  I  had  some  hesitation  at 
first  about  presenting  an  estimate  for  the  improvement  of  the  bar  at  this 
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time.  I  inclose  herewith  a  re\ased  estimate  for  excavating  a  channel 
over  the  bar;  first  to  obtain  a  depth  of  9  feet  at  low  water;  and  sec- 
ond, to  obtain  a  depth  of  12  feet. 

I  am,  general,  very  respectfully,  your  obedient  servant, 

D.  C.  HOUSTON, 
Major  of  Engineers^  Brevet  Colonel  United  States  Army, 

Brevet  Major  General  A.  A.  HuivrPHREYS, 

Commanding  Corps  of  Engineers  U.  S.  -A.,  Washington^  D.  C. 


Estimate  of  cost  of  deepening  tJie  channel  on  the  bar  at  the  mouth  of  the 

Connecticut  river,  by  excavations. 

First,  To  obtain  a  channel  200  feet  wide  and  9  feet  deep  at  low  water. 

The  present  depth  on  the  bar  at  its  shoalest  place  being  7  feet,  we  may 
assume  that  the  prism  to  be  excavated  is  2,000  fe^tx200  feet  x  2  feet= 
800,000  cubic  feet  or  30,000  cubic  yards,  the  extremities  of  the  2,000  feet 
channel  being  now  in  9  feet  of  water. 

Cost  of  employing  cham  bucket  ma<;hine  and  scows  per  week,  including 
breakages,  $600;  capacity  of  machine  per  day,  400  cubic  yards;  assum- 
ing an  average  of  three  working  days  per  week,  we  have  1,200  yards  per 
week,  at  50  cents  per  yard  =  $600. 

30,000  cubic  yards,  at  50  cents  per  cubic  yard $15,000  00 

Contingent  exi^enses,  supervision,  &c 2,500  00 

Total 17,500  00 

Time  required  for  one  machine,  25  weeks  or  6  months. 
Second.  To  obtain  a  channel  200  feet  wide  and  12  feet  deep  at  low 
water. 

The  prism  would  be  200  feet  x  3,125  feet  x  5  feet  =  3,125,000 
cubic  feet,  or  116,000  cubic  yards,  nearly,  at  50  cents  per 
cubic  yard $58,000  00 

Supposing  the  work  to  be  done  in  one  season,  there  would  be 
required  four  machines  for  six  months ;  add  to  the  above, 
contingencies,  supervisions,  &c 4,000  00 

Total 62,000  00 

Under  favorable  circumstances  the  capacity  of  the  machine  is  greater 
than  as  above  mentioned.  The  prism  assumed  exceeds  the  amount  act- 
ually required  to  be  excavated ;  but  this  assumed  excess  is  equalized  by  the 
quantity  which  the  machines  will  necessarily  excavate  below  the  d'eptii 
required  in  order  to  secure  that  depth. 
Kespectfully  submitted. 

D.  C.  HOUSTON, 
Major  of  Engineers^  Brevet  Colonel  U.  8.  A. 

Engineer  Office  U.  S.  A.,  Newport^  R.  7.,  January  27 j  1868. 

The  amount  estimated,  $17,500,  for  excavating  a  channel  9  feet  deep 
at  low  water  would,  according  to  the  estimate  of  Major  H.  C.  Long,  (and 
these  estimates  would  not  be  exceeded  here,)  operate  a  scraper  for  seven 
months. 
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P  7. 

Engineer  Office,  United  States  Army, 

Newport^  Rhode  Island^  January  15,  1868. 

General:  I  have  the  honor  to  submit  herewith  a  report  of  a  survey 
of  Block  island,  lihode  Island,  for  a  breakwater  or  harbor  of  refuge, 
made  in  pursuance  of  the  act  of  Congress  approved  March  2,  1867. 

Block  island  is  situated  about  14  miles  to  the  east  of  Montauk  Point 
and  12  miles  south  of  Point  Judith.  It  comprises  an  area  of  about  10 
square  miles,  and  has  a  population  of  about  1,400  souls.  This  popula- 
tion subsists  principally  by  farming  and  fishing.  The  island  is  entirely 
destitute  of  any  harbor,  and  has  been  the  scene  of  numerous  disasters 
to  our  commercial  marine.  The  total  loss  in  the  year  1857  was  about 
$150,000.  The  only  boats  now  in  general  use  in  communicating  to  and 
from  the  island  are  open  sail-boats,  the  largest  of  which  does  not  exceed 
36  feet  in  length.  The  usual  landing  place  for  these  vessels  is  at  the 
point  marked  "Sand's  landing"  on  the  Coast  Survey  chart.  When  at 
the  landing  these  boats  are  protected  from  the  action  of  the  sea  by  rows 
of  poles  driven  into  the  sand,  which  in  ordinary  weather  break  the  force 
of  the  waves.  At  times,  however,  it  becomes  necessary  to  haul  the 
boats  on  the  shore. 

The  object  of  the  survey  was  to  determine  the  best  manner  of  forming 
an  artificial  harbor,  and  instructions  were  given  to  the  surveyor  to  con- 
duct the  survey  with  a  view  to  that  object,  and  to  collect  all  available 
infonnatiou  in  regard  to  the  necessity,  practicability,  and  extent  of  such 
a  work. 

He  was  also  directed  to  pursue  his  investigations  with  a  view,  first, 
to  secure  a  harbor  which  should  sufi&ce  for  the  needs  of  the  inhabitants 
of  the  island — i.  e.,  a  secure  anchorage  for  the  boats  employed  in  fishing, 
and  a  place  where  steamboats  and  sailing  vessels  of  light  draught  coidd 
land  freight  and  passengers.  Second,  to  make  a  harbor  which  should 
be  a  harbor  of  refuge  for  vessels  plying  along  the  coast,  including  the 
great  number  of  vessels  which  seek  a  harbor  on  these  shores. 

It  was  considered  that  these  instructions  w^ould  cover  the  whole  field 
of  inquiry  contemplated  by  the  law.  In  addition  to  an  actual  survey  of 
those  points  where  it  was  i)ossible  to  make  an  artificial  harbor,  recourse 
was  had  to  every  source  of  information  regarding  the  utility  of  a  harbor 
at  Block  island,  both  for  local  and  general  purposes.  The  benefits  of  a 
harbor  at  Block  island  for  local  pui*poses  are  as  follows:  First,  it  would 
enable  a  continuous  communication  to  be  kept  up  between  the  island 
and  the  main  land,  which  does  not  now  exist,  owing  to  the  impossibility 
of  landing  boats  a  great  portion  of  the  time;  second,  steamboats  and 
other  vessels  would  be  able  to  land  their  cargoes  and  passengers  at  a 
wharf,  instead  of  in  small  boats  as  at  present;  third,  the  islanders 
would  be  able  to  employ  a  larger  class  of  vessels  in  fishing  than  is  now 
possible,  because  at  present  they  are  obliged  to  haul  their  vessels  on  the 
shore  during  storms;  fourth,  a  great  impulse  would  be  given  to  the 
trade  of  the  island  by  the  facilities  thus  afforded.  The  following  are 
advanced  as  reasons  why  the  government  should  furnish  a  harbor  for 
local  purposes:  First,  it  will  foster  the  fishing  interests  in  that  locality, 
which  are  capable  of  being  developed  to  a  great  extent,  thus  increasing 
the  amount  of  cheap  food  which  finds  its  principal  market  in  Kew  York 
city  and  other  ports  on  the  main  land;  second,  there  being  now  one 
light-house  on  Block  island  and  another  in  contemplation,  additional 
facilities  are  desirable  for  communicating  with  and  supi)lying  them; 
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Third,  it  will  furnish  a  harbor  of  refuge  for  a  large  class  of  coasting 
vessels,  and  thus  diminish  the  number  of  maritime  disasters  so  numeioiis 
on  this  coast.  A  very  large  i)ortion  of  the  coasting  vessels,  including 
coal  schooners,  pass  to  the  south  of  Block  island,  and  are  not  provided 
with  charts  or  pilots,  and  are  averse  to  seeking  a  harbor  on  the  main 
coast,  as  at  Narragansett  bay,  but  desire  a  harbor  close  at  hand,  and 
where  the  changes  in  the  weather  can  be  promptly  observed  and  taken 
advantage  of.  These  are  the  principal  reasons  why  the  government 
should  take  steps  in  this  matter,  taking  the  narrowest  view  of  the  ques- 
tion. If  we  look  forward  to  a  time  when  Long  Island  sound  will  he  the 
principal  route  of  steamers  bound  to  New  York,  Block  island  is  an 
excellent  point  for  a  pilot  station,  which  it  could  not  be  without  a  har- 
bor. By  increasing  the  capacity  of  the  harbor  we  not  only  secure  the 
advantages  above  mentioned,  but  we  extend  the  benefit  of  it  to  all 
classes  of  vessels,  and  the  average  number  of  vessels  passing  within  15 
or  20  miles  of  Block  island  is  estimated  at  200  per  day. 

The  accompanying  report  of  Major  G.  W.  Dresser  contains  all  the 
facts  bearing  on  this  question  that  can  be  collected,  and  gives  all  the 
reasons  which  point  to  the  necessity  of  the  harbor  as  called  for  by  the 
law  authorizing  the  survey,  and  discusses  the  matter  in  it«  relations  to 
the  defense  of  our  coast.  I  do  not  attach  so  much  importance  to  this 
view  of  the  subject  as  to  the  commercial  benefits  to  be  derived  firom  the 
work,  though  a  harbor  at  Block  ishand  would  be  very  convenient  for  our 
navy  in  case  of  war  with  a  naval  power,  and  would  be  easily  defended. 
Regarding  the  matter,  however,  solely  from  this  point  of  view — i*.  c,  its 
relations  to  the  defense  of  our  coast^ — it  would  not  be  policy  to  form  a 
harbor  of  refuge  at  this  point,  owing  to  its  isolated  position  and  the 
possibility  of  its  falling  into  an  enemy's  hands  and  adding  materially  to 
his  strength ;  but  as  the  demands  of  commerce  are  paramount,  if  they 
should  be  deemed  of  sufficient  importance  to  warrant  such  a  work,  it 
should  be  done,  and  then  the  harbor  would  become  an  element  in  the 
system  of  naval  defense,  and  it  would  become  necessary,  at  least  in  time 
of  war,  to  defend  it  by  fortifications  in  order  to  prevent  an  enemy  from 
taking  possession  of  it  and  fortifying  it  for  his  own  purposes.  If  securely 
held  by  us,  it  would,  as  stated  before,  be  a  point  in  our  favor,  as  afford- 
ing a  convenient  place  of  rendezvous  for  our  cruisers.  Two  methods 
have  been  suggested  for  accomplishing  the  object  in  view:  one,  by  cut- 
ting a  channel  to  connect  the  pond  in  the  center  of  the  island  with  the 
ocean ;  and  the  other  by  the  construction  of  a  breakwater  to  the  east  of 
the  island,  in  the  manner  indicated  on  the  accompanying  drawing,  or 
similar  to  it.  Both  plans  have  been  fully  investigated,  and  it  is  believed 
that  the  last  named  is  the  correct  one.  Everything  goes  to  show  that  if 
a  channel  were  to  be  cut  through  the  sandy  strip  separating  the  pond 
from  the  ocean,  that  it  would  eventually  be  filled  up  by  the  action  of  the 
sea;  but  supposing  it  otherwise,  it  would  be  a  difficult  matter  for  a  sail- 
ing vessel  to  ettect  an  entrance  into  this  necessarily  narrow  channel 
dui'ing  storms,  w^hich  would  be  the  very  time  when  they  woidd  need  to 
use  it.  Moreover,  this  pond  is  frozen  over  in  winter,  the  season  when  a 
harbor  is  most  necessary.  Besides,  as  there  can  be  no  doubt  that  this 
channel  would  be  filled  up  by  the  action  of  the  sea,  there  would  be  a 
constiint  expenditure  necessary  to  preserve  the  required  width  and  depth. 
This  question  of  connecting  the  pond  with  the  ocean  has  been  investi- 
gated because  it  has  been  a  favorite  notion  with  some  of  the  inhabitants 
of  the  island. 

The  other  method  of  forming  a  harbor,  viz:  by  the  construction  of  a 
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breakwater  to  inclose  the  roadstead  on  the  eastern  shore  of  the  island, 
involves  no  uncertainties.  It  is  principally  a  question  of  expense,  and 
the  amount  which  can  be  appropriated  must  depend  on  the  amount  of 
benefit  to  be  derived. 

A  plan  and  sections  of  a  breakwater  are  furnished  with  this  report. 
This  plan  is  not  meant  to  be  exaet^  nor  is  it  offered  as  the  best  solution  of 
the  cascj  for  I  presume  that  a  work  of  this  magnitude  would  not  be 
undertaken  until  after  attentive  consideration  by  a  competent  board  of 
engineers;  but  it  is  ottered  as  the  basis  of  an  estimate,  it  being  supposed 
that  such  a  work  will  cost  as  much  as  any  work  which  would  be  designed. 

The  breakwater  which  is  indicated  on  the  drawing  is  3,000  feet  in 
length,  and  eftectually  protects  the  harbor  from  all  injurious  winds. 
The  worst  storms  are  from  the  east  and  southeast,  and  during  storms 
from  these  quarters  the  roadstead  is  unt^enable  for  vessels  of  any  class* 

The  estimated  cost  of  this  breakwater,  including  a  lighthouse,  is 
$1,500,000.  It  is  proposed  to  construct  it  in  a  manner  similar  to  the 
Delaware  breakwater.  The  cross  section  of  the  breakwater  below  low 
water  is  30  feet  wide  at  the  top,  with  a  slope  of  one  upon  three  an  the 
sea  side,  and  one  upon  one  on  the  harbor  side,  the  stones  used  upon  tins 
part  of  the  work,  except  on  the  top  and  outer  slope,  to  be  of  all  sizes, 
not  less  than  one  ton;  those  excepted  to  be  not  less  than  three  tons. 
This  to  be  siu*mounted  by  a  dry  wall  of  the  dimensions  indicated  on  the 
drawing,  the  stones  used  to  be  less  than  three  tons,  and  cut  to  specified 
dimensions,  and  fastened  together  on  the  exterior  oy  clamps  of  galvan- 
ized iron.  These  details  have  been  assumed  only  as  the  basis  of  an 
estimate. 

In  regard  to  the  practicability  of  the  work,  it  does  not  seem  more 
difficult  than  the  Delaware  breakwater.  To  obtain  the  material  it  will 
be  necessary  to  depend  on  the  quarries  of  the  mainland.  The  greater 
portion  of  the  breakwater  can  be  formed  by  vessels  unloading  their  car- 
goes on  the  spot.  In  ordinary  weather  vessels  can  lie  in  the  roadstead 
-with  perfect  safety,  though  there  will  be  times  in  the  earlier  progress  of 
the  work,  at  least,  when  much  time  will  be  lost.  It  is  proposed  to  com- 
mence the  work  near  the  shore,  and  push  it  to  completion  (as  to  cross 
section)  as  it  progresses.  In  this  way  a  small  harbor  will  soon  be  formed, 
which  will  afford  shelter  to  the  vessels  engaged  on  the  work.  In  this 
way  also,  should  the  work  be  from  any  cause  suspended,  that  already 
done  will  be  of  benefit  proportional  to  tlie  expenditure.  If,  therefore,  there 
should  be  any  hesitation  or  ditt'erence  of  opinion  in  regard  to  the  pro- 
priety of  such  an  extensive  work  as  has  been  described,  but  none  in 
regard  to  the  minor  question  of  local  benefit,  the  latter  object  can  be 
attained,  and  the  more  important  question  left  open  for  future  investiga- 
tion by  an  experienced  board  of  engineers.  I  would  by  no  means  recom- 
mend the  construction  of  a  breakwater  at  Block  island  without  due 
consideration,  and  this  report  is  intended  simply  to  communicate  the 
results  of  the  survey,  and  all  the  information  that  I  have  been  able  to 
obtain  bearing  on  the  matter.  At  the  same  time,  these  plans  are  pre- 
sented to  show  how  the  object  may  be  accomplished  should  it  be  deemed 
of  sufficient  importance.  The  views  herein  presented,  as  well  as  those 
in  the  accompanying  report,  have  resulted  not  simply  from  general  con- 
siderations, but  from  consultations  with  seafaring  men,  and  shipping 
merchants  in  New  York  city  and  elsewhere,  who  have  all  concurred  in 
the  opinion  that  a  harbor  at  Block  island  is  greatly  needed,  as  tending 
in  a  great  degree  to  diminish  the  dangers  of  navigation  on  this  portion 
of  our  coast. 
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In  compliance  with  circular  No.  11,  dated  engineer  department',  Wash- 
ington, June  10, 1867,  I  have  to  report  as  follows: 

1.  Result  of  survey  with  plan  adopted,  with  items  of  expenditure. 
Answer.  As  indicated  in  the  foregoing  report  and  accompanying 
documents. 

2.  Amount  required  for  the  entire  and  permanent  completion  of  the 
work.    Answer.  $1,500,000. 

3.  Amount  that  can  be  profitably  expended  during  the  next  fiscal 
year.  Answer.  $300,000.  Should  local  benefit  only  be  considered, 
$150,000 

4.  Block  island  is  located  in  the  29th  collection  district. 

5.  The  nearest  port  of  entry  is  Newport,  Rhode  Island. 

6.  Amount  of  revenue  from  customs  collected  at  Newport,  Rhode 
Island,  during  the  fiscal  year  ending  June  30, 1867,  $11,884  05.  Average 
amount  for  the  five  preceding  years,  is  $29,189.  It  is  to  be  observed 
here  that  the  work  in  contemplation  is  not  designed  for  the  benefit  of 
Newport  especially,  but  for  the  general  interests  of  commerce,  which 
finds  its  principal  center  in  New  York  city. 

7.  As  far  as  practicable,  what  amount  of  commerce  and  navigation 
would  be  benefitted  by  completion  of  this  work!  Answer.  It  is  difficult 
to  answer  this  question  more  definitely  than  by  referring  to  the  body  of 
the  report.  It  may  be  said  in  general  that  all  vessels  bound  to  or  from 
the  city  of  New  York,  and  the  entire  coasting  trade  north  of  the  Chesa- 
peake, would  be  benefited  more  or  less  by  a  harbor  of  refuge  at  Block 
island. 

The  following  drawings  accompany  this  report-,  viz:  Map  No.  1,  giving 
the  general  outline  of  the  island,  enlarged  from  the  Coast  Survey'  map. 
No.  2,  drawing  showing  the  outlines  and  soundings  of  a  pond  in  the 
center  of  the  island,  which  it  has  been  proposed  to  convert  into  a  harbor 
by  cutting  a  channel  to  connect  it  with  the  sea.  No.  3,  drawing  show- 
ing, on  a  large  scale,  the  roadstead  now  principally  used  as  an  anchorage^ 
upon  which  is  indicated  a  plan  of  a  breakwater,  designed  to  make  this 
roadstead  a  secure  anchorage  for  vessels  of  all  classes  in  all  weather. 
There  are  also  sketches  showing  the  position  of  Block  island  and  it^ 
relation  to  the  adjacent  shores,  and  a  plan  and  section  of  the  breakwater 
at  Plymouth  roads,  on  the  southern  coast  of  England. 

I  am,  general,  very  respectfully,  your  obedient  servant, 

D.  C.  HOUSTON, 
Major  of  Engineers j  Brevet  Colonel  U.  S.  Army, 

Brevet  Major  General  A.  A.  Humphreys, 

Commanding  Corps  of  Engineers  U.  S.A.,  Washifigion^  D.  C. 


P  8 

Newport,  Khode  Island,  November  1, 1867. 

CoLONEii:  I  have  the  honor  to  submit  the  following  detailed  report  of 
survey  at  Block  island,  with  reference  to  the  location  of  a  work  to  secure 
a  harbor  of  refuge  at  that  island,  suj>plementary  to  my  reiK)rt  of  Sep- 
tember 10,  1807. 

According  to  your  letter  of  instructions,  (a  copy  of  which  is  hereto 
apiiended,  marked  A,)  the  object  desired  is  to  obtain  at  Block  island  a 
harbor  of  refuge  available  for  all  vessels  in  all  weather,  and,  if  compatible 
with  the  nature  of  the  case,  to  so  locate  the  necessary  work  therefor  as 
to  meet  not  only  tVie  neee^^iU^^of  the  islanders,  but  what  is  of  primar)' 
and  far  greater  impoTtaxic^  m  «n<£«^  ^Y<i»X»  \\^d.NoV^\^aL  ^ork  of  this  kiDd, 
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the  demands  of  a  true  system  of  naval  and  military  defense  of  our  coast 
and  the  requirements  of  our  merchant  marine. 

Block  island,  with  a  good  harbor  of  refuge,  would  be,  from  its  position, 
a  most  important  point  in  defending  an  extensive  portion  of  our  coast 
in  time  of  war.  Situated  12  nautical  miles,  about  south-southwest,  from 
Point  Judith,  and  14  nautical  miles  e:'.st-northeast  from  Montauk  Point, 
or  the  easterly  end  ot  Long  island,  it  is  the  key-point  to  the  entrance  to 
Long  Island  sound. 

The  general  principles  of  sea-coast  defense  require  certain  conditions 
to  be  fulfilled  to  insure  and  assist  the  efficient  and  harmonious  action  of 
the  army  and  navy.  Among  the  most  imx)ortant  of  these  are  the  follow- 
ing, viz :  Large  cities  and  towns  must  be  covered  from  atta<;k.  There 
must  be  provided  harbors  of  rendezvous  and  ports  of  refuge — complete 
protection  for  the  main  lines  of  intercommunication,  especially  by  water, 
by  the  closing  or  defending  channels  of  approach  against  an  enemy, 
and  preventing  the  great  avenues  of  interior  navigation  from  being 
blockaded  at  their  entrance  to  the  ocean,  thus  insuring  the  expeditious 
concentration  and  transfer  of  trooi)s,  and  unfailing  distribution  of  sup- 
plies of  every  description,  as  well  as  preserving  unimpaired  the  inter- 
changes of  domestic  commerce,  even  during  periods  of  most  active 
external  warfare. 

In  applying  these  principles  to  the  military  and  naval  defense  of  our 
coast  from  New  York  to  Cape  Cod,  it  is  easily  seen  that  Block  island, 
with  a  harbor  of  refuge  available  at  all  times,  would  be  a  point  of  the 
utmost  importance.  The  defense  of  the  entiance  to  Long  Island  sound 
is  not  only  the  defense  of  the  whole  southern  coast  of  Ehode  Island  and 
Connecticut,  but  of  the  city  of  New  York. 

The  removal  of  the  obstructions  in  Hell  Gate,  at  New  York,  is  only  a 
matter  of  time,  either  by  the  action  of  the  general  government  or  by 
private  enterprise.  The  increase  of  commerce  will  in  time  demand  the 
use  of  this  shorter  and  more  natural  channel  to  the  east.  The  growth 
of  the  city  of  New  York  itself,  together  with  the  improvements  in  Har- 
lem river  and  Spuy  ten  Duy  vel  creek,  now  projected,  whereby  the  commerce 
of  the  North  river  can  pass  into  the  sound  or  the  East  river  without  going 
around  the  south  end  of  Manhattan  island,  will  transfer  or  extend  the 
shipping  interests  from  the  extreme  southern  point  of  New  York  city  to 
the  more  northerly  portions  of  the  island ;  all  of  which  will  tend  to 
increase  from  year  to  year  the  importance  of  the  sound  entrance  to  that 
port,  and  the  true  place  to  defend  this  highway  of  the  commerce  of  the 
world  will  be  at  its  very  entrance  from  the  sea. 

By  reference  to  the  accompanying  map  (No.  4)  it  may  be  seen  that  in 
case  of  foreign  war  the  whole  sound  and  tlie  interior  lines  of  communi- 
cation from  New  York  to  the  east,  by  railroad  and  by  water,  to  the  various 
ports  along  the  coast  and  rivers  of  Connecticut,  Rhode  Island,  and  the 
southern  coast  of  Massachusetts,  would  be  completely  covered  from  naval 
attack  by  an  adequate  naval  force  stationed  on  a  line  drawn  from  Nan- 
tucket to  Long  island. 

But  to  hold  this  line  some  central  point  is  needed,  where  this  force 
could  concentrate  for  supplies  or  for  shelter  in  very  heavy  storms  which 
would  endanger  the  safety  of  the  fleet.  A  harbor  of  refuge  at  Block 
island  would  satisfy  this  need.  Being  central  with  reference  to  the  line 
of  naval  defense,  the  fleet  would  not  be  obliged  to  disperse  and  go  to  sea 
or  run  up  Long  Island  sound  to  shelter  themselves,  but  could  concentrate 
there,  where  they  would  be  most  available  for  repelling  any  advance  that 
might  be  attempted  on  any  part  of  the  line,  and  any  stress  of  weather 
that  would  force  our  fleet  to  seek  refuge  would  at  the  same  Uvckfc  \«v^^ 
the  enemy  to  put  to  sea  to  avoid  a  dangerous  lee  shore. 


i 


Ilia 


wiiiit  It  tnen  wna.  rue  introaucuoii  oi  steam,  oi  iron  ciaas  niui  mo 
and  of  lieuvy-talibered  lon^-raiige  ordnance,  ha»  clinnged  the  re 
between  attack  and  defense  most  matenally,  So  land  force  cff 
landed  by  an  enemy  on  tlie  shores  of  Block  island  without  gresi 
save  in  the  calmest  weather,  when  all  the  steam  fleet  could  be  n 
the  greatest  advantage ;  and  tbe  topograpbical  features  of  the 
itself  are  such  as  to  atlmit  of  a  most  stubborn  and  successful  opp 
by  coinpanitively  few  men  to  any  party  that  might  by  accident  b 
in  landing;.  Hence  the  old  objection  of  some  to  government  e; 
tures  at  this  (loint  ia  no  longer  a  potent  one,  and  a  harbor  of  refng 
is  a  most  important  accessory  to  the  defense  of  an  extensive  line 
coast,  which  controls  at  once  several  of  the  most  important  vtaU 
nelsof  iutenial  Intercommunication,  viz:  Narragansett  bay,  witli 
deuce,  Fall  River,  and  Taunton  rivers;  the  Thames  river,  the  Cc 
cut  river,  the  East  river,  with  all  tbe  important  harbors,  bays,  an 
steads  of  Long  Island  sound,  and  what  is  destineil  in  time  to 
the  most  direct  and  important  entrance  to  the  port  of  New  Y( 
commercial  center  of  the  country. 

Tlie  advantages  of  a  harbor  of  refuge  at  Block  island  t^o  oar  mi 
marine  cannot  be  accurately  calculated.  After  careful  inquiry, 
been  unable  to  obtain  exact  data  as  to  tbe  actual  amount  of  prop 
the  number  and  value  of  vessels  tliat  annually  pass  this  point 
numbers  of  them  passing  and  repassing  many  times  in  the  coars 
year;  but  from  the  best  information  that  I  can  get  I  conclude  t 
vessels  per  day  is  a  low  estimate  for  the  average  daiiy  number  tli 
withiu  15  or  20  miles  of  this  |>otnt,  (I  have  counted  150  vessels  i 
there  at  one  time,)  every  one  of  which  would  be  liable  to  be  bi 
in  one  way  or  another  by  a  harbor  there.  One  of  the  greatest 
ances  and  injuries  to  which  our  merchantmen  are  subjected, 
detention  incident  to  comiug  on  this  coast  in  bad  weather. 
vessels  coming  from  sea  or  aloag  the  coast  are  met  in  this  vicini 
northerly  storm,  unable  to  make  Narragansett  bny,tbey  are  oblige^ 
to  put  to  sea  again  or  run  for  the  capes  of  the  Delaware  for  sht 
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anchor  in  safety  till  the  storm  was  over,  and  then  proceed  at  once  to 
their  destination. 

There  is  not  a  vessel  of  any  class  or  character,  not  a  pound  of  freight 
of  any  kind,  nor  a  man  passing  back  and  forth  in  our  coasting  trade, 
but  what  would  be  benefited  by  a  national  work  here.  The  rates  of 
insorance  and  of  freights  past  this  point  should  be  reduced  by  it,  as  the 
hazard  of  transportation  would  be  greatly  lessened.  The  annual  saving 
of  property  in  vessels  and  cargoes  that  would  result  from  a  harbor  of 
refuge  at  Block  island  is  variously  estimated  by  difierent  persons,  but 
the  testimony  of  some  of  our  most  experienced  and  reliable  merchants 
and  ship-owners  places  the  annual  saving  of  property  that  would  result 
from  this  national  work  at  sums  varying  from  $100,000  to  $500,000. 
From  the  year  1854  to  the  year  1868  the  amount  of  property  stranded 
on  Block  island  amounted  to  $378,050.  The  vast  coastwise  trade  of  the 
North  Atlantic  States  in  all  its  connections,  the  merchants  throughout 
the  entire  country,  the  underwriters,  the  manufacturers,  the  coal  and 
iron  trades,  upon  which  the  industry  of  New  England  depends  so  largely, 
and  the  thousands  of  lives  engaged  in  navigation  and  passing  from  point 
to  point  by  water,  all  would  be  benefited  by  this  work.  It  is  truly  a 
national  interest.  There  are  no  local  interests  that  are  anything  com- 
pared to  the  general  interests.  Though  a  small  island,  at  sea,  as  it  were, 
at  times  cut  oft*  for  days  from  communication  with  the  main  land,  still 
their  local  interests,  small  though  they  are,  have  been  most  seriously 
affected  from  the  fact  of  having  no  harbor.  There  are  about  1,400  inhab 
itants  on  the  island.  Their  occupation  is  farming  and  fishing.  The 
agricultural  products  of  the  island  amount  to  about  $290,000  per  year, 
and  the  fish  caught,  including  both  salt  and  fresh,  will  not  fall  far  short 
of  $60,000  worth  per  ye^^r,  making  total  products  of  the  island,  from 
farming  and  fishing,  $350,000.  The  agricultural  exports  are  as  fol- 
lows, \iz : 


20,000  bushels  oats, 
3,000  bushels  com, 

10,000  bushels  onions, 
5,000  bushels  potatoes, 
4,000  dozen  eggs, 
100  tons  poultry. 


12  tons  wool, 
250  cattle  and  horses, 
1,000  sheep, 
1,000  swine, 

2,000  tons  paving  stone, 
25  tons  black  sand. 


The  amount  of  fish  of  all  kinds  exported  yearly,  \iz: 


5,000  quintals  dried  cod, 
'200  tons  fresh  blue  fish, 
50  tons  fresh  cod, 


20  tons  fresh  eels, 
15,000  bushels  oysters, 
350  barrels  fish  oil. 


The  Block  Island  cod  fisheries  amount  to  about  $25,000  per  year.  All 
their  boats  are  of  peculiar  construction.  They  are  all  open  boats — that 
is,  with  no  deck,  the  largest  being  able  to  carry  about  10  or  12  tons. 
They  are  constructed  in  such  a  way,  from  necessity,  that  they  can  be 
easily  hauled  upon  the  shore  in  storms,  and  hence  are  small  and  light. 
The  amount  of  codfish  caught  by  the  inhabitants  of  the  island  from 
1789  to  1806  amounted  to  355,000  quintals,  which,  at  an  average  pri(te 
of  $4  50  per  quintal,  gives  $1,597,500. 

At  the  time  that  our  fishermen  were  receiving  bounty,  the  Block 
islanders  were  deprived  of  any  bounty  from  the  fact  that  their  vessels 
were  not  of  the  required  tonnage,  it  being  impossible  for  them  to  keep 
any  vessels  there  constructed  in  such  a  way  as  to  give  the  dimensions 
required  for  the  minimum  tonnage  under  the  law,  owing  to  there  being 
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Qtvs,  to  aaa  tiicir  tiiiota  to  tiie  supply  ot  ciifiip  toou  tor  tu^  d 
Heuco,  nlthougU  tlielocHliiik'rest  is  small  coiapared  to  the^-eatn 
benefit  to  eomuicrce  aud  trade,  yet  whatever  local  advautji^^e  may 
from  the  ivDMti'uetiou  of  a  national  work  there,  th«  islaii<Ier»  are 
ing  of  it  aa  compensation  for  past  inequalities  t«  them  in  tlie  woi 
the  general  law. 

Out  of  thH  entire  population  of  1,400,  men,  women,  and  childi 
island  funiiished  50  men  a«  volunteers  for  the  recent  war,  abo 
Quarter  of  whom  laid  down  their  lives  in  the  country's  tause. 

Another  consideratiou  of  importance  is  this:  A  harbor  at  tbi 
would  in  time  make  it  one  of  the  most  important  pilot  ittatUnu 
coast,  it  being  so  directly  on  the  line  of  vessels  coming  in  bound 
various  ports  to  which  these  waters  are  the  entrance,  and  it  woi 
station  suvh  that  in  the.  most  severe  weather  they  could  tind 
shelter  and  safety. 

The  interests  of  our  commerce  demand  a  national  work  here  tli 
be  permanent  in  its  character,  and  of  such  magnitude  and  arrau 
in  its  details  that  it  shall  make  a  ta/e  anckorage  from  all  storms 
all  times.  From  a  thorough  and  careful  examination  of  the  entin 
as  stated  in  my  pn-liniinary  report,  but  two  points  jiresent  the 
where  attempts  might  be  made,  with  any  reasonable  hope  of  su( 
secure  this  object.  These  two  i>oints  m-e  indicated  in  the  aceoin] 
map  of  the  island,  (Map  No.  I,)  one  on  the  west  side,  at  whicb 
been  pn>posed  to  make  a  "  cut  iuto  the  Salt  jwud,"  more  for  lo« 
for  genenil  nse;  and  the  other  on  the  east  shore,  near  "the  In 
where  a  breakwater  could  be  constructed  that  would  satisfy  evi 
dition  of  the  problem. 

As  the  works  at  these  two  points  would  of  necessity  be  of  ■ 
different  character,  I  propose  to  consider  each  sei)arat>ely : 

1st.  The  "cut^into  the  Halt  pond. — The  accompanying  map 
shows  the  contour  and  soimdings  of  the  pond,  together  with  th 
tions  of  (he  shore-lines  of  the  island  on  the  east  and  west  that  lie 
the  poinl.     It  will  be  seen  that  but  a  naiTow  strip  of  sandy  bea 
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is  the  narrowest,  to  the  x><)int  on  the  west  shore  where  the  land  is  the 
aarrowest  between  the  iK)nd  and  the  sound. 

2d.  On  the  east  or  sea-side  of  the  pond  the  soundin^js  increase  more 
gradually,  up  to  a  certain  distance  from  the  shore  towards  the  middle  of 
;he  i>ond,  than  they  do  on  the  west;  but  on  both  sides  where  the  water 
>egins  to  deepen  rapidly  as  you  go  towards  the  center,  the  increase  of 
lepth  is  very  abrupt. 

This  would  naturally  be  the  case,  for  the  greater  force  of  the  sea  waves 
^ould  throw  the  sand  further  into  the  pond,  or  rather  into  the  supposed 
channel,  and  give  more  shallow  water  on  the  east  than  on  the  west  side. 
^t  the  present  time,  in  Jieavy  storms  and  high  tides,  the  sea  breaks  over 
;he  beach  on  the  east  side  into  the  pond,  cutting  off  communication  for 
:he  time  between  the  north  and  south  portions  of  the  island,  along  this 
dde;  and  every  such  flow  of  water  over  the  beach  carries  additional  sand 
nto  the  pond. 

At  the  i>oint  on  the  west  side,  marked  "Breach,"  the  islanders  make  a 
*at,  which  lias  to  be  opened  several  times  a  year,  for  the  purpose  of 
irawing  off  the  water  from  the  pond  into  the  sound  sufliciently  to  keep 
the  road  dry  which  runs  along  the  east  shore  of  the  island  from  north  to 
}oath,  between  the  i)ond  and  the  ocean.  This  "breach"  is  but  a  small 
lltch  dug  in  the  sand,  which  fills  up  at  the  mouth  or  west  side  a  little 
[ligher  than  ordinary  high-water  mark  during  the  first  heavy  westerly 
t>low  that  occurs  after  it  is  dug  out.  At  the  time  I  examined  it  this 
'*  breach  had  been  opened,"  about  two  weeks  before,  but  was  then  filled 
up  on  the  sound  end  above  high- water  mark  by  the  action  of  the  water. 
The  pond  is  fed  by  the  water-shed  of  the  greater  portion  of  the  island 
and  by  springs,  and  undoubtedly,  to  a  certain  extent,  by  salt  water  forced 
through  the  sandy  beaches  on  either  side  of  it,  as  the  water  is  salt  or 
•'brackish;"  and  during  extreme  low  tides  I  noticed  numerous  little 
streams,  varying  in  size,  running  down  the  sea  beach  into  the  sea. 
These  little  streams  are  not  so  salt  as  the  sea,  but  about  the  same  as  the 
pond  water  to  the  taste.  These  are  seen  at  the  point  on  the  east  beach, 
wrhere  the  distance  between  the  pond  and  the  sea  is  the  shortest. 

It  has  always  been  a  favorite  idea  of  some  of  the  islanders  to  avail  of 
this  pond  as  a  harbor,  by  making  a  "cut"  on  the  west  into  it  from  the 
3ouud.  But,  from  all  that  I  can  learn,  nothing  of  the  kind  has  ever 
been  attempted,  except  to  "open  the  breach"  for  the  purpose  referred 
to  above.  Attempts  of  a  similar  nature  have  been  made  with  the  ponds 
m  the  south  shore  of  Rhode  Island,  but  have  failed. 

At  Charlestown,  Rhode  Island,  a  company  was  chartered  by  the  State, 
md  operations  commenced  by  them,  to  connect  the  Charlestown  pond 
vith  the  sound.  But  they  found  that  the  excavation  filled  up  as  fast  as 
t  was  made,  and  the  enterprise  was  abfindoned. 

In  order  to  make  a  harbor  of  the  "Salt  pond"  at  Block  island,  the 
jut  should  be  made,  if  at  all,  at  a  point  further  south  than  "  the  breach," 
IS  indicated  on  Map  No.  2,  for  at  that  point  the  distance  from  the  south 
o  the  deepest  water  in  the  pond  is  the  shortest.  To  make  a  channel 
available  for  all  puri)08es  the  cut  should  be  made  at  least  25  feet  deep 
)elow  mean  low- water  mark,  and  the  width  of  which  the  nature  of  the 
rround  will  admit  is  not  over  050  feet. 

The  estimates  for  this  excavation  are  made  upon  a  basis  of  25  feet 
leep,  633  feet  average  width,  and  an  average  length  at  the  bottom  of 
ihe  cut  of  2,425  feet,  giving  996,1043^«,y  cubic  yards  of  excavation. 

The  profiles  of  this  cut  are  shown  on  the  accompanying  n»ap  of  the 
3ond,  (Map  No.  2.)  "  Profile  A  B"  shows  the  profile  of  the  south  side  of 
ihe  cut,  and  "  Profile  C  D"  shows  that  of  the  north  side. 
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saud  and  .sedimeut  to  de[>o8it  at  dift'ert;iit  poiuts  in  the  cliaitiiel, 
iiig  to  tlie  direction  and  stage  of  the  tide.  Bars  would  form  at  1 
of  the  channel,  and  the  bottom  of  the  sound  being  sand,  the 
woald  ultimately  fill  up  on  the  sound  end  in  spite  of  all  precav 
protect  it.  The  same  ciinses  that  till  np  the  breach  would  fill 
and  a  constant  expenditure  would  be  necessary  to  dredge  it  out 
all  indications  nature  has  filled  up  a  channel  much  larger  than 
I)roposed  above,  and  the  same  causes  woald  o})erate  again  t«  • 
time  any  cut  that  niiglit  be  made  there.  In  all  probability  th 
occur  at  the  first  heavy  storm  alter  the  cut  was  completed.  J 
at  the  soundings  of  the  pond  will  show  the  exceedingly  irregi 
formation  of  tiie  bottom  of  it,  nud  that  only  a  small  j)ortion  of 
of  the  water  eonid  be  used  tor  anchorajfe  without  continual  i 
and  tronble  from  getting  aground. 

The  i)revailing  storms  from  which  the  most  shelter  is  reqn 
from  the  east.  ]iut  this  would  be  a  head  wind  to  beat  through  i 
channel  to  get  into  the  harbor  or  pond,  and  if  blowing  hard  it  i 
impossible  to  beat  in  at  all ;  while,  if  in  the  pond,  it  would  be 
difficult  to  get  out  with  a  west  wind. 

Thero  is  one  iioint  which  would  be  of  vital  imjtortnnce  if  ii 
become  necessary  to  use  the  pond  as  a  harbor  in  naval  defense 
freezes  completely  in  winter ;  hence  I  conclude  that  althongli »  c 
be  made  anil  kept  open  at  a  large  expense,  it  would  not  be  ava 
all  times,  either  lor  ingress  or  egress,  and  that  the  advantages;; 
the  work  would  not  be  commensurate  with  the  expense,  par 
when  comiMired  with  what  might  l>e  obtained  at  the  other  jwii 
east  side  of  the  island  by  building  a  breakwater  into  the  bay. 

I  submit  herewith  a  map  of  the  bayou  the  east  side,  showing! 
line,  the  dejith  of  water  in  feet,  and  the  character  of  the  Imtt 
pared  from  at^^tual  suiTey  wliile  there.  The  bay  is  sheltered  by 
from  all  bat  easterly  storms.  The  bottom  is  excellent  holding 
being  smooth  and  free  from  rocks;  it  is  clay  with  sand  on  the 
of  it,  and  stones  off  very  gradually  fmm  the  shore.     The  itoi 
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There  are  no  rocks  that  would  require  to  be  moved,  except,  perhaps, 
the  one  marked  A,  known  to  the  islanders  as  the  "  Blue  Bird,''  and 
two  at  the  "  Point  of  the  Reef,"  marked  B.  These  are  not  large,  being 
about  10  feet  high  and  15  feet  long  by  8  feet  wide,  and  have  respectively 
Ave  feet  and  three  feet  of  water  on  them  at  low  water.  The  general  plan 
and  cross  sections  of  a  work  that  would  answer  all  requirements  is  shown 
on  map  No.  3,  and  also  the  locati<m  thereof  as  proposed.  This  plan  is 
submitted  as  a  basis  of  estimate.  It  is  proposed  to  make  the  substruc- 
ture about  3,000  feet  in  length,  with  a  cross  section  of  30  feet  at  the  low- 
water  mark,  with  a  slope  of  one  upon  one  on  the  inside,  and  one  upon 
three  on  the  sea  side. 

The  depth  of  water  at  3,000  feet  from  shore,  on  line  indicated,  is  eight 
fathoms,  (48  feet.) 

The  substructure,  or  that  portion  below  low-water  mark,  would  be 
built  in  the  usual  way,  by  anchoring  vessels  on  the  line  and  throwing 
the  stone  overboard.  Upon  this,  when  brought  up  to  low- water  mark,  a 
superstructure  of  solid  masonry,  carefully  laid  and  securely  clamped,  to 
be  built  12  feet  high,  15  feet  across  the  top,  and  20  feet  at  the  base,  the 
whole  length  to  be  terminated  by  a  small  light-house  at  the  north  end. 

The  following  is  the  estimate  of  cost  upon  this  basis : 

Substructure — 

Amount  of  stone  required,  229,630  cubic  yards ;  or,  esti- 
mating 1^  ton  per  yard,  344,445  tons,  at  a  cost  per  ton 
delivered  of  $3 $1, 033, 335 

Superstructure — 

24,111  cubic  yards  of  masonry,  at  $15  per  yard,  laid 3G1, 665 

Light-house 30, 000 

Piles  for  marking  line  of  work,  clamx)s  for  superstructure, 

inspectors,  and  incidentals 20, 000 

ToUl  cost 1, 445, 000 


By  reference  to  accompanying  map,  (No.  3,)  showing  location  of  the 
work,  it  will  be  seen  that  perfect  protection  would  be  afforded  from  all 
troublesome  winds,  and  accommodations  for  anchorage  of  several  hun- 
dred vessels.  Winds  from  the  north,  south,  and  west  would  be  broken 
by  the  island  itself,  while  the  breakwater  would  protect  from  all  easterly 
winds. 

The  "  southeasters"  throw  in  the  heaviest  swell,  and  the  force  of  this 
would  be  broken  somewhat  by  the  reef  or  shoals  oft* "  Old  Harbor  Point," 
and  would  strike  the  work  in  the  general  direction  of  its  length.  An 
east  wind  would  test  the  masonry  most  severely,  as  its  action  would  be 
nearly  normal  to  the  work ;  but  by  a  proper  arrangement  of  the  outer 
s1oi>e  the  force  of  the  waves  would  be  so  moditted  that,  if  properly  con- 
structed, the  superstructure  would  stand  without  serious  damage.  The 
northeast  storms  do  not  create  so  heavy  a  sea  here  as  at  many  i)oints  on 
our  coast,  being  broken  in  their  fon^e  by  Cape  Cod  and  adjacent  islands. 
In  fact,  the  experience  of  the  islanders  is,  that  it  is  very  seldom  neces- 
sary to  haul  their  boats  on  shore  in  northeasters. 

I  do  not  think  that  any  trouble  wimld  ever  arise  from  filling  up  behind 
the  pier  by  the  action  of  the  water  depositing  sand  and  sediment  within 
it,  from  the  fact  that  a  short  wall,  shown  on  the  map,  at  the  landing, 
extending  into  the  water  about  100  feet,  has  been  built  about  25  years, 


'•\\v 


tlie  vessel!)  in  our  coostiug  trade,  from  Maine  to  Georgia,  wonld  b« 
flted,  eacli  in  proportion  to  the  frequency  of  their  presence  in  Ihi 
of  the  coa»t.  As  a  harbor  for  naval  purposes  in  time  of  war,  it 
be  easily  defended  by  batteries  thrown  up  on  the  high  ground  at 
side  of  it. 

The  constmction  of  the  breakwater  would  not  be  attended  1 
unusual  diflSculties,  the  bottom  being  firm  and  solid;  and,  after  a  i 
of  the  shore  eud  of  the  work  had  been  completed,  delays  ineii' 
hcrtvy  weather  would  diminish  as  the  work  progressed.  As  sti 
my  preliminary  rejwrt,  tbe  inland  itself  could  furnish  no  stone  1 
struetuR' ;  but  large  quarries  abouud  on  the  shores  of  tbe  neigb 
mainland  in  Connecticut  and  Rhode  Island,  where  stone  ro 
obtained,  put  on  board  vessels,  and  transported  to  the  iKtint  n 
more  cheajily,  probably,  than  it  could  be  got  out  and  put  in  j 
ixKik  existed  on  the  island,  from  the  fact  that  quarries  already  i 
atinn  wouhl  have  nil  the  facilities  for  getting  out  and  handli 
material.  The  time  that  would  be  required  to  build  the  work 
depend  altogether  upon  tlie  number  of  vessels  employed  and  the  i 
of  the  annual  appropriation. 

While  engaged  in  making  this  survey  I  kept  a  record  of  the  r 
fall  of  the  tide,  and  hei-ewith  submit  the  record  in  tabidar  form,  t< 
with  a  description  of  the  tide-gauge  used. 

The  tide  was  taken  once  an  hour  during  the  day,  prineipally 
purpose  of  reducing  the  s«)undings  to  mean  low  water.  There  b 
permanent  mark  at  the  landing  known  as  low-water  mark,  I  ass 
{toint  as  near  as  could  be  determined  fVom  the  testimony  of  lut 
from  their  constant  daily  presence,  would  be  likely  to  be  intbrmf 

Having  erecrted  a  plntt'orm  over  tbe  large  rock  at  tlie  end  of  t 
running  into  the  waier  near  tlie  landing,  [  attached  the  tide-g-.u 
pile  driven  at  tlie  corner  of  it,  placing  the  zei-o  of  the  tide  gaiigi 
point  assumed,  as  aliove. 

At  the  close  of  tfie  survey  I  determined  the  difference  in  level  1 
the  assumed  and  the  acrnal  average  low- water  mark  for  the  tinieob 
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on  Map  No.  3  as  "  Bench  Mark  XJ.  S."    The  average  daily  rise  and  fall 
for  the  31  days  recorded  was  three  feet  two  inches. 

I  also  kept  a  record  of  the  thermometer  during  the  progress  of  the 
survey,  taken  three  times  each  day,  viz:  7  a.  m.,  1  p.  m.,  and  6  p.  m. 
The  thermometer  used  hung  in  the  shade,  on  the  piazza  of  Mr.  Alfred 
Card's  hotel,  the  best  and  most  convenient  point  to  be  found.  The  record 
at  7  a.  m.  was  undoubtedly  too  high,  as  there  was  a  strong  reflection  from 
the  water;  but  the  record  of  the  other  two  times  is  as  correct  as  could 
be  obtained.    I  submit  herewith  a  tiibular  record  of  these  observations. 

Much  of  the  time  was  very  stormy  or  foggy,  which  interfered  seriously 
with  the  rapid  progress  of  the  survey. 

On  the  2d  of  August  I  had  an  opportunity  to  witness  one  of  the 
severest  gales,  from  the  southeast,  that  had  been  seen  on  this  coast  at 
this  season  of  the  year  within  the  memory  of  the  oldest  of  the  inhabit- 
ants. 

This  gale,  and  it^eflPects  upon  the  water  of  the  roadstead,  was  of  great 
advantage  to  me  in  determining  the  direction  and  e3ftent  of  the  work 
I'equired  to  accomplish  the  object  desired,  as  well  as  the  starting  jioint 
on  the  shore.  Although  the  fury  of  the  gale  prevented  the  use  of  any 
accurate  instruments,  still,  by  establishing  ranges  on  the  shore  at  differ- 
ent points,  I  was  enabled  afterwards,  by  actual  measurements,  to  locate 
the  limits  of  the  work  required ;  and  I  am  fully  satisfied  that  the  location 
and  extent  (in  length)  of  the  work  as  laid  down  in  plan  on  map  No.  3 
would  meet  all  the  requirements  even  in  gales  of  this  nature,  and  that  a 
work  materially  shoiter  than  the  one  suggested  would  be  found  of  far 
less  value  to  our  commerce  than  this,  in  a  southeast  storm,  while  in  a 
gale  from  the  east  the  shelter  afforded  would  be  very  much  less,  as  in 
that  case  only  that  portion  of  the  roadstead  between  the  breakwater, 
the  shore,  and  an  east  and  west  line  through  the  north  end  of  the  work, 
would  be  protected ;  and  in  case  the  work  was  a  short  one,  it  will  be  seen, 
by  reference  to  map  No.  3,  that  the  necessary  depth  of  water  would  be 
too  near  the  work  for  convenience  in  getting  in  and  out. 

The  survey  was.  commenced  on  the  20th  day  of  July,  1867,  and  com- 
pleted on  the  6th  day  of  September,  1867. 

Every  facility  was  afforded  me  by  the  people  of  the  island,  in  getting 
information,  &c.,  necessary  for  my  report. 

Respectfully  submitted. 

GEORGE  W.  DRESSER, 
Assistant  Engineer  in  charge  of  Survey. 

Brevet  Colonel  D.  C.  Houston, 

Major  United  States  Engineers^  Netoport^  Rhode  Island. 


List  of  accompanying  papers. 

A.  Tjctter  of  instructions  from  Colonel  D.  C.  Houston,  United  States 
engineer. 

B.  Tide-gauge  record. 

C.  Record  of  thermometer,  wind  and  water. 

D.  Copy  of  letter  from  collector  of  customs  at  Newport,  Rhode  Island, 
in  answer  to  inquiries  regarding  cod  fisheries  at  Block  island. 

E.  Copy  of  letter  from  Nicholas  Ball,  esq.,  to  collector  of  customs  at 
Newport,  Rhode  Island,  regarding  products  of  Block  island. 

F.  Statement  of  products,  and  amount  thereof. 

G.  List  of  vessels  wrecked  on  Block  island  from  1854  to  1868,  with 
amount  of  loss. 
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N^etcport,  Rhode  Island,  July  11, 1 

Dear  Sib  :  As  soon  an  you  can  make  your  arrangemeuts,  I 
that  you  visit  Block  islaDd  lor  the  purpose  of  making  a  survey 
view  to  the  location  of  a  breakwater  which  shall  form  an  artiflci: 
bor.    There  are  two  objects  in  view  in  making  thiis  survey : 

First.  To  secure  a  harbnr  which  shall  aattice  for  the  needs  ' 
inhabitants  of  the  island — f.  e.,  a  secure  anchorage  for  the  boats  em] 
in  Qshing,  siud  a  place  where  steamboats  and  sailing  vessels  e 
draught  can  land  freight  and  passengers. 

Second.  To  make  a  harbor  which  will  be  a  harbor  of  refuge  f 
sels  plying  along  the  coast,  and  including  the  immense  numtten 
sels  fi-om  all  parta  of  the  world  which  seek  a  harbor  on  these  sho 

I  am  of  opinion  that  both  these  objects  can  be  accomplished 
same  time,  or  rather  that  what  is  done  towards  accomplishing  th 
may  be  so  much  towards  fulfilling  the  requirements  of  the  sccot 
occnrs  to  me  that  a  good  harbor  at  Block  island  is  a  ^^at  desidt 
for  the  benefit  of  our  commerce,  and  also  that  any  approximatit 
harbor  there  will  be  more  or  less  of*  benefit  in  the  same  direction. 

It  will  be  necessary  for  yon  in  the  first  place  to  make  a  thi 
preliminary  examination  of  both  eastern  and  western  shores 
island,  and,  after  deciding  U[iou  the  most  suitable  point  for  the  k 
of  a  breakwater,  to  make  a  particular  examination  of  the  shoi 
hydrography  in  that  vicinity,  in  order  to  make  a  plan  of  the  nee 
work  and  to  exhibit  the  character  of  the  harbor  to  be  secured. 

It  is  possible  that  two  breakwaters  may  be  desirable,  one 
east«rii  and  one  on  tlie  western  side. 

My  impression  is  that  the  eastern  one  is  the  most  important  ai 
involve  the  greatest  expense,  and  that  perhaps  one  c-an  be  const 
on  the  west  side  at  a  comparatively  small  expense,  which,  howevt 
be  of  gi-eat  service. 

These  are  points,  however,  I  desire  you  to  examine  into.   ■ 

The  necessary  instrnmeuts,  stationery,  &c.,  will  be  furnished  fp 
office.     It  is  nnderstond  thnt.  nil  l-hp  n.'^istiniK^e  von  mttv  ne^l  in  tl 
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Record  of  the  thertnometer,  the  fiirection  of  the  teinH  and  weathfr,  luft  at  Block  i$Umi,itnMg 

the  survey  fur  a  breakwater  at  that  point,  ]8()7. 


1 


1867. 


Date. 


July  20 . 
July  21  . 
July  22  . 
July  23  . 
July  24* 
July  25  . 
July  26  . 
July  27  . 
July  2fe  . 
July  29  . 
July  30  . 
July  31  . 
Au^«t  1  . 
AugUNt  2t 
August  3  . 
August  4  . 
August  5 . 
AngUdt  6 . 
Augumt  7  . 
August  8  . 
August  9  . 
August  10  . 
August  ii; 
August  12  . 
August  13  . 
August  14  . 
August  15 . 
August  16 
August  17  . 
August  18 . 
August  1 9 . 
August  20  . 
August  21  . 
August  22 . 
August  23  . 
August  34  . 
August  25 . 
August  26 . 
August  27 
Auguiit  28  . 
August  29  . 
August  .10 . 
August  31  . 
Sept.  1  . 
Sept.  2 . 
Sept.  3  . 
Sept.  4  . 
Sept.       5 . 


Th 

ermomet 

7  a.in. 

Ip.  m. 

o 

o 

60 

62 

58 

63 

65 

70 

78 

75 

74 

74 

67 

75 

63 

73 

69 

63 

68 

73 

66 

68 

64 

69 

64 

64 

63 

65 

67 

66 

66 

68 

68 

67 

78 

74 

66 

69 

66 

66 

66 

68 

76 

68 

70 

74 

66 

72 

68 

70 

66 

70 

68 

74 

70 

69 

68 

70 

76 

73 

78 

73 

73 

75 

76 

76 

74 

77 

67 

68 

67 

70 

64 

72 

74 

75 

80 

74 

72 

74 

74 

74 

71 

72 

68 

69 

64 

64 

62 

65 

64 

67 

65 

69 

66 

70 

70 

70 

6  p.  m. 


CO 


67 
67 
68 
68 
63 
69 
66 
63 
62 
62 
64 
65 
64 
79 
65 
66 
65 
66 
68 
68 
70 
68 
71 
69 
67 
68 
68 
70 
70 
70 
67 
67 
68 
67 
70 
70 
71 
70 
64 
64 
62 
65 
64 
66 
65 


Direction  of  wind. 


Weather. 


7  a.  m. 


1  p.  m. 


NE. 

S.  SB. 

S.  8E. 

S.  SE. 

8W. 

S.  SE. 

S.  SE. 

SE. 

S.  SW. 

Calm. 

SW. 

E. 

SE. 

SE. 

SW. 

RE. 

SW. 

SW. 

SW. 

SW. 

s. 

E.  SB. 

SW. 

W.  SW. 

W.  SW. 

NW. 

NW. 

SE. 

SB. 

NW. 

SW. 

Calm. 

Calm. 

SE. 

S.  SW. 

SW. 

SB. 

NE. 

NW. 

SB. 

SE. 

SE. 


NB. 

S.  SB. 

S.  SE. 

S.  SE. 

SW. 

S.  SB. 

S.  SE. 

E.  SB. 

S.  SW. 

Calm. 

SW. 

E. 

SB. 

SE. 

SW. 

E. 

SW. 

SW. 

SW. 

SW. 

8.  SE. 

SW. 

S  SW. 

W.  SW. 

W.  SW. 

SW. 

SW. 

SE. 

SB. 

SW. 

NW. 

SW. 

SW. 

SE. 

s. 

SW. 

SE. 
8E. 
SB. 
SE. 
SE. 
SE. 


6  p.  m. 


NB. 

S.  SE. 

S  SE. 

NW. 

SW. 

8.  SB. 

8.  SE. 

NW. 

8.  SW. 

Calm. 

SW. 

E.  SE. 

SE. 

SE. 

SW. 

SW. 

SW. 

SW. 

SW. 

SW. 

8.  8E. 

SW. 

SW. 

W.  SW. 

W.  SW. 

Calm. 

Calm. 

SE. 

SB. 

SW. 

Calm. 

Calm. 

8. 

SE. 

8. 

SW. 

SB. 

SB. 

SB. 

NB. 

SB. 

SB. 


7  a.  m. 


1  p.  m.      6  p. 


Fog. 

Fog. 

Fog. 

Rain. 

Clear. 

Fog. 

Fog. 

Rain. 

Thick. 

Cloudy. 

Clear. 

Cloudy. 
Thick  fog. 
Thick  fog. 

Clear. 

Fog. 

Clear. 

Clear. 

Fog. 

Clear. 
Thick  fog 

Rain. 

Ruin. 

Clear. 

Clear. 

Clear. 

Clear. 

Cloudy. 

Rain. 

Fog. 

Clear. 

Clear. 

Clear. 

Clear, 

Fog. 

Clear. 

Clt-ar. 

Rain. 

Fog. 

Cle-ar. 

Cloudy. 

Cloudy. 


Fog. 
Fog. 
Fog. 
Rain. 
Clear. 
Fog. 
Fog. 
Rnio. 
Fog. 
Cloudy. 
Cl«-ar. 
i!leKr. 
Thick  fo^. 
Thick  fog. 
Clear. 
Ovrrcaat 
Clear. 
Clear. 
Fog. 
Ijlear. 
Thick  fog. 
Gale. 
Foit. 
Clear. 
Clear. 
Clear. 
Clear. 
Rain. 
Rain. 
Clear. 
Char. 
Clear. 
Clear. 
Clear. 
.Showers. 
Clear. 
Clt-ar. 
Rain. 
F..g. 
Clear. 
Cloudy. 
Cloudy. 


Fof. 
Fof. 
Clear. 
Clear. 
Fog. 
Fog. 
RaiB. 
Fog. 
Cloudy. 
Fog. 
Fog. 

Thick  fof. 
Thick  fo|. 
Clear. 
Clear. 
Clear, 
dear. 
Fog. 
Clear. 
Thick  f^ 
Clear. 
Fog. 
Clear. 
Ckar. 
Clear. 
Clear. 
Rain. 
Rain. 
Clear. 
Clear. 
Clear. 
Clear. 
Clear. 
Raia. 
Clear. 
Clear. 
Raia. 
Fog. 
Cloady. 
Cloadjr. 
Ckmdj. 


*  780  at  1 1  a.  m. 

t  The  heaviest  gale  for  the  time  of  year  ever  known. 

I  One  hundred  and  forty-six  vessels  in  sight  at  once  at  11  a.  m. 

The  tliermometer  used  was  hung  upon  a  post  of  the  piazza  of  the 
Spring  House,  and  belonged  to  the  proprietor,  Mr.  Alfred  Card. 
Although  it  was  at  all  times  in  the  shade,  it  was  undoubtedly  affected 
in  the  morning,  when  the  sun  was  bright,  by  the  reflection  from  the 
water,  and  marked  a  higher  temperature  than  actually  existed  where 
this  was  not  felt.  This  effect,  however,  would  cease  after  10  o'clock  a.  m. 
The  place  selected  for  the  themometer  was  the  best,  everything  eon- 
sidered,  that  could  be  found. 

By  reference  to  the  table  it  will  be  seen  that  during  the  time,  part  of 
July,  the  whole  of  August,  and  a  i)art  of  September,  the  highest  tem- 
perature indicated  was  78°.  The  universal  testimony  of  the  people  was 
to  the  effect  tViat  \l  ^a*  v^ry  unusual  to  have  so  many  foggy  and  raiuy 


REPORT  OF  THE  SECRETARY  OF  WAR.         801 

days  as  we  had  during  the  time  at  that  season.  The  weather  is  usually 
clear,  with  very  little  fog  after  June,  and  thunder-showers  very  seldom 
occur  on  the  island,  though  they  are  constantly  seen  passing  either  to 
the  north  or  to  the  south  of  the  island.  In  winter  it  is  said  that  the 
temperature  is  several  degrees  higher  than  on  the  main  land  north  of 
Block  island. 

GEOEGE  W.  DEESSER, 
Assistant  Engineer  in  charge  of  Survey. 


D. 

Letter  from  the  collector  of  customs  at  Neioport^  Rhode  Island^  in  answer  to 

inquiries  regarding  the  fisheries  at  Block  island, 

CusTOM-HousE,  Newport,  Ehode  Island, 

Collectof^s  Office^  December  27, 1867. 

Sir  :  Your  favor  of  yesterday  is  at  hand,  and  contents  noted.  I  have 
no  knowledge  of  the  amount  of  produce  of  the  island,  but  I  have  written 
to  Captain  Ball  for  the  same,  and  will  inform  you  when  received. 

I  find,  by  my  notes  upon  the  statistics  of  the  fisheries  of  the  island^ 
that  from  1789  to  1866  there  were  caught  by  the  inhabitants  of  Block 
island  355,000  quintals  of  codfish.  At  an  average  price  of  $4  50  per 
quintal,  this  gives  $1,595,500,  or  $22,500  per  year;  on  which  they  never 
have  received  the  fostering  care  of  the  government  by  way  of  bounty, 
which  would  have  amounted,  as  near  as  I  can  make  it,  to  $18,229. 
This  ha^  arisen  from  want  of  a  harbor  in  which  to  lay  their  vessels, 
consequently  could  use  nothing  but  boats  for  fishing. 

Hoping  this  will  give  you  the  desired  information  upon  this  head,  I 
am,  very  respectfully,  your  obedient  servant, 

S.  W.  MACY, 

Collector^  &c. 

Geo.  W.  Dresser,  Esq., 

Major  and  Civil  Engineer. 


E. 

The  following  is  a  copy  of  a  letter  and  a  statement  furnished  me  by 
S.  W.  Macy,  esq.,  collector  of  customs  at  Newport,  Ehode  Island,  con- 
taining the  information  referred  to  and  promised  in  the  foregoing  letter : 

New  Shoreham,  Block  Island, 

January  8,  1868. 

Dear  Sm :  Tours  of  the  30th  was  receiTed  last  Saturday,  and  I  have  taken  pains  and 
fTOft  the  most  reliable  information  that  I  could  upon  the  statistics  of  our  exports  and  imports 
in  the  last  10  years.  Having  been  in  the  business  of  the  island  for  about  14  years,  I  have  a 
good  opportunity  to  know  about  the  actual  amount  of  the  most  of  our  traffic.  I  inclose  the 
statement  which  you  ask  for,  and  consider  it  a  fair  estimate,  and  hope  you  will  be  able  to 
nae  it  to  good  advantage. 

I  am,  sir,  very  respectfully, 

NICHOLAS  BALL. 
Captain  S.  W.  Macy,  Collector,  ifc. 

The  following  is  the  statement,  and  although  it  is  an  estimate,  I  have 
no  doubt  that  it  is  sufficiently  accurate  to  show  about  what  the  yearly- 
products  are  over  and  above  what  is  required  for  home  consumption^  as  I 
know  Mr.  Ball  to  be  reliable. 
51  w— Part  n 
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F. 

Statement  of  the  average  yearly  shipments  of  products  from  Block  island 
the  last  ten  years,  as  estimatea  by  Nicholas  Bally  esq.,  of  New  ShorA 
Rhode  Island. 


20,000 
3,000 

10,000 
5,000 

15,000 
100 

6 
0 


25 


bushels  of  oats. 

bushels  of  corn. 

bushels  of  onions. 

bushels  of  potatoes. 

bushels  of  oysters. 

tons  of  poultry,  (chickens, 

turkeys,  geese,  and  clucks, 
tons  of  wool, 
tons  of  wool,  manufactured 

into  socks,  &e. 
tons  of  black  sand. 


2,000  tons  of  paving  stones, 
(cobble  stone.) 
200  tons  of  fiesh  blue  fish. 
50  tons  of  fresh  codfish. 
20  tons  of  fresh  eels. 
250  head  of  cattle,  horses,  &4 
1,000  head  of  sheep. 
1,000  head  of  swine. 
1,000  barrels  of  Irish  moss. 

350  barrels  of  fish  oil. 
40,000  dozen  of  eggs. 
25,000  quintals  of  dri^d  codfish. 


Estimated  imports  to  Block  island — ^General  merchandise  to  the  vs 
of  $150,000  yearly. 


G. 

List  of  vessels  tcrecl'ed  on  Block  island,  Rhode  Island,from  January  1 ,1 

to  Januarg  1, 1868. 


1 
2 
3 
4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 


February,  1854  ... 

May,  1854 

September  6, 1854. 
September  6,  1854. 
September  6,  1854. 
Septeml>er  6,  1854. 
Septeuiber  6,  1854. 
September  6,  1854. 
January  29,    1855. 

May,  1 855 

Juue,  1855 

October  31,  1S55  .. 
February  2,  1856  .. 
February  2,  1856  .. 

March,  1856 

January,  1857 

February,   18^)7  .. . 

October,  1857 

October,  1857 

November,  1857... 
November,  1857.. . 
March  21,  1858.... 

April  27,  ia58 

May  12,  1858 

June  9,  18r)8 

Dicember  9,  1858. 

May  21,  1859 

June  19,  1859 

September25,  \m9. 
February  19,  1860. 


Rattlesnake,  schooner 

President,  schooner 

Patriot,  brig 

TriJent,  schooner 

Eben  Herbert,  schooner 

Medora,  schooner 

Statesman,  schooner 

Isabella,  schooner 

Malunckus,  brig^ 

Vermont,  brijf 

Croro  pton,  schooner,  coal 

Warden,  bark,  ballast 

Gem,  bark,  from  Africa 

John  S.  Brooks,  schooner,  coal 

Lucullus,  schooner,  timber 

Rou^h  and  Ready,  schooner,  plaster. 

Denja,  bark.  West  Indies 

Parodi,  bark,  coast  of  Africa 

Kossuth,  sloop,  ballast 

Monticello,  brig,  logwood 

West  Falmouth,  schooner,  iron 

Palmetto,  steamship,  assorted 

Walden.  schooner,  ballast 

Trade  Wind,  sloop,  potatoes 

Lucy  Ann,  bark.  West  Indies 

Welcome  Return,  schooner,  pig  iron . 

Londonderry,  schooner,  plaster 

Temperance,  sloop,  iron , 

Lucy  Emeline,  sloop,  ballast 

Franklin  Treat,  schooner,  corn 


12 
11 
IC 
1( 

4 

4 
c 

( 
5 

3( 

t 
( 


9; 


K 
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Idst  of  vessels  wrecked  on  Block  island^  Rhode  Island^  &c. — Continued. 


To. 


n 

{3 

{5 

{6 
$7 
J8 
)9 
10 
II 
12 
13 
14 
15 
16 
17 

id 


Date. 


Names  and  class  of  vessels. 


Septembers,  1860. 
October  18,  1860  .. 
November  14, 1860. 
February  21,1861. 

April  8,  1861 

July  11,  1861 

September  28, 1861. 
November  30, 1861. 

July,  1862 

October  10,  1864  .. 

March,  1865 

December  21, 1865. 
December  2 1,  1865. 
January  7, 1866  . . . 
November  30,  1866. 

July  29,  1867 

July  29, 1867 

September  30,  1867. 


W.  H.  Dennis,  schooner,  ballast 

Almeda,  schooner,  ballast 

Hero,  schooner,  ballast 

Grecian,  schooner,  ballast 

Boundary,  schooner,  lumber 

Randal  S.  Smith,  schooner,  coal 

M.  H.  Sheldon,  schooner,  coal  

Norman,  schooner,  coal 

Manelett,  ( English,  j  schooner,  coal 

Henry,  (English,)  brig,  assorted 

Angler,  (English,)  schooner,  coffee  and  logwood. 
Mary  £.  Thompson,  brig,  hides,  wool,  and  cotton 

Ellen  Forrest,  schooner 

Augusta,  schooner,  lime 

Agnes,  schooner, 

Union,  schooner,  corn 

Maiy  JBarden,  (English,)  schooner,  ballast 

Jennie,  sloop,  stone 

Total  damage  and  loss 


Damage 
and  loss. 


1900 

5,500 

500 

700 

900 

600 

8,250 

200 

6,500 

15,000 

3,000 

3,000 

3,000 

5, 000 

12, 000 

2,000 

4,500 

500 


378,050 


H. 

Customhouse,  Newport,  Ehode  Island, 

Collector's  Office,  January  S,  1S68. 

Sir  :  Your  letter  of  to-day  is  at  hand  and  contents  noted.    The  num- 

r  of  this  district  is  29. 

Etevenue  collected  from  imports  from  June,  1866,  to  June,  1867, 

1,884  05. 

There  was  a  great  falling  off  in  the  imports  at  this  port  from  1866  to 

67,  caused  by  the  southern  ports  being  opened  to  commerce  again. 

lese  ports  being  now  supplied,  the  trade  is  tending  northward  again. 

I  am,  very  respectfully,  your  obedient  servant, 

S.  W.  MACY, 

Collector  J  &c. 
D.  C.  Houston, 

Major  and  Brevet  Colonel  U.  8.  -A.,  Ketcportj  R.  I. 


APPENDIX  Q. 

New  Bedford,  Massachusetts, 

September  17,  1868. 

General  :  I  have  the  honor  to  submit  the  following  report  of  opera- 
«s  on  Plymouth  beach,  Massachusetts,  during  the  year  ending  June 
,  1868. 

No  additional  work  has  been  built  during  the  year.  A  small  balance 
available  funds  has  been  expended  in  repairing  the  breakwater  built 
e  previous  year. 

nount  available  June  30, 1867 $111  H 

cpended  during  the  year Ill  H 


The  amoiiuts  expended  during  last  fiscal  year  and  required  for 
eiidiug  June  30,  1870,  are  given  above. 

I  am,  general,  very  respectfully,  your  obedient  servant, 

JAKED  A.  SMITH, 
Brevet  Major  JJ.  S.  A.,  Corps  of  Engine 
Brevet  Major  General  A.  A.  Humphreys, 

Chief  of  Enffitteers  U.  S.  A.,  Washington,  D.  C. 


TAUNTON  BIVEE. 

New  Bedfoed,  Mass.,  March  18,  Ifi 

General  :  On  the  24th  ultimo  I  received  from  headquarters 

of  engine«rs  a  communication  directing  me  to  esamiue  plans  for  i 

posed  improvement  of  Taunton  river,  Uassachusetb^,  and  report  tb< 

Charts  giving  the  outlines  and  soundings  of  the  river  were  nlflo  rm 

In  accordance  with  the  above,  I  have  the  honor  to  submit  thi 

lowing  report  and  estimate ; 

Owing  to  the  inclemency  of  the  weather,  together  with  the  riverl 

'  mied  with  ice  unusually  lat«  in  the  season,  I  have  been  unable  to  i 

a  personal  examination  of  the  channel.    The  report  of  Captain  Di 

as  appended  to  the  memorial  of  citizens  of  Taunton,  explains  the  in 

so  fiilly  that  a  further  examination  would  seem  unnecessary;  s 

would  respectfully  refer  to  it  for  matters  which  I  may  seem  to 

overlooked.     At  the  time  of  the  above  report,  in  1853,  the  town  of  1 

ton  numbered  about  12,000  inhabitants.     In  1868  it  numbers  2( 

and,  80  far  as  I  can  ascertain,  its  business,  e-specially  that  portion  de] 

ent  upon  the  navigation  uf  the  river,  has  increased  in  a  greatei 
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passing  up  the  river  would  undoubtedly  be  greatly  increased  were  the 
means  for  its  transix)rtation  improved. 

Previous  to  the  survey  by  Lieutenant  Eosecrans  the  channel  of  the 
river  was  considerably  improved,  through  private  subscription,  by  the 
removal  of  some  of  the  principal  ob8ta<?les,  as  boulders,  &c. ;  and  it  has 
been  observed  that  since  these  obstructions  were  removed  high  water 
has  averaged  several  inches  (about  eight)  above  its  pre>ious  level.  It 
has  also  been  observed  that  where  the  bars  were  thus  broken  the  ten- 
dency of  the  water  has  been  to  wear  them  away,  while  the  character  of 
the  valley  drained  is  such  that  no  new  deposits  are  formed. 

No  further  improvements  of  the  channel  have  been  made,  but  the 
navigation  has  been  somewhat  improved  by  the  removal  of  a  bridge, 
shown  on  the  chart  as  Berkley's,  and  the  construction  of  a  draw  in  the 
bridge  at  Weir  village.  No  changes  worthy  of  note  have  taken  place 
in  the  river's  bed  since  the  survey  by  Lieutenant  Rosecrans  in  1852. 

It  will  be  seen,  therefore,  by  reference  to  the  chart,  that  with  high 
water  at  the  average  level,  a  vessel  cannot  pass  over  the  bars  with  more 
than  five  feet  draught  of  water.  Were  these  bars  removed  I  think  it 
would  be  found  that  the  depth  of  water,  under  the  above  circumstances, 
would  be  increased  somewhat  more  than  the  depth  excavated,  owing  to 
the  increased  section  giving  less  obstruction  to  the  tidal  wave  and  per- 
mitting a  larger  quantity  of  water  to  flow  up  the  stream  in  a  given  time. 
Aside  from  this  the  bars,  being  loosened  by  dredging,  would  undoubt- 
edly be  worn  somewhat  deeper  by  the  action  of  the  cuiTent. 

I  find  the  places  requiring  the  channel  to  be  deepened  are  over  the 
shoals  numbered  respectively  1,  2,  3,  and  4 ;  also  near  Cobb's  wharf,  at 
Dighton  ;  a  second  near  the  former  position  of  Berkley's  bridge,  and  a 
third  near  Weir  village  and  above  No.  1. 

It  is  not  expected  that  the  removal  of  any  portion  of  these  shoals  will 
benefit  the  navigation  at  low  water.  There  can  at  present  be  no  pas- 
sage of  the  river,  under  these  circumstances.  High  water  would,  how- 
ever, be  suflBcient  for  all  purposes,  as  a  single  'iood  tide  would  permit 
vessels  to  be  towed  from  Dighton  to  Taunt  and  return  with  nearly 
the  maximum  depth  of  water. 

As  nearly  as  I  can  ascertain  from  the  char  Sjthe  amounts  required  to 
be  excavated,  to  carry  out  the  plan  heretofore  proposed,  i,  e.,  to  make  a 
channel  60  feet  wide,  and  to  a  depth  of  four  feet  below  the  present  low- 
water  mark,  are  as  follows : 


No.  1 

No.  2 

No.  3 

No.4 

At  Dighton 

Berkley^s  bridge 
Weir  village 

Total 


Contents,  cubic 
•  yards. 


4, 000 
6,700 
3,600 
3,000 
800 
:i50 
2, 000 


20, 450 


The  nature  of  these  shoals  has  already  been  explained  in  Captain 
Button's  report.  The  dredges  at  present  used  for  removing  submerged 
deposits  would  probably  be  sufficient  for  these  excavations.  The  boul- 
ders would  require  the  use  of  scows  and  drilling  for  tJieit  Te^ixiox^e^.. 


( 


Iff 


Chief  of  Engineers  U.  S.  Army, 
Headquarters  Corps  of  Engineers,  Washington,  D.  C. 


APPENDIX  B. 

Boston,  Mass.,  September  5,  : 
General:  I  Lave  the  honor  to  make  the  following  report  of  prog 
the  works  of  harbor  improveineut  under  my  charge  during  the  fisc. 
ending  the  30th  of  June,  1808; 

PRESERVATION  AND  IMPBOVESrENT  OF  BOSTON  HABBOE. 

As  soon  as  the  preliminary  sui-veys  wore  completed,  proposal 
invited  for  dredging  the  southwest  point  of  Lowell's  island,  for 
Ing  the  channel  across  the  iipper  middle  bar,  and  for  blat^tiiig  and : 
ing  the  rocks  in  the  narrows  between  the  light  on  the  west  estrei 
Great  Brewst«r  spit  and  Fort  Warren. 

The  contract  for  dredging  the  southwest  jwint  of  Lovell's  ialai 
awarded  to  Mr.  Albert  Boschke,  the  lowest  bidder.  TJnder  his  m 
the  work  has  been  prosecuted  with  vigor,  and  9;i,Sn9  cubic  ya 
dredged  material  removed,  widening  the  channel  at  that  iwint 
'  feet  at  the  low-water  line,  and  to  an  average  depth  over  the  di 
area  of  13  feet  at  mean  low  water.  A  larger  and  more  powerful  drt 
machine  IsnowbeingbuiltbyMr.Buschke,  intended  to carrj- the de{>l 
this  dredged  area  to  23  feet  at  mean  low  wat^r,  the  depth  requii 
contract  and  by  the  rer|uirements  of  navigation. 

It  is  also  ])roposed  to  dredge  off  a  ]>ortiou  of  the  extreme  south 
of  Lovell's  island,  and  the  edge  of  the  shoal  on  the  east  side  of  Gi 
island,  directly  opposite  Ijovell's  island. 

Total  amount  expended  during  the  fiscal  year  ending  June  30 
$4f>.2i'>8  02:  »robable  amount  to  be  exnemled  durinir  the  fiscal  vear  ( 
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refased  to  comply  with  the  terms  of  his  contract  in  prosecuting  it  in 
any  manner,  or  in  paying  the  forfeited  amount  of  his  sui*eties.  The  con- 
tract was  then  given  to  Wm.  W.  Wright,  of  Geneva,  New  York,  the  other 
bidder,  who  gave  the  requisite  securities  for  the  performance  of  the 
work.  As,  however,  he  had  previously  been  notified  that  the  contract 
had  been  awarded  to  Mr.  Wooley,  he  had  in  the  meantime  disposed  of 
the  dredging  machine  with  which  he  proposed  to  do  the  work,  and  wa« 
unable  afterwards  to  procure  a  dredging  machine  of  sufficient  power  in 
time,  and  he  transferred  his  contract  to  Mr.  Albert  Boschke,  of  this  city. 
The  work  was  not  commenced  on  the  30th  of  June,  1868. 

Amount  expended  during  the  fiscal  year  ending  June  30,  1868, 
$3,454  11 ;  probable  amount  to  be  expended  during  the  fiscal  year  ending 
June  30, 1869,  $35,545  89;  amount  required  to  complete  the  dredging 
at  this  point  to  a  depth  of  23  feet  at  mean  low  water,  and  a  width  of 
1,000  feet,  a«  estimated  for  by  the  board  of  harbor  commissioners, 
$118,085. 

Blastin{f  and  removing  Tower  and  Corwin  Rock^. — ^This  work  has  been 
successfuUy  carried  on  under  the  direction  of  Mr.  George  W.  Townsend, 
contractor,  and  has  resulted  in  the  entire  removal  of  Tower  Eock  to  a 
depth  of  23  feet  at  mean  low  water,  aid  the  entire  removal  of  Corwin 
Rock  and  the  adjacent  ledge  lying  between  Corwin  Rock  and  Fort  Warren 
to  a  general  depth  of  22  feet  at  mean  low  water,  and  over  the  larger  por- 
tion of  its  surfoce  to  23  feet  at  mean  low  water.  Six  hundred  and  fifty 
tons  of  rocks  have  been  blasted  from  these  rocks,  hoisted  up,  and  depos- 
ited on  shore.  Many  tons  of  small  fragments  that  were  thrown  into  deep 
water  by  the  explosion  of  the  blasts  were  suffered  to  remain  on  the  bot- 
tom, where  they  in  no  way  interfered  with  navigation. 

The  amount  available  will,  it  is  expected,  nearly  complete  the  entire 
removal  of  these  rocks,  heretofore  so  dangerous  to  navigation.  Amount 
expended  during  the  fiscal  year  ending  June  30,  1868,  $20,842  25 ;  prob- 
able amount  to  be  expended  during  the  fiscal  year  ending  June  30, 1869, 
$9,157  75. 

SEA-WALL  AT  POINT  ALLERTON. 

As  there  were  no  funds  available  for  the  purchase  of  the  site  neces- 
sary for  the  construction  of  this  wall,  application  was  made  by  the 
engineer  in  charge  to  the  legislature  of  the  Commonwealth  of  Massa- 
cliusetts  for  the  appropriation  of  the  sum  necessary  to  purchase  the 
strip  of  ground  near  high  water,  upon  which  to  build  the  wall,  together 
with  the  shoals  in  front,  and  the  necessary  slope  in  rear,  to  be  presented 
in  fee  simple  to  the  United  States.  The  necessary  sum,  $175,  was  appro 
priated  at  the  last  session  and  is  now  available.  As  soon  as  the 
necessary  examination  of  title  can  be  made,  the  purchase  and  transfer 
to  the  United  States  will  be  completed,  after  which  the  work  may  be 
commenced,  as  agreements  have  already  been  made  for  the  rent  of  the 
portion  of  the  adjoining  land  necessary  to  be  used  in  the  construction 
of  the  wall.  Amount  expended  during  the  fiscal  year  ending  June  30, 
1868,  $4,889  52;  probable  amount  to  be  expended  during  the  fiscal  year 
ending  June  30, 1869,  $45,110  48;  amount  required  to  complete  the  work, 
$20,991  87. 

SEA-WALL  FOR  THE  PRESERVATION  OF  GALLOP'S  ISLAND. 

t 

Upon  application  of  the  engineer  in  charge  the  city  of  Boston,  which 
owns  this  island,  presented  to  the  United  States  the  strip  of  ground 
ux>on  which  to  build  this  wall,  with  the  shoals  in  front  wud  ^Vq^v^:^  '\w 


The  negotiations  tor  tlio  purchase  of  the  north  head  of  this  ii 
Tvith  the  lowland  adjacent,  for  military  purposes,  having  failed  t«o 
a  favorable  result,  the  officer  having  it  in  charge.  Brevet  Major  Ge 
H.  W.  Benham,  was  ordered  to  co-operat*  with  Brevet  Major  Ge 
J,  G.  Foster  in  the  effort  to  obtain,  from  the  legislature  of  the  Com 
wealth,  the  passage  of  a  law  providing  for  the  acquisition  of  the 
to  the  necessary  laud  by  the  United  States. 

Application  was  accordingly  made,  and  was  successful  in  obtJi 
the  passage  of  a  law  providing  for  the  determination  of  the  price 
paid  by  the  United  Suites,  by  means  of  the  jury  of  the  superior  ■ 
of  the  county,  and  the  vesting  of  the  titles  in  fee-simple  in  the  0 
StatCH,  upon  the  deposit  of  the  sum  so  determined  in  the  hands  o 
judge  of  the  court.  Application  will  be  made  to  the  court  at  its 
session,  and  as  soou  aa  the  titles  are  thus  secured  the  sea-wall  ini 
commenced. 

Experiments  upon  various  kinds  of  materials  for  pavements  in  « 
the  coping  of  st^a-walls  were  carried  on  during  the  winter,  and  rep 
upon  in  a  si>eoial  rciiort.  Amount  expended  during  the  fiscal  year 
ing  June  30,  18G8,  $7,074  54 ;  probable  amount  to  be  exi»ended  di 
the  fiscal  year  ending  June  30, 1869,  $67,325  46 ;  amount  required 
approiiriated  Ibr  the  fiscal  year  ending  June  30, 1870,  to  compleb 
work,  *75,O00. 


Amount  expended  from  appropriation  for  preservation  of  Proi 
town  harbor  for  the  fiscal  year  ending  June  30, 18G8,  $6,542  43;  ; 
able  amount  to  be  expendecl  during  the  fiscal  year  ending  June  3U, 
ft3li.751    ^li :  niDniiiif  fiiiiiiin>H  tn  hn  ntinivtTiri»t^<l  fur  tlic  lt£i>»1  rf>ar 
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of  Boston  harbor  is  substantially  that  of  the  harbor  commissioners  of 
the  Commonwealth  of  Massachusetts,  which  has  met  the  general  approval 
of  the  Chief  of  Engineers. 

The  items  of  this  plan  are  as  follows,  viz : 

For  dredging  a  channel  across  the  upper  middle  bar  1,000 
feet  in  width,  and  to  a  depth  of  23  feet  at  mean  low 
water,  at  a  total  estimated  cost  of $157, 085  00 

For  dredging  off  the'  southwest  point  of  Lovell's  island  and 
the  extremity  of  Great  Brewster  spit,  so  as  to  widen  the 
channel  to  685  feet  at  the  18.feet  curve  of  the  depth,  and 
to  carry  the  dredging  to  the  depth  of  23  feet  at  mean  low 
water,  at  a  total  estimated  cost  of 188, 805  00 

For  the  removal,  by  bla^sting,  of  Tower  Bock  and  Corwin 
Bock  to  a  depth  of  23  feet  at  mean  low  water,  at  an 
estimated  cost  of 20, 000  00 

For  the  construction  of  a  sea-wall  around  the  north  head  of 

Long  island,  at  an  estimated  cost  of 150, 000  00 

For  the  construction  of  a  sea-wall  around  the  extremity  of 

Point  Allerton,  at  an  estimated  cost  of 70, 991  87 

For  the  construction  of  a  sea-wall  around  the  north  end  of 
Gallop's  island,  at  an  estimated  cost  of 103, 585  63 

Total  for  the  preservation  and  improvement  of  Boston 
harbor 690, 467  50 


The  result  of  resurvey  and  aetual  work  of  removal  have  shown  that 
the  cost  of  removing  Tower  and  Corwin  Bocks,  by  blasting,  to  the  required 
depth  will  exceed  the  sum  of  $30,000.  Also  that  the  western  extremity 
of  the  Great  Brewster  spit  has  ceased  to  extend  itself  into  the  channel, 
and  that  the  removal  of  Tower  and  Corwin  Bocks  will  render  unneces- 
sary the  dredging  oflF  this  spit.  Also,  that  the  cut  at  the  southwest  point 
of  Lovell's  island  should  be  extended,  at  the  depth  of  23  feet,  entirely 
along  that  side  of  the  island  parallel  to  the  axis  of  the  channel,  and 
that  a  similar  and  parallel  cut  should  be  made,  on  the  opposite  side  of 
the  channel,  from  the  shoal  on  the  northeast  side  of  Galloi)'s  island. 

2d.  The  amounts  that  are  required  for  the  entire  and  permanent  com- 
pletion of  each  work  of  preservation  and  improvement  under  my  charge 
are  given  in  the  previous  paragraph,  No.  1,  with  the  exception  of  the 
removal  of  Tower  and  Corwin  Bocks,  which  will  cost  $35,000. 

3d.  The  amount  that  can  profitably  be  expended  upon  each  work  dur- 
ing the  next  fiscal  year  is  as  follows,  viz : 

IN  BOSTON  HARBOR. 

For  the  sea-wall  at  the  north  head  of  Long  island $75, 000 

For  the  sea-wall  at  Gallop's  island 54, 000 

For  the  sea-wall  at  Point  Allerton ^ 21, 000 

For  dredging  the  southwest  point  and  southwest  side  of  Lovell's 

island  and  the  northeast  side  of  Gallop's  island 99, 805 

For  dredging  the  upjier  middle  bar 118, 085 

For  blasting  and  removing  Corwin  Bock 15, 000 

Total 3S^i,^^<^ 


4i 


Cod,  are  locatod,  those  at  Long  Point  near  Loug  Point  light-hot 
those  at  Beach  Point  and  in  the  Salt  Meadows  are  about  equallj 
from  the  latter  light-hou.se  and  Cape  Cod  light-house. 

Cth.  The  amount  of  revenue  colle<.'t«d  at  the  port  of  Boston 
the  fiscal  year  ending  Jane  30,  l^(i8,  as  communicated  to  me 
collector  of  tlie  port.  Judge  Thomas  Russell,  is  815,974,581  3 
amount  collected  at  the  port  of  Provincetown,  as  communicatei 
by  the  officer  of  customs,  Mr.  Isaiah  Gifford,  of  Pro%-incel 
$5,324  61. 

7th.  The  collector  of  the  port  of  Boston  informs  me  that  the 
of  commeree  and  navigation  that  will  be  benefited  by  the  ^ 
improvement  in  this  harbor  will  be  as  follows,  viz : 

Whole  uumber  of  vessels  that  eut«r  and  leave  by  the  channd 
the  Narrows  annually,  24,000.  Amount  of  tonnage  during  tl 
year  ending  June  30, 1S68,  was  as  follows,  viz : 

Tonnage  entered  from  foreign  ports 

Tonnage  entered  from  domestic  ports 

Tonnage  cleared  for  foreign  ports 

Tonnage  cleared  for  domestic  ports 1, 

Total  tonnage,  entered  and  cleared  at  Boston 3, 

The  amount  of  commerce  to  be  benefited  by  the  proposed  i: 
meut  it  is  difficult  to  estimate,  as  no  approximation  can  be  mad 
amount  of  coasting  trade.  The  imports  and  exports,  howe 
accessible,  and  amounted  during  the  last  fiscal  year  to  the  folto' 

Total  imports 37, 

TotaJ  exports 17, 

Aggregate  amount  of  foreign  commerce 54, 

Wo  rpnnrt  has  hppn  pocpivoiT  vpt  fmm  tho  nfflnor  nf  onafnma  nt  T 
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Abstracts  of  proposals  received  for  improving  harbor  at  Bostoftf  Massachusetts, 


Nature  of  work. 

Name  of  bidder. 

Amount  bid  for. 

Price. 

>redgiiig  off  the  southwest 
point  of  Lovell's  ijdand. 

[>redgiQg  achanuel  across 
the  upper  middle  bar. 

Blasting  and  removing 
Corwln  and  Tower 
Rockn,  Ist  series. 

Ditto   iid  Sfiries 

Albert  Boschke,  Boston, 
Massnchnsctts. 

W.  W.  Wright,  Geneva, 
New  York. 

Charles  Wooley,  Boston, 
Massachusetts. 

W.  W.  Wright,  Geneva, 
New  York. 

George  Clapp  and  George 
W.  Townsend,  of  Bos- 
ton, Massachusetts. 

George  W.  Townsend 

George  W.  Townsend 

George  W.  Townsend 

140,000  cubic  yards  (more 

or  less.^ 
140,000  cubic  yards  (more 

or  less.) 
40,000  cubic  yards  (more 

or  less.) 
40,000  cubic  yards  (more 

or  less.) 
W  hole  work ............. 

50  cents  per  cubic  yard. 
$1  25  per  cubic  yard. 
75  cents  per  cubic  yard. 
75  cents  per  cubic  yard. 
$44,500. 

Dnv's  work 

$90  per  working  day. 

Ditto   3d  series     

Day's  work .............. 

$IU0  per  worklug  day  of  9 

Ditto.  4th  series 

Day's  work 

hours. 
$85  per  worldng  day. 

I  inclose  abstracts  of  bids  received  for  sea-wall  on  Gallop's  island, 
marked  A,  abstract  of  contracts,  marked  B,  and  abstract  of  prices,  of 
material  and  labor,  marked  C. 


E  1. 

Boston,  Mass.,  December  31, 1867. 

General  :  I  have  the  honor  to  make  the  following  report  of  the  opera- 
tion of  removing  Tower  Rock  in  the  harbor  of  Boston: 

This  rock  was  situated  in  the  Narrow^s  between  the  extremity  of  the 
Great  Brewster  spit  and  Fort  Warren,  about  100  yards  southwest  from 
the  Spit  light,  commonly  called  the  "Bug  light."  It  thus  stood  directly 
upon  the  edge  of  the  main  ship  channel,  a«  will  be  seen  by  reference  to 
the  accompanying  sketch  A ;  and  ha>ing  only  18J  feet  of  water  upon  it 
at  mean  low  water,  constituted,  with  Corwin  Rock,  situated  100  yards 
&om  the  former  and  almost  in  the  middle  of  the  channel,  with  16  feet  at 
low  water,  dangerous  obstacles  to  navigation. 

The  amount  available  for  the  removal  of  these  two  rocks  to  a  depth 
af  23  feet  at  mean  low  water  was  $20,000. 

Proposals  were  advertised  for  on  June  18, 1867,  which  being  opened 
311  the  1st  of  July  contained  only  one  bid,  and  that  for  $44,000.  This, 
exceeding  the  sum  available  for  the  work,  was  rejected. 

On  July  10  a  contract  was  made  with  Mr.  George  W.  Townsend  to  do 
the  work  for  $90  per  day,  he  to  furnish  a  vessel,  machinery,  two  sub- 
marine divers,  and  all  materials  and  necessary  appliances. 

Work  was  commenced  July  29, 1867,  on  Tower  Rock,  which,  being  the 
smaller  and  more  accessible,  it  was  decided  to  remove  first.  The  opera- 
tion was  conducted  by  first  mooring  the  working  vessel^  a  sloop  of  about 
60  tons,  directly  over  the  rock  by  means  of  four  mooring  buoys  placed 
at  equal  distances  apart  around  the  rock  and  about  20  yards  from  it. 
Another  buoy  was  placed  directly  upon  the  rock  to  mark  its  position 
distinctly,  in  case  the  sloop  shoiild  be  forced  by  accident  or  stress  of 
weather  to  leave  her  moorings  and  seek  a  harbor. 

A  careful  examination  of  the  rock  by  the  divers  disclosed  it  to  be  a 
firm,  compact,  and  very  hard  slate  about  50  feet  long  by  26  wide.  (See 
sketeh  A.)  Its  surface,  being  quite  smooth  and  rounded,  resisted  all 
trials  to  break  it  by  the  explosion  of  large  charges  of  powder  upon  its 
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face  and  at  its  sides.  The  drilling  machine  of  Mr.  Townsend  was  there- 
fore placed  upon  the  rock  and  firmly  fastened  to  it  by  gays,  and  the  pro- 
cess of  drilling  for  blasting  commenced. 

As  this  machine  is  new,  I  will  give  a  brief  description  of  it  and  its 
working.  It  consists  (sketch  B  and  photograph)  of  three  general  parts, 
the  drill,  the  frame  in  which  the  drill  works,  and  the  appliances  for 
operating  it.  The  drill  (a  b  c)  consists  of  an  iron  shaft  (a  h)  16  feet  and 
nine  inches  long  and  two  inches  in  diameter,  to  which  is  attached  at  its 
lower  end,  by  a  socket  and  key,  the  drill-head  or  cutter,  {b  c.)  This  cot- 
ter is  about  20  inches  in  length  and  3J  inches  across  the  cutting  edge. 
The  shaft  and  cutter  weigh  about  200  pounds.  The  cutting  edge  of  tiie 
cutter  is  made  in  a  peculiar  form,  which  is  found  to  stand  better  than 
any  other,  beiug  similar  to  the  letter  S.    (See  c,  sketch  B.) 

The  drill  frame  consists  of  two  boiler-iron  plates  ( /  g  and  e  h)  con- 
nected by  uprights,  (jjjy)  and  supported  by  legs  (d  i)  adjustable  to  differ- 
ent lengths  to  suit  the  uneven  surfaces  of  the  rocks.  The  frame  is  kept 
firmly  in  position  by  guys  (III)  attached  to  the  upper,  and  when  neces- 
sary, to  the  lower  plate.  These  guys  are  then  made  fast  to  bolts  driven 
into  small  holes  (brilled  in  the  surface  of  the  rock  by  the  diver  with  a 
hand  drill. 

The  apparatus  for  operating  the  drill  consists  of  a  clutch  (m  n)  having 
an  oblique  slot,  (p,)  the  8haq>  opposite  edges  of  which  catch  the  drill 
and  raise  it  by  their  friction.    The  forked  end  of  the  clutch  (q  u)  shdes 
upon  an  inclined  rod  (r)  so  as  to  give  the  necessary  tiurii  to  the  drill  in 
rising.    A  pin  (S)  fixed  at  the  proper  height  disengages  the  clutch  and 
allows  the  drill  to  fall  straight,  cutting  the  rock  by  the  force  due  to  its 
gravity.    The  height  of  faU  is  made  adjustable  by  the  position  of  the 
pin  (S)  so  as  to  suit  the  texture  and  hardness  of  different  rocks,  being 
usually  made  as  great  as  the  edge  of  the  cutter  will  stand.     Upon  Tower 
Rock  the  fall  was  six  inches.    The  clutch  is  operated  by  a  chain  (o)  which 
passes  tlu*ough  a  hole  (t)  in  the  upper  plate,  and  is  attached  to  a  single 
block,  (m,)  through  which  passes  a  rope  leading  to  the  vessel;  one  end  of 
the  rope  being  attiiched  to  the  adjustable  crank-pin  (v)  of  a  small  steam- 
engine,  and  the  other  to  a  cleat  (ir)  on  the  rail  of  the  vessel,  to  allow  the 
line  to  be  taken  in  and  let  out  so  as  to  accommodate  to  the  fall  and  rise 
of  the  tide.    To  put  the  drill  in  operation,  motion  is  given  to  the  steam- 
engine  and  communicated  to  the  disk,  (v  x.)    As  the  crank-pin  rises  from 
its  lowest  to  its  highest  point  it  draws  up  the  drill  line,  which  raises  the 
block  and  the  drill  chain  half  as  far;  this  raises  the  clutch,  which  catches 
the  drill  between  its  sharp  edges  and  raises  it,  turning  iis  it  raises  untO 
the  fork  of  the  cluteh  strikes  against  the  pin  (S)  upon  the  inclined  slide, 
when  the  drill  instantly  becomes  disengaged  and  falls.     The  crank-pin, 
passing  from  the  highest  to  the  lowest  point,  lowers  the  drill-rope  block 
and  chain,  and  thus  permits  the  clutch,  which  is  weighted  at  one  end, 
(m,)  to  fall  to  its  lowest  point,  where  it  is  held  by  an  adjustable  pin  (y) 
ready  to  catch  the  driU  again  at  the  instant  the  clutch  commences  to  be 
raised.    The  operation  is  repeated  and  the  drilling  thus  proceeds. 

The  fragments  and  powdered  stone  are  usually  removed  with  a  long 
spoon,  the  drill  being  raised  clear  of  the  hole  for  the  purpose  by  means 
of  the  hoisting  apparatus  of  the  vessel.  This  ''spooning  out"  aud  all 
other  operations  of  the  drill  are  attended  to  by  the  diver,  with  whom 
constant  communication  is  maiatained  through  a  signal  line. 

Generally  a  rod  (z)  and  a  wooden  pole  (/)  of  sufficient  length  to  reach 
above  the  water  are  fitted  into  the  upper  end  of  the  drill  to  afford  a  con- 
stant index  to  its  motion. 

Sometimes  the  a\i  \io^^  ot  t\i^i»t<!ft-^ump  is  introduced,  and  air  forced 
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to  the  bottom  of  the  hole,  which  is  by  this  means  cleared  more  thor- 
oa^hly  aud  quickly  than  by  the  most  careftil  spooning  out. 

It  is  proposed  to  have  a  small  hole  along  the  axis  of  the  drill,  through 
which  a  stream  of  water  is  to  be  forced  to  drive  out  the  cuttings  by  the 
mechanical  force  of  the  water,  and  tbus  keep  the  drill  constantly  clear. 

The  swell  of  the  sea  is  provided  for  by  the  form  of  the  slot  in  the  clutch, 
which  is  made  long  enough  to  afibrd  the  requisite  play ;  besides  this, 
the  vessel  need  not  lie  directly  over  the  drill,  but  at  any  convenient  dis- 
tance, since  the  drill  lin^  can  have  a  considerable  vertical  angle  above 
the  top  plate  of  the  frame. 

The  adjustable  legs  and  guys  also  allow  the  frame  to  be  set,  and  the 
drill  to  be  worked  at  a  small  angle  from  the  vertical,  and  thus  drill  into 
ttie  sides  of  the  rocks  at  a  corresponding  inclination. 

Operated  in  the  usual  way  at  the  ordii^ary  rate,  the  drill  made  from 
40  to  60  blows  in  a  minute,  and  drills  a  hole  three  and  a  half  inches  in 
diameter  to  an  average  depth  of  five  feet  in  a  day^ 

At  first  great  difficulty  was  experienced  in  giving  a  good  temper  and 
form  to  the  cutting  edge  of  the  (frill-head.  In  consequence  the  first  five 
holes  were  only  sunk  to  the  depth  of  three  feet,  and  the  blasts  made  in 
them  prove<l  of  little  effect. 

As  the  cutter  was  improved  the  holes  were  sunk  deeper,  until  finally 
the  S  form  of  the  edge  being  hit  upon  enabled  us  to  drill  eight  feet  in 
depth.  The  blasts  in  these  holes  were  very  effective,  and  three  such  ena- 
bled us  to  entirely  break  up  the  rock. 

The  powder  used  at  first  was  Dupont's  best  sporting  powder,  of  which 
the  charge  varied  from  6  to  20  pounds.  The  powder  did  not,  however, 
seem  to  be  strong  enough  to  throw  out  the  large  masses  of  rock  in  which 
the  drills  were  sunk.  Often  the  only  eff'ect,  even  in  the  eight  feet  holes, 
was  to  blast  out  the  tamping  like  the  shot  from  a  cannon,  and  with  lit- 
tle more  injury  to  the  holes.  Twenty  kegs  of  powder  of  25  i)ounds  each 
were  used  in  this  way.  Finally,  a  trial  was  made  of  Dr.  Ehrhardt's 
"  patent  blasting  powder,"  of  the  composition  of  60  parts  of  chloride  of 
potash  to  50  parts  of  (*.utch,  v\  hich  did  not  effect  much  more  than  powder ; 
but  on  making  it  stronger  by  increasing  the  proportion  of  chloride  to 
80  per  cent,  of  chloride  of  potash  to  20  of  gambler,  the  effect  was  greatly 
increased,  and  seemed  to  be  double  that  of  powder.  The  use  of  about 
80  pounds  of  this  powder  completed  the  entire  disruption  of  the  rock. 

Upon  one  or  two  occasions  the  blasts  left  narrow  seams  in  the  rock,  in 
which  a  small  quantity  of  a  very  strong  compound  could  have  been 
used  with  great  advantage,  and  eflforts  were  made  to  obtain  nitro-glycer- 
ine  for  that  purpose,  but  none  could  be  procured  in  time  for  use  on  that 
rock. 

The  cylinders  to  contain  the  charges  used  in  blasting  this  rock  were 
at  first  made  of  tin,  of  which  six  dozen  were  used ;  after  which  those 
made  of  India-rubber  were  used,  and  found  to  be  better  and  more  easily 
introduced  into  the  holes. 

About  150  cartridges  of  this  material,  of  the  ordinary  size,  were  used, 
beside  two  dozen  large  bags  for  seam  blasting.  The  charges  were 
ignited  by  an  electrical  fuse  (see  sketeh  C)  placed  inside  the  car- 
tridge, and  attached  usually  to  a  double  wire  in  a  single  gutta-percha 
covering,  around  which  the  mouth  of  the  cartridge  was  hermetically 
closed.  This  double  wire  extended  to  a  small  friction  battery  on  the 
deck  of  the  vessel.    (See  sketeh  C.) 

To  discharge  a  blast  the  drilling  machine  was  first  hoisted  on  board : 
then  the  cartridge  was  placed  in  the  hole  by  the  diver,  who  introduced 
above  it  the  tamx>ing,  and  then  came  up.     The  vessel  being  tlij^w.  VvaA\i<^«^. 


at  low  and  33  feet  at  high  water,  the  saud  became  bo  affected 
buoyancy  of  the  water  ae  to  be  deprived  of  tlie  compactness  n« 
to  produce  effect.  la  fact,  tlie  effect  with  sand,  or  with  no  taraj 
all,  seemed  the  same  at  that  depth.  Metal  tamping  arrangemenl 
then  used.  Of  these  the  Lewis  form  (sketeh  C)  was  always  efl 
but  had  the  disadvantage  of  being  introduced  with  difficulty,  j 
metal  cylinder  (sketch  0  was  then  tried  with  success,  as  it  co 
lowered  directly  upon  the  charge,  andattheesplosion  seemed  tot 
like  the  cup  of  the  mini^  ball  and  to  adhere  to  the  sides  of  tl) 
by  friction.  Generally,  however,  the  best  results  were  obtained  1 
exploding  in  the  hole  successive  charges,  without  tamping,  until 
were  started  in  various  directions ;  then  to  use  a  heavy  ehai^ 
good  tamping  like  the  gun-metal  cylinder,  so  as  to  hoist  out 
masses  of  rock  that  had  been  thus  disconnected  by  the  seams. 

The  quantity  of  rock  removed  from  Tower  Bock  was  abo 
tons,  of  which  80  tons,  being  in  large  masses  from  one  to  eight 
weight,  were  hoisted  up  and  deposited  upon  the  beach.  As  the ' 
of  the  channel  was  only  a  few  feet  below  the  rock  when  finishe 
the  smaller  pieces  that  had  been  blown  off  were  suffered  to  tea 
the  bottom  around  the  rock. 

The  work  on  this  rock  was  completed  upon  the  26th  September, 
occupied  nearly  two  months. 

The  total  cost  was  $5,194  71,  or  |34  63  per  ton ;  the  total  res 
removal  of  this  rock  from  a  depth  of  18^  feet  to  over  23  feet,  a 
low  water. 

1  have  the  honor  to  be,  general,  your  obedient  servant, 

J.  G.  FOSTER, 
Brevet  Major  General  U.  8.  A.,  Lieut.  Col.  Engii 

Chief  of  Engihebes, 

Headquarters  Corpa  of  Engineers,  Washington,  D.  C 
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20,000  bushels  clear  pit  sand. 

4,000  barrels  best  h^^draulic  cement. 

4,000  cubic  yards  broken  stone,  for  concrete. 

1,C00  running  feet  granite  coping;  course  27  inches  high. 

1,000  running  feet  granite  facing,  10  feet  high. 

1,000  tons  irregular  granite,  for  paving. 

The  tcorkmanship  is  to  be  understood  as  to  include  all  expenses  what- 
ever incident  to  building  the  wall  from  the  above-named  materials,  and 
proposals  therefor  will  express  a  price  for  each  of  the  following-named 
items,  viz : 

1.  For  excavation  of  foundations,  per  cubic  yard. 

2.  For  making  and  placing  concrete,  per  cubic  yard. 

3.  For  setting  the  header  and  stretcher  courses  of  granite  facing,  per 
superficial  foot  of  face. 

4.  For  setting  the  coping  course  per  foot,  run  of  the  wall. 

5.  For  digging,  remo\4ng,  and  depositing  earth  for  back  slope,  and 
other  excavations  not  of  foundation,  i>er  cubic  yard. 

6.  For  laying  the  paving  and  preparing  the  surface  for  its  reception, 
I>er  square  yard. 

For  work  not  included  in  the  above  items,  per  day's  work,  as  follows: 

7.  Masons  or  stone  cutters,  per  day. 

8.  Good  laborers,  per  day. 

9.  Yoke  of  oxen,  with  cart,  or  truck,  and  driver,  per  day. 

10.  A  good  horse,  harness,  cart  and  driver,  per  day. 

11.  For  materials  to  be  purchased,  per  cent,  advance  on  actual  cost. 

The  above  rates  per  day  will  be  understood  to  cover  and  include  a 
general  and  faithful  supervision.  No  bid  for  workmanship  will  be  con- 
sidered, unless  all  the  above  eleven  items  of  price  shall  be  distinctly  set 
forth. 

Separate  bids  may  be  entertained  for  the  supply  of  the  separate  classes 
of  material,  but  the  United  States  shall  not  be  bound  to  the  acceptance 
of  any  bid,  whether  for  material  or  workmanship,  unless  the  engineer 
officer  in  charge  shall  be  satisfied  that  the  same  is  for  the  interest  of 
the  United  States.  Preference  will  be  given  to  those  proposals  which  cover 
most  items.  Plans  and  drawings  showing  the  site  and  character  of  the 
work,  and  the  full  forms  of  contract  and  specifications  required  to  be 
signed  by  the  contracting  parties,  together  with  blank  forms  of  proposal 
and  guaranty,  upon  which  the  bids  to  insure  consideration  are  required 
to  be  made  out,  will  be  open  to  inspection  in  this  office  from  this  date 
till  the  close  of  the  bidding  at  3  p.  m.  of  the  15th  instant. 

J.  G.  FOSTER, 
Brevet  Major  General  U.  8.  -A.,  Lieutenant  Colonel  Eiigineers. 
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R  3. 

Abatract  of  contracts  made  for  the  prestrvation  and  improvement  of  Boston  harbor. 


Namei  of  contractors. 


c; 


•f 


I 


Albert  Botchk6,  BoHton 

Cbai.  Woolley,  Boston,  Mass. 

Wm.  W.  Wright,   Geneva, 

N.  Y. 
Qeo.  W.  Townitend,  Boston, 

Mass. 
Do 


Do. 


T.  W.  Hoxie  Sc  Co.,  Boston, 

Mass. 
Franklin  Mead.  Boston,  Mass . 
James  Andrews,  Biddeford, 

Maine. 
Do 


Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Do. 

Do. 
Do. 
Do. 
Do. 
Do. 

Do. 


Nature  of  work. 


Dredging  off  the  southwest 
point  of  Lovell's  island. 

Dredging  a  channel  across 
the  upper  middle  bar. 
Do 


Removal    of    Tower 

Corwin  Rocks. 
do 


and 


do. 


Sea-wall  on  Gallop's  island. 

do 

do 

do 


do. 
do. 
do. 
do. 
do. 
do. 
do. 

do. 

do. 
do. 
do. 
do. 
do. 

do. 


Quantity,  materials.  Sec 


Price. 


140,000  cubic  yards,  more 

or  less. 
40,000  cubic  yards,  more  or 

less. 
40,000  cubic  yards,  more  or 

less. 
Day's  work 

Day's  work 

Day's  work 

Cement , 

Sand 

Broken  stone 

Granite  coping  course 

Granite  facing 

Granite  for  paving,  for  1,000 
tons. 

Excavation  for  foundation, 
2,000  cubic  yards. 

Making  and  placing  con- 
crete, 3.000  cubic  yards. 

Setting  headers  and  stretch- 
ers, 10,000  muperficial  feet 

Setting  coping  course,  1,000 
running  feet. 

Excavating  and  embanking 
back  slope,  10,000  cubic 
yards. 

Laying  pavement,  1,000  sq. 
yards. 

Masons  or  stonecutters 

Good  laborers 

Yoke  of  oxen 

Cart  or  truck,  and  driver. . . 

Hone,  with  cart  and  driver, 
per  day. 

Per  cent,  on  actual  cost  of 
materials  famished. 


50  cts.  per  cu.  j't 
75  eta.  per  en.  j*i 
75  cts.  per  «l  j'i 

$90  per  workisi 

day. 
$100   per  workia 

day  of  9  boon. 
$85  'per    workia 

day. 
$2  25p«rbanvL 
I2ct«.  perbosbeL 
$2  44  ptT  en.  y'd. 
$7  10  pernuml^ 

foot. 
$19  25per  romuBi 

foot. 
$3  50  per  too. 

50  ct«.  per  en.  j'4. 

$2  60perea.j'd 

32  cts.  per  saperf- 

cial  foot 
$1  40  per  raoBisf 

foot 
25  cts.  per  eo.  j'i 

$1  75  per  tq.  j'i 

$3  50  per  ds? . 
12  %  per  dsj. 
$6  00  per  ds;. 

$4  50  per  day. 

5  percent 


J.  a.  POSTER, 
BvL  Af<9.  Gen.  U.  S.  A.,  LUuL  OoL  Engiuat. 
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R  5. 

Statement  of  cash  received  and  ej^pended  on  account  of  appropnation  for 
preservation  and  improvement  of  Boston  ha,rbor  during  the  fiscal  year  md 
ing  June  30,  18G8.  ^ 

Cash  on  hand  June  30,  1867 $10, 000  00 

Received  during  the  year  from  treasury  of  U.  S 101, 000  00 

Total  to  be  accounted  for Ill,  000  00 

Expended  during  the  year $SS,  765  60 

Deposited  to  credit  of  Treasurer  of  U.  S.,  Dec. 

11,  1867 12, 000  00 

Total  accounted  for 100, 765  60 

Balance  remaining  on  hand  July  1,  1868 10, 234  40 

Amount  of  appropriation  available  June  30,  1868 211, 234  40 

Amount  required  to  be  appropriated  for  the  fiscal  year  end- 
ing June  30, 1870 382, 890  00 

J.  G.  FOSTER, 
Bvt.  Maj.  Oen.  U.  8.  J..,  Lt,  Col.  Engineers, 


R  6. 

Headquarters  Corps  of  Engineers, 
Washington,  D.  C,  June  30, 1868. 

General  :  In  answer  to  the  communication  of  the  Committee  on  Com- 
merce of  the  Senate,  a-sking  the  views  of  the  Secretary  of  War  as  to  the 
propriety  of  the  legislation  proposed  in  an  inclosed  bill  (S.  566)  author 
izing  the  construction  of  a  bridge  from  Boston  to  East  Boston,  referred 
to  this  office  for  report,  I  beg  leave  to  state  that  Lieutenant  Colonel  and 
Bi*evet  Major  General  J.  G.  Foster,  corps  of  engineers,  in  charge  of 
works  for  the  preservation  and  improvement  of  Boston  harbor,  has  been 
directed  to  make  inquiries  into  and  report  upon  the  injury  to  navigation 
and  to  the  interests  of  the  United  States  which  woidd  probably  result 
from  the  construction  of  a  bridge  in  this  locality.  His  report,  which  is 
early  expected,  will  be  transmitted  as  soon  as  received. 

So  far  as  at  present  informed,  it  is  clear  that  there  are  serious  objec 
tions  to  authorizing  the  construction  of  such  a  bridge : 

1.  It  will  restrict  and  embarrass  the  access  to  the  navy  yard  at  Charles- 
town. 

2.  It  will  obstruct  commerce,  by  interposing  the  obstacle  and  delay  of 
a  draw.  The  bulk  of  foreign  commerce  is  carried,  in  ships  of  the  heav- 
iest burden,  above  the  probable  line  of  the  bridge.  Some  measure  of 
the  obstruction  to  commerce  may  be  deduced  from  the  fact  that  about 
30,000  vessels  of  all  sorts  pass  the  locality  of  the  bridge  yearly. 

3.  It  may  cause  injury  to  navigation  by  the  formation  of  deposits  in 
some  part  of  the  harbor,  on  account  of  diminishing  the  water-way  and 
increasing  tlie  scouring  effect  of  the  tidal  currents  in  the  channel-way 
at  the  site  of  the  \)t\&ge*,  ^ud  ^l^^^by  diminishing  the  tidal  action  in  the 
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upper  part  of  the  harbor,  it  will  impair  the  general  eflfecte  of  the  cur- 
rents which  now  maintain  the  channel. 

4.  It  will  lessen  the  anchorage  ground  in  the  harbor. 

In  addition,  there  are  local  objections  more  or  less  serious  in  their 
nature. 

Very  respectfully,  your  obedient  servant, 

A.  A.  HUMPHREYS, 
Brig.  Gen.  of  Engineers ^  Commanding. 

Major  General  John  M.  Schofield, 

iSecretary  of  War. 


K  7. 

Boston,  Mass.,  June  30, 1868. 

General  :  I  have  tlie  honor  to  acknowledge  the  receipt  of  your  letter 
of  June  24th,  inclosing  a  copy  of  a  communication  from  the  chairman  ot 
the  Committee  on  Roads  and  Canals  of  the  United  States  House  ot 
Representatives,  in  relation  to  the  proposed  bridge  between  Boston  and 
East  Boston,  and  directing  me  to  report  a«  fully  a«  possible  upon  the 
points  of  inquiry  therein  contained. 

In  accordance  I  have  the  honor  to  report  as  follows  with  respect  to  the 
effect  of  the  proposed  bridge : 

1st.  As  to  "  the  eifect  upon  the  navigation  of  the  harbor.^  The  plans 
of  Mr.  T.Willis  Pratt, mentioned  in  the  act  "  To  incorporate  the  Maver 
ick  Bridge  Company,"  (copy  inclosed,)  contemplate  the  construction  of  a 
^ire  suspension  bridge  resting  upon  three  or  four  large  piers  of  masonry. 
The  bridge  is  to  have  a  pivot  draw  of  380  feet  in  length,  thus  allowing 
a  passage  on  each  side  of  the  pivot  pier  of  150  feet.  It  is  proposed  to 
open  and  close  this  draw  by  machinery,  and  also  to  employ  a  steam-tug 
to  facilitate  the  passage  of  vessels. 

The  records  of  the  drawkeepers  at  the  bridges  across  Charles  and 
Mystic  rivers  give  the  following  as  the  number  of  vessels  that  have 
passed  in  the  last  year : 

OptningB. 

Chelsea  bridge,  south  draw 6,400 

Chelsea  bridge,  north  draw 1,250 

Meridian  street  bridge.  East  Boston  to  Chelsea 1,830 

Charles  river  bridge,  Boston  to  Charlestown 8,500 

Total  openings  of  draws  in  one  year 10,480 


The  number  of  vessels  that  pass  the  line  of  the  proposed  bridge,  going 
to  the  wharves  in  Boston,  Charlestown,  East  Boston,  and  Chelsea,  is  at  least 
equal  to  the  above  number  that  passed  draws,  viz,  16,486,  giving  the 
number  of  vessels  that  will  pass  the  draw  of  the  proposed  Maverick 
bridge  as  32,972. 

The  drawkeepers  report  that  the  time  occupied  by  the  vessels,  which 
are  schooners  and  others  of  light  draught,  in.  passing  their  draws,  varies 
ftoui  two  to  15  minutes,  and  averages  at  least  ti ve  minutes. 

At  the  new  railroad  bridge  across  the  Merrimack  at  Kewbury port,  the 
time  occupied  in  merely  opening  and  closing  the  draw  of  100  feet  in 
length,  without  waiting  for  the  x>assage  of  a  vessel,  is  4^  minutes. 

The  vessels  that  are  to  pass  the  Maverick  bridge  are  tYie^  Y^T^^i-sX.  X^as^V 
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eiiter  the  harbor,  being  those  of  the  India  trade,  and  others  of  equally 
heavy  tonnage,  that  have  their  wharves  in  Boston  from  Battery  wharf 
around  to  the  Charles  river  bridge,  and  the  vessels  of  war  of  the  navy. 
These  heavy  vessels,  difficult  of  navigation  at  the  best  in  a  limited  spa43e, 
will  be  stiU  more  difficult  to  manage  in  passing  the  draw  at  the  low  rate 
of  speed  necessary  to  guard  against  serious  accidents,  and  in  the  in 
creased  velocity  of  the  current  caused  by  the  piers. 

It  is  not  imreasonable,  then,  to  estimate  that  with  all  the  advantages 
of  steam  in  maneuvering  the  draw  and  towing  vessels  through,  the 
time  consumed  in  opening  the  draw,  passing  the  vessel,  and  shutting  it, 
will  be  at  least  live  minut^^s. 

This  will  amount  to  164,860  minutes  in  the  year,  or  452  minutes,  equal 
to  seven  hours  and  32  minut^»s,  in  each  day.  The  transit  across  the  bridge 
will  thus  be  interrupted  for  nearly  eight  hours  each  day,  and  will  eon 
sequently  almost  totally  interrupt  travel.  This  is  supposing  that  the 
transit  is  made  subordinate  to  the  passage  of  vessels.  But  the  same 
interests  that  have  carried  tlie  necessary  biU  through  the  legislature  and 
brought  it  before  Congress  may  be  able  to  cause  the  passage  of  vessels 
to  be  made  subordinat-e  to  transit  across  the  bridge,  and  to  limit  the  time 
for  tlie  opening  of  the  draw  and  passage  of  vessels,  and  even  to  termi 
nate  in  establishing  a  closed  bridge.  Whether  it  be  ever  carried  to  this 
extent  or  not,  it  is  evident  that  the  proposed  bridge  will  be  at  the  best 
a  serious  obstruction  to  navigation,  not  only  in  the  time  that  will  be  con- 
sumed in  parsing  the  diaw,  but  in  the  i^ositive  dangers  resulting  to  ves^ 
sels  from  collisions  with  each  other,  or  with  the  piers  or  draw  of  the 
bridge. 

A  heavy  frigate  striking  a  pier,  while  passing  at  a  si)eed  of  four  miles 
an  hour,  would  have  momentum  sufficient  to  overturn  it,  but  at  the  same 
time  it  would  probably  be  itself  crushed  in  and  sunk. 

Every  bridge  is  more  or  less  an  obstruction  to  navigation  ;  but  in  this 
case,  with  a  bridge  across  the  best  and  most  frequented  part  of  the  har- 
bor, over  a  part  of  the  best  anchorage  ground  for  heavy  vessels,  and  on 
a  line  across  which  pass  daily  ninety  vessels,  the  majority  of  which  are 
of  great  tonnage,  engaged  in  the  foreign  trade,  or  United  States  men  of 
war,  the  obsti-uction  becomes  greatly  aggravated,  and  of  serious  and 
almost  fatal  effect. 

The  ^)ace  occupied  by  the  piers  will  cause  a  corresponding  diminution 
of  the  water-way,  and  an  increased  velocity  of  the  current  immediatdy 
k)etween  the  pieis.  This  will  scour  out  the  material  of  the  lK)ttom  at  the 
bridge,  and  convey  this  mat-erial  to  the  distance  from  the  bridge  where 
the  original  velocity  of  the  current  is  resumed.  I  <;alculate  this  increased 
velocity  at  the  bridge  to  be  four-tenths  of  a  mile  an  hour,  and  that  the 
scourings  will  bo  deposited  within  2,000  feet.  This,  unfortunately,  will 
place  the  deposit  of  the  ebb  tide  in  that  portion  of  the  anchorage  which 
iH  now  the  most  valuable  for  heavy  vessels,  being  the  deepest,  so  that 
ultimately  this  deep  and  valuable  portion  may  be  filled  up  so  as  to  be  no 
longer  of  the  requisite  depth  for  this  large  class  of  vessels.  This  would 
be  an  injury  to  the  navigation  of  the  harbor,  the  ext/cnt  of  which  can 
h»rdly  be  (Estimated. 

2d.  As  to  ''  the  area  of  anchorage  ground,''  it  will  be  seen  by  the 
sketches  inclosed  that  the  area  of  anchorage  ground  for  large  ve^selB, 
lying  within  the  five-fathom  curve,  extends  from  a  short  distance  al>ove 
the  most  northerly  of  the  projiosed  positions  for  the  bridge,  to  some 
1,500  below  the  most  southern  position.  In  either  of  the  proposed 
positions  it  will  pass  over  a  portion  of  the  best  Jinchorage  ground  in  the 
harbor. 
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Allowing:  40  fathoms' scope  of  chain  for  a  vessel  of  the  Dictator  class, 
which  is  considered  absolutely  necessary  by  pilots,  and  a  length  of  324 
feet,  which  is  the  length  of  the  Dictator,  it  will  require  an  area  of  584 
fe^t  radius  to  allow  such  a  vessel  to  swing  to  her  cable;  but  as  no  vessel 
should  be  anchored  so  as  to  strike  the  bridge  in  swinging,  or,  in  case  of 
the  Dictator,  within  584  feet  on  either  side,  the  proposed  bridge  will  take 
from  the  available  anchoring  ground  for  large  vessels  [584  x  2  x  40] 
X  1,500  =  1,812,000  square  feet,  or  nearly  2,000,000  square  feet  of  the  best 
anchoring  ground  in  the  harbor. 

This  takes  nearly  one-half  of  all  the  available  anchorage  ground  for 
the  heaviest  class  of  vessels,  as  will  be  seen  from  the  space  inclosed 
within  the  live-fathom  curve  on  the  sketch.  And  even  the  remaining 
space  for  large  vessels  will  be  further  limited,  in  time,  by  the  deposition 
of  the  scouriugs  between  the  piers  of  the  bridge  as  described  above. 

3d.  As  to  the  eilect  "  upon  the  rights  and  interests  of  the  United 
States  in  the  Charlestown  navy  yard,''  I  inclose  a  copy  of  "An  act 
authorizing  the  United  States  to  purchase  a  certain  tract  of  land  in 
Charlestown  for  a  navvyard,"  passed  (by  the  Massachusetts  legislature) 
June  17,  1800. 

Under  this  the  land  has  been  acquired,  the  buildings  and  wharv^es 
constructed,  at  an  expense  of  about  $30,000,000.  The  value  of  this  prop- 
erty as  a  navy  yard  will  be  vastly  diminished  by  the  proposed  bridge, 
which  will  so  impede  the  ingress  and  egress  of  vessels  of  war  as  event- 
ually to  force  the  government  to  remove  the  yard  to  some  more  accessible 
harbor.  The  United  States  would  thus,  in  addition  to  being  deprived  of 
its  right  to  pass  freely  to  and  from  the  ocean  which  it  had  at  the  time  of 
the  establishment  of  the  yard,  be  also  forced  to  relinquish  a  portion 
of  its  property,  and  all  the  advantages  of  the  establishment  as  a  com- 
plete depot  of  stores  and  equipments.  Even  if  it  be  retained  as  a 
navy  yard  after  the  proposed  bridge  be  constructed,  its  value  will  be 
largely  reduced.  No  vessel  can  pass  to  or  from  the  yard  without  deten- 
tion, and  possibly  serious  damage. 

In  time  of  war,  these  delays  and  damages  may  prejudice  operations  to 
an  extent  that  can  hardly  be  estimated,  but  which  must  be  very  great. 
And  if  at  a  critical  moment  a  secret  enemv  in  our  midst  should  blow  the 
draw  into  the  stream,  its  removal  would  delay  the  passage  of  every  man- 
of-war  for  weeks ;  such  a  delay  at  a  x>reconcerted  moment  might  jeop- 
ard the  loss  of  a  fleet  or  the  safety  of  a  city  from  bombardment. 

As  a  local  measure,  the  construction  of  the  bridge  will  have  the  effect 
to  enhance  the  value  of  property  in  East  Boston,  and  to  reduce  the  value 
of  i)roperty  in  Charlestown  and  Chelsea,  and  especially  the  wharf  prop- 
erty in  Boston  west  of  the  proposed  bridge.  The  generjil  effect  will 
therefore  be  simply  to  transfer  a  portion  of  the  money  value  of  prop- 
erty from  one  section  to  another ;  talking  from  the  proi)erty-holder8  in 
Boston  and  Charlestown  to  give  to  those  in  East  Boston. 

I  inclose  with  the  copy  of  the  act  to  incorporate  the  company  to  build 
the  proposed  bridge,  which  was  linally  passed  over  the  governor's  veto, 
a  copy  of  this  v  eto,  in  which  Governor  Bullock  gives  many  excellent  and 
strong  reasons  for  his  dissent  to  the  measure. 

The  Board  of  Harbor  Commissioners  are  also  decidedly  opposed  to  the 
construction  Of  this  bridge,  believing  it  to  be  injurious  to  the  navigation 
of  the  harbor  and  to  the  interests  of  commerce. 

it  is  a  singular  coincidence,  that  while  the  United  States  is  expending 
nearly  half  a  million  of  dollars  in  the  preserv^ation  and  improvement  of  the 
harbor,  and  in  removing  obstructions  from  its  channel,  the  State  should 
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COMMONWEALTH  OF  MASSACHUSETTS. 

In  the  Ykar  One  Thousand  Eight  HiiMDneu  and  SizTT-EiGEtT. 

AN  ACT  to  incorporate  the  Maverick  Bridge  Compui;. 

Bt  it  tuBctrJ  by  th»  ((Hate  and  hoast  qf  rtprtieatalistt  in  general  court  aim 
fty  Uu  aHthvnlf  of  the  lame,  aifatlouit  : 

Seci'IOK  I.  Gilbert  E.  Pierce,  Nehumiah  GibnoD.  Samuel  H*1l,  Nstb>Die 
Charlea  R.  McLean,  Jeremiah  H.  Pule,  Abraham  S.  Voan,  Ihetr  Maoriatfs  and  ■ 
are  hereby  made  a  corporatiou  by  Ihe  name  of  (be  Maverick  Brid^  CompaDy.  «i 
powers  and  privilege),  and  subject  to  all  the  duties,  liabilities,  and  reslrictions  u 
Ihe  sixty-eielith  chapter  of  the  General  Statutes. 

Sec.  U.  Tbe  said  corporation  is  hereby  empowered  and  authorized  lo  ereel 
aver  the  water  between  the  mainland  in  the  city  of  Boston,  and  East  Bwton,  i 
chate  or  otherwise  lake  and  hold  such  real  and  personal  estate  as  may  bo  propt 
Iinrpose,  except  that  Ihe  property  of  the  East  Buston  Ferry  Company,  and  that 
by  them,  shall  not  be  so  Inken,  utiless  the  said  city  shall  so  dliect ;  auil  shall  psmi 
ferry  company  to  run  their  boats  between  tbe  landings  formerly  ocrupied  by  ik 
Ferry  Company,  free  of  cbar;^  and  heepini;  the  same  in  repair;  and  in  that  caw 
Boston  Ferry  Compsny  are  herebr  authorized  to  run  their  ferry  between  saidiaudi 
ciipltal  Htock  of  ibis  company  shafi  not  exceed  fifteen  hnndred  thousand  dollars,  di 
shares  of  one  hundred  dollars  each. 

Sec.  3.  The  said  corporation  shall  be  holden  to  make  compensation  lo  any 
rarporation  wbofo  real  estate  shall  be  taken  for  tbe  uses  aforesaid  ;  and  if  there 
itifference  of  opinion  as  to  ibe  value  of  (ho  same,  (be  said  corporation  ibnll  pay  (bi 
damBKei  as  shall  he  cs(ima(ed  by  Ihe  board  of  aldermen  of  the  city  of  BusIod,  i 
party,  if  disantiafied  with  their  e«tiuiate.  may  apply  lo  Ibe  superior  court  neit  1< 
within  and  for  the  county  of  Suffolk,  af(or  said  estiiiiates  shall  have  been  known 
nod  thereupon  (he  same  proceedings  shall  be  bad  as  in  case  of  pstimating  and 
payment  of  damafres  for  laying  out  ways  in  said  city  of  Bost'in. 

Ukc.  4.  The  said  corporatiou  shall  construct  the  piors  of  said  bridge  of  sudi 
>ize.  shape,  direction,  and  position  respectiug  currents  and  channels,  and  ihe  si 
ivitb  H  draw  at  right  angles  with  the  channel  as  near  as  may  he,  and  with  such  set 
tion  ,  for  tbe  passage  of  vessels  through  the  same,  as  (be  mayor  and  aldermen  ol 
I'ity  of  Boston,  on  consultation  with  the  harbor  commissioners,  shall  direct  or 
but  Bnbslantlslly  in  conformity  lo  the  single-draw  plan  of  T.  Willis  Pratt,  or  suck 
inentB  as  may  be  made  (bercou  ;  and  in  all  otbi-r  respects  shall  en 

Eroval  of  said  mayor  and  aldermen  :  and  sliall  provide  and  main 
ual.  or  HUcb  other  aids  to  the  passage  of  vessels  Ibrough  the  dr 
other  purposes,  as  tbe  said  mayor  and  aldermen  shall  fruoi  lime  t( 
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nually  of  all  receipts  and  disbursenieDts  on  accqnnt  of  the  samef  and  of  keepinfi:  it  open 
aid  in  order  for  public  travel,  whioh  books  of  account  shall  be  at  all  times  open  to  the  in- 
spectiou  of  said  mayor  and  aldermen,  or  of  any  committee  thereof;  and  a  copy  of  said  ac- 
counts shall  be  made  annually  in  the  month  of  January,  and  under  oath  of  the  president  and 
treasurer  of  said  corporation,  to  the  board  of  aldermen  of  said  city  of  Boston,  to  and  in- 
cluding^ the  thirty-first  day  of  December  in  each  year,  and  a  duplicate  copy  of  the  same 
annually  filed  in  the  office  of  the  secretary  of  the  Commonwealth. 

Sec.  7.  Whenever  the  receipts  of  said  corporation  shall  have  reimbursed  to  said  corpora- 
tion the  moneys  expended  by  them  in  the  construction  of  said  bridge,  its  furnishings  and 
equipments,  and  in  keeping  the  same  in  good  repair  and  condition,  with  interest  ou  said 
expenditures  at  the  rate  of  eight  per  cent,  per  annum,  the  said  corporation  shall  thereupon 
immediately,  in  writing,  notify  the  said  board  of  aldermen  of  said  city  of  that  fact,  and  shall 
thereupon  offer  the  said  bridge,  Its  furnishing  and  equipments,  to  be  surrendered  to  the  said 
city  of  Boston,  to  be,  and  if  accepted  by  the  said  city  the  same  shall  be,  forever  thereafter 
maintained  as  a  free  bridge  by  the  said  city  at  the  public  expense. 

Sec.  8.  The  said  city  of  Boston  is  hereby  authorized,  if  they  shall  so  elect  and  determine 
by  a  major  vote  of  the  two  branches  of  the  city  council  in  concurrence,  to  assume  and  take 
the  franchise  granted  by  this  act,  with  all  the  rights  and  privileges  belonging  to  the  same, 
and  shall  thereupon  proceed  forthwith  to  construct  the  said  bridge  as  a  free  bridge,  at  its 
own  expense,  and  for  that  purpose  shall  have  authority  to  issue  from  time  to  time  coupon 
bonds,  notes,  scrip,  or  certificates  of  debt,  as  said  city  council  shall,  by  the  major  vote 
thereof,  fix  and  determine. 

Sec.  9.  The  said  city  of  Boston,  by  a  vote  of  the  city  council  as  aforesaid,  may  at  any 
time,  during  the  continuance  of  this  charter,  purchase  and  take  of  said  company  the  said 
bridge,  and  all  the  franchise,  rights,  privileges,  and  property  of  the  said  company,  by  paying 
or  offering  to  pay  them  therefor  such  sum  as  will  reimburse  them  the  amouut  of  moneys 
expended  by  them  in  and  upon  said  bridge,  its  furnishings,  equipments,  and  repair  as  afore- 
said, with  eight  per  cent  interest  thereon,  and  less  the  net  profits  of  said  corporation  from 
tolls,  as  aforesaia,  and  for  that  purpose  shall  have  authority  to  issue  from  time  to  time 
bonds,  Dotes,  scrip,  or  certificates  of  debt,  as  I  ereinbefore  provided ;  and  upon  such  pay- 
ment or  offer  of  payment,  the  said  corporation  shall  furthwith,  by  proper  instruments  of  title, 
surrender  and  convey  to  the  said  city  the  said  bridge,  with  all  the  franchise,  rights,  privi- 
leges and  property  to  the  same  appertaining,  and  the  said  bridge  shall  thereafter  be  main- 
tained and  kept  by  said  city  as  a  free  bridge,  at  the  public  expense,  as  aforesaid. 

Sec.  jo.  The  said  city  of  Boston,  by  a  vote  of  the  city  council  as  aforesaid,  may  assume 
and  take,  or  purchase  of  said  company,  the  said  bridge  and  other  property  as  hereinbefore 
provided,  and  have  and  exercise  all  the  rights,  powers,  and  authority  given  to  said  com- 
pany by  this  act,  and  subject  to  all  the  duties,  liabilities,  and  restrictions  herein  contained, 
in  such  a  manner  and  by  such  agents,  officers,  and  servants  as  the  said  city  council  shall 
from  time  to  time  ordain,  appoint,  and  direct;  and  shall  have  a  right  to  collect  and  receive 
the  same  rates  of  toll  as  are  allowed  by  the  fourth  section  of  this  act  to  said  company  ;  pro- 
vided, that  whenever  from  the  tolls  collected  on  said  bridge,  or  from  other  sources,  the  said 
city  shall  have  been  fully  reimbursed  all  outlays  and  expenditures  on  account  of  said  bridge, 
and  the  operation  of  the  same,  then  the  tolls  on  said  bridge  shall  cease,  and  the  said  bridge 
shall  ever  after  be  maintained  by  said  city  as  a  free  bridge. 

Sec.  IJ.  If  said  corporation  or  said  city,  as  the  case  may  be,  shall  neglect  for  the  space 
of  five  years  to  build  and  finish  the  said  bridge,  then  this  act  shall  be  void. 

Sec.  12.  Whenever  two  hundred  thousand  dollars  of  said  capital  stock  have  been  actually 
paid  in  in  cash,  the  said  corporation  may  issue  its  bonds  for  an  amount  not  exceeding  8  per 
cent,  per  annum,  and  not  exceeding  50  years  to  their  mnturity,  and  secure  the  same  by  a 
mortgage  of  the  said  bridge,  furnishings,  and  equipments,  and  of  the  franchise  and  privileges 
thereto  appertaining. 

Sec.  13.  When  the  said  bridge  company  shall  have  built  the  said  bridge,  they  shall  offer, 
in  writing,  to  purchase  of  the  East  Boston  Ferry  Company  the  boats,  with  their  appurte- 
nances, then  in  use  by  them  for  ferry  purposes ;  and  in  case  the  two  parties  fail  to  agree  upon 
the  terms  of  said  purchase,  the  supreme  judicial  court,  in  term  time  or  vacation,  shall,  on 
the  application  of  either  party,  appoint  three  commissioners  to  appraise  the  same  at  their  fair 
valuation  for  ferry  purposes,  and  shall  fix  the  terms  of  purchase  thereof;  and  if  the  same 
shall  be  accepted  by  said  ferry  company,  they  shall  thereupon  cease  to  run  and  maintain  a 
ferry  between  said  Boston  and  East  Boston,  and  the  same  shall  thereafter  be  run  by  said 
bridge  company,  with  all  the  rights  and  privileges  now  had  and  enjoyed  by  the  said  East 
Boston  Ferry  Company ;  but  if  the  said  ferry  company  shall  refuse  to  sell  as  aforesaid,  the 
said  bridge  company  shall  be  held  to  no  further  obligations  hereunder.  And  if  said  bridge 
company  shall  fail  to  pay  to  said  East  Boston  Ferry  Company  the  amount  awarded  by  said 
commissioners  within  90  days  after  their  award  shall  have  been  accepted  by  the  said  court, 
then  this  act  shall  be  void. 

Sec.  14.  This  act  shall  take  effect  upon  its  passage. 

Senate,  May  29,  1868. 
Passed  to  be  engrossed.    Sent  down  for  concurrence. 
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[Senate— No.  338.T 

COMMONWEALTH  OF  MASSACHUSETTS. 

Executive  Departmrxt, 

Boston,  June  11,  1868. 

To  the  honorable  Senate: 

I  herewith  return  to  the  senate,  in  which  it  originated,  a  hill  entitled  **  An  act  to  incorpo- 
rate the  Maverick  Bridge  Company/'  which  I  am  unable  to  approve.  The  late  period  of  tbe 
seRsion  at  which  this  very  important  measure  has  been  enacted,  at  a  time,  too,  when  nnme- 
rous  other  enactments  of  great  importance  are  presented  to  the  executive  for  revision,  the 
consideration  of  which  requires  time  for  proper  investigation,  prevents  me  from  making  to 
your  honorable  body  so  full  a  statement  of  the  reasons  which  compel  mj  dissent  from  thi» 
bill  as  would  otherwise  have  been  possible.  Passing  by,  therefore,  various  minor  objectioii« 
to  details  of  the  bill,  which,  under  other  circumstances,  I  should  suggest  to  your  attention, 
the  main  reasons  which  compel  my  dissent  are  briefly  these : 

First.  I  am  not  satisfied  that  the  proposed  structure  will  not  lessen  the  depth  of  wat«r  in 
the  ship  channels  of  the  harbor  by  shifting  the  plac&s  of  deposit  of  the  material  whidiis 
brought  down  by  the  tidal  and  river  currents,  and  without  being  so  satisfied,  I  can  under  no 
possible  circumstances  approve  of  its  erection. 

I  am  advised  by  Professor  Benjamin  Peirce,  the  director  of  the  United  States  coast  sunrev, 
(whose  capacity  to  pass  an  iutelligeut  judgment  on  the  question  is  indisputable,  and  who,  as 
a  citizen  of  Massachusetts,  long  residing  in  the  immediate  vicinity  of  Boston,  can  have  nooe 
but  true  interest  of  the  commercial  capital  at  heart,)  that  such,  in  his  opinion,  will  be  tht 
result.  And  I  am  further  advised  that  such,  also,  is  the  opinion  of  other  eminent  scientifir 
authorities.  I  have  no  need  to  enlarge  on  the  detriment  which  the  structure  will  produce  to 
the  welfare  and  importance,  not  only  of  Boston  and  Massachusetts,  but  of  all  New  Englaod, 
if  it  shall  be  erected  and  be  found  to  cause  such  an  effect  The  local  benefits  which  it 
would  confer  would  be  but  slight  compensation  for  the  misfortune  of  shoaling  by  ever  ao  few 
inches  our  harbor  channels. 

Second.  I  am  advised  by  large  deputations  of  eminent  merchants  of  Boston  and  its  vicinitj 
that  the  proposed  structure  will  injure  the  maritime  commerce  of  the  capital  in  various  wap, 
among  which  are  the  following : 

(I.)  By  lessening  the  anchorage  ground  in  the  harbor,  which  is  already  very  limited. 

(2.)  By  diminishing  the  area  of  wharfage  at  and  near  both  termini  of  the  bridge.  And  I 
desire  to  call  your  attention  to  the  fact  that  the  bill  does  not  designate  the  points  of  termins- 
tion  of  the  bridge  on  either  side  of  the  harbor,  but  leaves  to  the  option  of  the  corporators  the 
selection  of  them  anywhere  along  a  line  of  several  hundred  yards  on  each  shore. 

(3.)  By  diverting  foreign  commerce  to  other  localities,  perhaps  to  other  ports,  as  the 
wharves  now  principally  devoted  to  that  branch  of  our  trade,  which  iscafiied  on  in  vessels  of 
the  greatest  draught,  are  situated  above  any  line  on  which  it  is  probable  that  the  bndge  would 
be  built. 

(4.)  By  the  diminution  of  all  the  various  and  extensive  trade  along  the  shores  of  Bostoa. 
Charlestown,  Chelsea,  and  Cambridge,  which  lie  above  the  bridge,  certain  to  result  from  inter- 
posing such  an  obstacle,  which,  according  to  this  bill,  is  not  to  be  raised  to  a  height  soffi- 
cient  to  permit  the  free  passage  of  any  class  of  vessels,  but  is  to  be  traversed  by  them  oalj 
by  means  of  a  draw.  • 

Third.  I  am  informed  by  the  commandant  of  the  navy  yard  atCharlestwon  that  certainly 
the  interests,  and,  in  his  opinion,  the  rights  of  the  United  States  in  that  establishment  will 
be  infringed  by  such  a  structure. 

Fourth.  The  harbor  commissioners  of  the  Commonwealth,  and  the  distinguished  militarj 
and  civil  engineers  who  are  engaged  on  the  public  works  in  the  harbor,  are  unanimous  in 
condemning  the  project  as  mjurious  on  the  foregoing  and  on  other  grounds,  and  to  their  judg- 
ment, in  a  matter  so  directly  within  the  province  of  their  investigation,  I  am  constrained  to 
render  great  deference,  since  I  cannot  regard  it  other  than  intelligent  and  impartial. 

It  is  said  that  there  are  grave  constitutional  objections  also  to  the  assumption  of  power  hy 
the  legislature  of  a  State  to  authorize  such  an  erection  over  navigable  waters.  But  in  the 
light  of  the  decision  of  our  supreme  judicial  court,  in  the  case  of  the  Commonwealth  vs.  The 
Proprietors  of  the  New  Bedford  Bridge,  2  Gray's  Reports,  pp  346,  347,  I  do  not  doubt  our 
right  and  power  over  the  subject,  provided  our  enactments  do  not  interfere  with  the  r^ili- 
tiuns  of  Congress;  and  neither  can  I  doubt  the  right  and  power  of  Congress  to  interpose  at 
its  discretion,  and  overrule  the  legislation  of  the  State.  Nor  have  I  doubt  that  if  this  bill 
shall,  by  your  action,  become  a  law,  the  interposition  of  Congress  will  be  sought ;  and  even 
if  the  structure  were  otherwise  unobjectionable,  I  respectfully  suggest  w  hether,  as  the  inter- 
ests and  rights  of  the  federal  government,  not  only  as  the  guardian  and  regulator  of  com- 
merce, but  as  itself  the  actual  owner  of  an  immense  property  at  Charlestown  and  Chelsea 
and  Watertown,  are  directly  affected  by  the  question,  it  would  not  be  a  suitable  course  to 
/  seek  first  the  opimon  of  Congte&s^  as  a  guide  to  the  legislation  of  the  Commonwealth. 
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Sngerestions  have  been  made  from  reMpectable  and  intelligent  sources  that  this  measure  has 
been  precipitatedf  and  that  the  exdbutive  sanction  should  be  withheld  from  the  bill,  in  order 
to  make  delay:  because  the  merchants  of  Boston  have  not  believed  that  it  was  a  serious  pro- 
ject, and  therefore  have  neglected  to  remonstrate  with  the  legislature  concerning  it,  as  thej 
otherwise  might  have  done,  and  as  it  is  represented  they  will  do  in  the  future.  I  hardly 
need  to  remark  that  to  such  suggestions  I  give  no  consideration,  and  that  they  denerve  none  : 
in  the  first  place,  as  conveying  an  unjustihable  imputation  on  your  honorable  body,  and  in 
the  next  place,  because  no  class  in  the  community  has  any  right  to  appeal  to  the  executive 
for  protection  against  its  own  negligence.     I  rest  no  objections  to  the  bill  on  such  grounds. 

But  in  reference  to  a  matter  of  such  vast  importance,  which  affects  directly  or  indirectly 
the  value  of  at  least  a  hundred  million  dollars*  worth  of  property  along  the  shores  of  Boston 
and  neigboring  cities,  enhancing  it  in  some  quarters,  diminishing  it  in  others,  which  brings 
U8  into  positive  conflict  with  the  Navy  Department  of  the  United  States,  and  into  possible 
conflict  with  Congress,  which  is  disapproved  by  the  harbor  commissioners  and  the  engineers 
employed  in  the  harbor  of  Boston ;  wnich  is  condemned  by  certainly  a  large  part  of  the  mer- 
cantile community  as,  on  the  whole,  more  injurious  than  beneficiar,  apart  from  any  conside- 
ration of  its  eflect  on  the  depth  of  water  in  the  channel ;  and  which,  more  than  all,  in  the 
judgment  of  competent  scientific  authorities,  will  result  in  shoaling  the  whole  haibor;  I  am 
unable  to  give  my  approval,  without  further  discussion  and  further  information  to  enlighten 
my  judgment  than  is  now  possible  without  delay. 

1  fully  appreciate  the  local  benefits  which  are  expected  to  result  from  it  to  East  Boston.  I 
wish,  for  the  prosperity  of  that  locality,  that  it  were  possible  to  attain  those  benefits  in  some 
other  way  than  at  the  risk  of  great  injury  to  a  community  embracing  more  than  the  whole 
of  this  Commonwealth,  and  of  which  the  people  of  East  Boston  are  but  a  small  fraction. 
But  as,  after  such  investigation  as  I  have  been  able  to  make,  such  injury  seems  to  be  a 
probable  result  of  the  measure,  I  cannot  give  it  my  assent. 

If,  upon  reconsideration,  the  general  court  shall  be  led  to  give  such  weight  to  these  opinions 
as  to  concur  in  a  postponement  of  the  enterprise,  I  trust  I  may  not  be  considered  to  exceed 
the  limits  of  executive  revisal  in  respectfully  suggesting  that  the  bill  be  referred  to  the  next 
legislature,  and  that  a  commission  be  specially  appointed,  or  the  duty  imposed  on  some 
existing  commission,  to  investigate  meanwhile,  and  report  next  January,  upon  all  the  grounds 
on  which  the  project  is  now  either  opposed  or  advocated.  Possibly,  also.  Congress  at  its 
present  session  might  think  advisable  to  appoint  a  commission  in  behalf  of  the  United 
States,  to  act  in  concurence  with  our  own.  And  if,  in  the  light  of  the  report  of  such  a  joint 
commission,  the  objections  which  it  has  been  my  dutj^o  set  forth  shall  be  shown  to  be 
groundless,  the  measure  can  then  be  carried  into  etfect  with  confidence  in  its  beneficial 
results. 

ALEXANDER  H.  BULLOCK. 


AN  ACT  authorizing  the  United  States  to  purchase  a  certain  tract  of  land  in  Charlestown,  tor 

a  navy  yard. 

Section  I.  Be  U  enacted  by  the  senate  and  house  of  representatives  in  general  court  assem- 
bled^ and  by  the  authority  of  i/ie  samey  That  the  consent  of  this  Commonwoalth  be,  and  hereby 
ia,  granted  to  the  United  States,  to  purchase  a  tract  of  land  situated  in  the  northeasterly  part 
of  the  town  of  Charlestown,  in  the  county  of  Middlesex,  adjoining  and  bounded  on  two  sides 
by  Charles  and  Mystick  rivers,  not  exceeding  o5  acres,  exclusive  of  flats,  for  the  purpose  of 
a  navy  or  dock-yard,  or  both  of  them,  and  erecting  magazines,  arsenals,  and  other  needful 
buildings.  The  evidence  of  the  purchasers  aforesaid  to  be  entered  and  recorded  in  the  reg- 
istry of  deeds  in  the  said  county  of  Middlesex.  Provided,  alionys,  (and  the  consent  afore- 
said is  granted  upon  the  express  condition, )  That  this  CommanvveaUh  shall  retain  a  concurrent 
jurisdiction  with  the  United  States  in  and  over  the  tract  of  land  aforesaid,  so  far  as  that  all 
civil  and  such  criminal  processes  as  may  issue  under  the  authority  of  this  Commonwealth 
against  any  person  or  persons  charged  with  crimes  committed  without  the  said  tract  of  land, 
may  be  executed  therein  in  the  same  way  and  manner  as  though  this  consent  had  not  been 
granted. 

Sec.  2.  And  be  it  further  enact'id.  That  if  the  asrent  or  agents  employed  for  the  United 
States,  and  the  owner  or  owners  of  said  tract  of  land  so  to  be  purchased,  cannot  agree  in  the 
sale  and  purchase  thereof,  such  agent  or  agents  may  apply  to  any  court  of  general  sessions 
of  the  peace  which  shall  be  holden  within  and  for  the  aforesaid  county  of  Middlesex,  which 
court,  after  due  notice  given  to  thesaid  owner  or  owners,  are  hereby  empowered  and  directed 
to  hear  and  finally  determine  the  value  of  the  same  tract  of  land,  or  any  part  or  portion  thereof, 
by  a  jury  under  oath,  to  be  summoned  by  a  sheriff  or  his  deputy  for  that  purpose,  or  by  a 
committee  of  three  persons,  if  the  parties  aforesaid  can  agree  upon  them  ;  and  the  value 
thereof  being  thus  ascertained  by  the  verdict  of  such  jury,  or  the  report  of  such  committee, 
who  are  also  to  be  under  oath  faithfully  and  impartially  to  value  said  tract  of  land,  or  any 
part  or  portion  of  the  same,  and  such  verdict  or  report  being  accepted  and  rec  )rded  by  said 
court,  and  the  amount  thereof  being  paid  or  tendered  to  the  owner  or  ownetfi  of  ««Aid.  \.w^\  ^l 
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land,  or  to  the  owner  or  owners  of  any  part  of  said  tract  of  land  that  shall  have  heen  ihju 
valued,  with  bis  or  her  reasonable  costs,  the  said  tract  of  land  or  such  parts  of  the  same  at 
shall  be  thns  valued  shall  forever  be  vested   in  the  United  States,  and  shall  and  may  be  by 
them  taken,  possessed,  and  appropriated  to  the  purchase  aforesaid. 
This  act  passed  June  17,  1800. 


APPENDIX  R  S. 

Headquarters  Corps  of  Engineers, 

Washington,  D.  C,  April  6,  1868. 

General  :  My  attention  has  been  attracted  to  a  report  of  Assistant 
Whiting,  United  States  Coast  Survey,  upon  an  examination  made  by 
him  of  tlie  harbor  of  Proviucetown  for  certain  State  commissioners  for 
Cape  Cod,  Massachusetts. 

The  statements  of  this  report  have  an  important  bearing  upon  three 
points  relating  to  the  preservation  of  the  harbor  : 

1.  As  to  the  protection  on  the  seaward  side  of  East  Harbor.  It  is 
stated  that  a  comparison  of  the  survey  of  Major  Graham  iu  1835,  with 
that  of  the  Coast  Survey  in  1857  and  1867,  shows  that  the  beach  or 
dividing  ridge  has  been  worn  away  at  one  point  by  the  waves  and 
currents  from  a  width  at  high- water  level  of  about  300  feet  in  1835  to 
less  than  100  feet. 

If  this  statement  is  really  established  by  careful  measurements,  then, 
in  addition  to  the  planting  of  gra^^s  and  catch-sands  on  the  beach,  a 
dike  should  be  constructed  across  East  Hai-bor  at  the  narrow  point  near 
High  Head,  indicated  by  yourself  and  Colonel  Blunt  in  1866.  You  will 
please  make  such  measurements  as  may  be  necessary  to  determine  the 
question  and  report  the  result. 
I  2.  The  second  point  is  that  a  large  deposit  has  been  made  in  the 

I  harbor  of  Proviucetown  by  the  ebb  tide  from  Ea«t  Harbor,  extending 

^  from  the  6-foot  curve  to  the  30-foot  curve. 

This  question  cannot  be  determined  positively,  except  by  measuring 
the  direction  and  force  of  the  currents  at  the  surface  and  at  the  bottom 
through  the  flood  and  ebb  tide,  from  the  mouth  of  East  Harbor  at  the 
j  bridge  out  to  the  30-foot  curve,   where  the  deposit  is  said   to  end. 

Further,  the  effect  of  closing  the  mouth  of  East  Harbor  upon  the  flood 
current  (which  I  suppose  now  sets  into  it  from  the  southeast,  and 
which,  when  the  mouth  is  closed,  may  flow  across  the  shoal  lying  west 
of  the  mouth  of  East  Hai*bor  and  carry  the  material  of  that  shoal  south- 
westwardly  into  the  best  part  of  the  harbor  of  Princetown)  should  be 
ascertained  by  measuring  the  direction  and  force  of  the  currents  during 
flood  and  ebb,  at  surface  and  at  bottom,  from  the  shore  line  to  30  feet 
depth  on  a  line  perpendicular  to  the  shore  about  Moon  Pond  meadow; 
and  similar  current  measurements  from  the  shore  line  out  to  30  feet 
depth,  just  west  of  the  mouth  of  East  Harbor.  Similar  measurements 
may  be  found  desirable  on  another  line  further  west. 

3.  The  third  point  is  the  yearly  extension  of  Long  Point  into  the  deep 
water.  This  is  stated,  from  a  comparison  of  the  surveys  already  men- 
tioned, at  about  eight  feet  per  year. 

It  appears  to  me  important  to  ascertain  whether  this  extension  is  due 
chiefly  to  the  current  or  to  the  wave^.  To  determine  this,  the  direction 
and  force  of  the  currents  at  surface  and  bottom  during  flood  and  ebb 
should  be  ascertained  from  the  shore  near  Lobster  Plain  out  to  deep 
water,  (say  100  feet  depth ;)  and  at  the  light-house  out  to  about  100 
feet  depth,  the  aame  on  a  Uwe  \u  the  direction  of  Long  Point,  the  same 
out-to  deep  water  Vxi^\0Le\\i^\i«k3:\iot.    K\A>(K\^V^x\.^^^\k<^\s.\ke  direction 
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and  force  of  the  currents  at  surface  and  bottom  during  flood  and  ebb 
should  be  ascertained  from  the  extremity  of  Long  Point  completely 
across  the  harbor  on  a  line  in  the  general  direction  of  Long  Point,  and 
in  such  other  lines  as  may  l>e  found  necessary. 

The  action  of  the  water  through  flood  and  ebb,  inside  and  outside  the 
harbor,  around  Long  Point,  shoidd  be  carefully  observed.  It  appears 
to  me  we  should  find,  during  portions  of  the  flood  and  ebb,  eddies  inside 
and  outside  the  point. 

I  would  suggest,  as  the  best  means  for  measuring  sub-currents,  a  sub- 
float  with  a  large  surface,  and  a  surface-float  with  a  very  small  extent 
of  surface,  the  two  being  connected  by  a  very  fine  wire,  or  horse  hair, 
thread,  &c. 

Tin  cylinders  for  sub-floats,  open  at  top  and  bottom,  have  been  found 
to  answer  well.  Hollow  India-rubber  balls,  weighted,  may  be  found  to 
answer.  To  determine  preliminarily  the  fact  of  the  existence  and 
general  direction  of  the  sub-currents,  a  sub-float  susi>ended  by  a  wire 
held  in  the  hand  ha«  been  found  a  ready  meahs. 

Tidal  observations  should,  of  course,  accompany  the  current  observa- 
tions. 

if  desired,  the  actual  diflference  of  level  of  high  water  in  the  sea 
outside  and  the  surface  of  the  water  at  the  head  of  East  Harbor  at  the 
same  moment  of  time  may  be  det<3nnined. 

A  printed  map  of  Provincetown  harbor  has  been  maiked  with  lines 
indicating  where  it  is  suggested  current  observations  should  be  made. 

It  is  suggested  that  Brevet  Major  Burroughs,  now  under  your  orders, 
should  be  employed  by  you  to  make  these  observations.  They  should 
commence  immediately,  and  be  completed  at  the  earliest  day  practicable, 
and  report  made  of  results,  with  your  views  and  recommendations. 
The  expense  will  be  borne  by  the  appropriation  for  the  preservation  of 
Provincetown  harbor  until  appropriation  is  made  for  surveys  on  the 
Atlantic  coast. 

Very  respectfully,  your  obedient  servant, 

A.  A.  HUMPHREYS, 
Brigadier  Oeiieral  ofEngineerHy  Commanding. 

Brevet  Major  General  H.  W.  Benham, 

Colonel  of  Engineers^  Boston^  Massachusetts. 


RSI. 

Boston,  Mass.,  August  26, 1868. 

General  :  I  have  the  honor  to  report  as  follows  in  relation  to  the  work 
executed  for  the  protection  of  Provincetown  harbor  during  the  year 
ending  June  30, 1868,  or  rather  until  June  18,  when  the  work  was,  by 
your  orders,  transferred  to  the  charge  of  Brevet  Major  General  Foster. 

I  would  state  that  the  work  which  had  been  executed  at  Beach  Point 
under  my  direction  during  the  year  1866  had  received  much  injury  dur- 
ing the  violent  storms  of  the  winter  of  1866  and  1867,  although  it  had 
afforded  a  very  considerable  protection  to  that  peninsula;  yet  some  two- 
thirds  of  this  bulkhead  had  remained  in  an  essentially  good  condition, 
collecting  and  securing  the  sand  in  front  of  it,  especially  near  the  south- 
east extremity;  and  at  Long  Point,  while  the  bulkhead  constructed  in 
1866  to  protect  the  shore  opposite  the  larger  or  5-gun  battery,  about  one 
third  of  a  mile  from  Long  Point  light,  was  in  excellent  condition,  having^ 
with  its  jetties,  stood  secure,  and  largely  accumulated  the  sand  in  frout^. 
the  old  or  first  bulkhead  near  the  light-house,  erected  val^^^^^^^^xDiQ!^ 
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entirely  de8bx)yed  during  the  storms  of  the  winter.  I  therefore,  in 
July,  1867,  as  the  appropriation  bill  required,  advertised  for  pro- 
posals to  rebuild  the  last-named  work,  and  to  place  a  riprap  pro- 
tection of  stone  in  front  of  it,  as  also  to  repair  and  extend  to  the  north- 
west, towards  the  inlet,  the  bulkhead  which  had  been  constructed  at 
Beach  Point  in  the  year  previous;  and  contracts  were  duly  made  for  the 
execution  of  this  work  at  reasonable  prices. 

These  bulkheads  were  to  be  virtually  fences  of  2-inch  plank,  6  to  7 
feet  high,  with  posts  every  4  or  5  feet,  set  one-half  of  their  length  in  the 
sand,  each  post  being  held  to  the  rear  by  two  braces  of  10  and  15  feet 
dovetailed  on,  and  held  by  i)ickets  to  cross-ties,  which  braces  were  cov- 
ered well  with  sand  planted  with  beach  grass,  while  in  front  wa«  a  system 
of  brace  jetties,  or  '*  catch-sands,"  every  20  or  25  feet,  extending  out  some 
25  to  30  feet,  while  about  everv  fourth  jetty  had  a  length  of  some  50  to  60 
feet. 

These  jetties  were  constructed  of  posts  well  set  in  the  sand,  and  planked 
on  both  sides  and  on  top.  This  plan  was  pursued  with  the  bulkheads  at 
both  places,  and  this  timber  work  was  completed  very  satisfactorily  last 
autumn.  At  Long  Point  the  new  bulkhead  was  built  at  a  length  of  775 
feet  with  24  jetties,  and  about  500  tons  of  large  rough  stone  placed  there, 
and  though  only  a  portion  of  this  large  rough  stone,  about  one-fourth, 
was  delivered  for  the  riprap  protection  to  the  bulkhead  at  Long  Point,  as 
was  alleged  on  account  of  the  great  scarcity  of  vessels,  yet  the  i)ortion 
delivered  ha«  done  excellent  service  in  securing  the  bulkhead  and  in  aid- 
ing in  the  accumulation  of  the  sand  there.  While  at  the  bulkhead 
above,  or  at  the  larger  battery,  I  found,  at  my  inspection  in  June  of  this 
year,  that  the  half-tide  line  had  been  carried  out  over  200  feet  in  front 
of  the  bulkhead  within  the  less  than  two  years  that  it  had  been  cou- 
sti'ucted,  and  the  bank  at  high  tide  here  had  largely  increased  in  front 
of  this  work,  especially  near  the  extremities,  while  the  large  jetties  were 
all  well  filled  with  sand. 

At  Beach  Point  the  extension  of  the  old  bulkhead  was  for  775  feet 
with  23  jetties,  while  the  old  portion  of  the  work  was  repaired  where 
needed;  seven  new  jetties  were  built  and  old  ones  repaired  for  an  extent 
of  about  750  feet;  and  here  I  found  at  the  same  time  a  most  favorable 
condition  of  things  also,  the  sand  having  formed  out  in  front  of  this  work 
for  400  feet  in  length  at  the  southeast  part,  even  to  the  extent  of  150 
feet  at  the  actual  extremity,  while  all  the  jetties  along  the  whole  length 
were  well  filled  with  sand,  sustaining  the  main  bulkhead  and  supportr 
iug  the  roadway  works  of  the  town's  people  in  rear;  the  superintend- 
ent of  which  road  work,  happening  to  meet  me  there,*  expressed  the 
strongest  satisfaction  and  confidence  in  the  work  and  it«  plan.    As  1 
found,  however,  at  my  last  visit,  that  the  sand  was  wearing  away  by  some 
of  the  recent  winds  from  the  northwest  end  of  this  work,  although  not 
the  slightest  injury  had  occurred  to  the  bulkhead  or  its  jetties,  I  then 
judged,  as  I  have  since  stated  to  General  Foster,  that  an  extension  of 
about  200  yards  to  the  northwest  or  towards  the  inlet  should  be  added 
.  at  once  to  this  bulkhead,  with  an  arrangement  if  possible  for  the  delivery 
of  about  15  or  18  cubic  feet  of  rough  stone  per  running  foot,  as  a  riprap, 
to  extend  at  about  the  ends  of  the  jetties,  or  just  within  them,  along  the 
whole  length  of  the  old  and  new  work.    I  believe  that  a  protection  of 
this  kind  would  suffice  for  the  security  of  this  beach,  and  perhaps  render 
unnecessary  the  very  expensive  framed  timl)er  cob-work  loaded  with 
stone,  which  perhaps  is  the  only  construction  that  could  be  relied  upon 
as  probably  sure  to  resist  the  waves  in  this  position.    The  work,  there- 
fore, which  had  \>eeiv  dow^  OlvsltIw^  the  year  is  as  follows :  At  Beach  Point 
the  repairs,  witti  eeveTtaXwe,^  '^eXXAR»QX.«XysvAin.^\^x\^vu^f^       the  bulk- 
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head  of  1866,  and  its  extension  of  about  755  running  feet  to  the  northwest, 
with  23  new  jetties;  and  at  Long  Point  the  old  bulkhead  near  the  light 
has  been  rebuilt  for  775  ninuing  feet,  with  24  new  jetties,  in  front  of  which 
has  been  placed  about  500  tons  of  large,  rough  stone  for  a  riprap  break- 
water. 

An  abstract  of  proposals  and  contracts  is  respectfully  submitted,  as 
also  a  statement  of  the  fund  received,  expended,  &c.,  also  letter  of  the 
collector  of  the  district,  F.  Swift,  giving  information  in  relation  to  articles 
Nos.  6  and  7  of  the  circular  of  June  10,  1868. 

Statement  of  fuiids  available^  expended^  i&c.^for  the  fiscal  year  ending  June 
30, 1868,  on  account  of  the  preservation  of  Provincetown  harbor. 

In  the  United  States  treasury  Jidy  1, 1867 $40, 068  44 

In  hands  of  the  United  States  assistant  treasurer  at  Boston 

and  New  York  at  same  time 3, 000  00 

Derived  from  appropriation  for  the  work  on  the  seaboard.  225  24 

Total  available  for  the  fiscal  year  ending  June  30, 1868      43,293  68 

Expended  during  the  year $6, 542  42 

Transferred  to  General  J.  G.  Foster 6, 682  82 

Undrawn  from  the  United  States  treasury 30, 068  44 

Agreeing  with  total  available  for  the  year 43, 293  68 


I  am,  sir,  very  respectfullv,  your  most  obedient  servant, 

H.  W.  BENHAM, 
Colanel  of  Engineers^  Brevet  Major  Oen.  U.  8.  A. 

Major  General  A.  A.  Humphreys, 

Corps  of  Engineers, 

Note. — ^The  sum  of  $3,482  71,  not  included  in  the  above  statement, 
belonging  to  the  appropriation  for  works  on  the  seaboard,  and  which 
was  applicable  to  preservation  of  Provincetown  harbor  when  received, 
still  remains  in  my  hands  in  the  office  of  the  United  States  assistant 
treasurer  at  Boston. 

Abstract  of  proposals  for  work  for  preservation  of  Provincetown  luirbor 

during  the  year  ending  June  30,  1868. 


For  building  of  bulkhead,  &c.,  as  per  advertisement  of  Aagnst 
12,  1867 : 

Lumber  built  into  bulkhead  and  jetty,  as  per  M  feet 

Spikes,  per  100 

Filling  in  rear,  per  cubic  yard '.. 

Setting  out  beach  grass,  per  100  square  feet 

Setting  out  beach  gniSH,  per  day 

One  horse  team  and  driver,  per  day 

Rough  stone,  if  landed  on  beach  from  vessel,  per  ton.. 

Kough  stone,  if  placed  on  rafts,  per  ton 


Names. 


J.H.Blais- 

Chas.  Emi- 

dell  &  Co. 

son. 

$28  00 

$40  00 

7  00 

6  00 

25 

25 

10 

1  00 

2  25 

4  00 

3  75 

600 

2  50 

3  00 

2  75 

\ 
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H.  W.  BENHAM, 
Brevet  Major  Oe 


Custom-house,  Barnstable, 

Collector's  OfficCy  August  23, 

Sm:  In  reply  to  your  letter  of  August  19 1  beg  leave  to  state:  1 
revenue  collected  at  the  port  of  Provincetown  for  the  year  endii 
30, 1868,  was  $4,378  53;  2d.  It  is  difficult  to  estimate  the  amount 
merce  and  navigation  that  would  be  benefited  by  the  harbor  ii 
ments  now  being  carried  on  there,  as  but  a  small  proportion  of  the 
which  enter  the  harbor  belong  there.  The  Provincetown  vessels 
210,  with  an  aggregate  tonnage  of  10,105.56 ;  but  I  have  seen  c 
vessels  in  the  harbor  at  one  time,  and  the  v^essels  which  use  it  a 
bor  of  refuge  and  which  would  be  imi)erilled  by  its  destruction 
numbered  by  tens  of  thousands.  They  sometimes  stop  in  port  bi 
hours,  and  few  of  them  regularly  enter  and  clear. 
Very  respectftilly,  your  obedient  servant, 

F.  SWIFT,  Col 


RS2. 

Boston,  Mass.,  June  30, 

General:  I  have  the  honor  to  report  that  on  Wednesday 
week  I  proceeded  to  Provincetown  with  Major  Burroughs,  and 
that  and  the  two  following  days  made  a  thorough  examinatioi 
points  exposed  to  injury  from  the  waves  and  currents. 

I  found  at  Long  Point  that  the  shore  needed  at  present  no 
protection  than  what  will  be  afiforded  by  the  completion  of  the  a 
of  stone  ballast,  extendius:  to  the  westward  from  the  base  of  tl 
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Upon  the  outer  beach,  at  the  points  marked  A  B  and  G  upon  Colonel 
Graham's  sketch  accompanying  his  report  of  November  28, 1865, 1  found 
that  the  encroachments  of  the  sea  had  been  sufficient  to  aflford  reason- 
able grounds  for  the  apprehension  that  exists  in  some  minds  that  it  will 
break  thix)ugh  at  one  of  those  points.  I  therefore  decided,  in  order  to 
allay  this  apprehension,  and  to  guard  against  the  possibility  of  this 
danger,  to  construct  at  once,  as  authorized  by  your  letter  of  April  8, 
1868,  to  General  Benham,  a  secure  dike  across  the  salt  meadows,  at  what 
is  called  the  "  wading  place,''  situated  at  the  narrowest  part,  ox)po8ite 
High  Head.  The  plans  are  now  being  made  for  both  works,  and  adver- 
tisements for  proposals  will  at  once  appear. 

To-morrow  Major  Burroughs  will  proceed  again  to  Provincetown  to 
commence  the  current  observations  directed  by  your  letters  to  General 
Benham,  of  the  6th  of  April  and  the  20th  of  April,  1868. 

Messrs.  Paul  Hill  and  James  Giffbrd,  State  commissioners,  were  pres- 
ent, and  accompanied  me  to  several  of  the  exposed  localities.  They 
expressed  gratification  at  the  contemplated  protection,  and  a  desire  that 
the  operations  under  the  State  and  United  States  appropriations  might 
be  conducted  in  harmonj\ 

On  the  28th  instant.  General  Benham  turned  over  to  me  the  balance 

of  the  appropriation  for  *'  Preservation  of  Provincetown  Harbor"  in 

his  hands,  $5,682  82  in  amount,  and  a  war  warrant  for  $3,000  on  i^ccount 

of  appropriation  for  "  Examinations  and  Surveys  of  the  Atlantic  Coast."' 

I  remain,  general,  very  respectfully,  your  obedient  servant, 

J.G.4j^TEli, 
Brevet  Major  General  U.  8,  A.,  Lieutenant  Cohnet  Engineers. 

Brevet  Major  Gen'l  A.  A-  Humphreys, 

Chief  of  Engineers^  Headquarters  Corps  of  Engineers^ 

Washington^  I).  C. 


APPENDIX  S. 

Boston,  Mass.,  August  25, 18    6 

General  :  I  have  the  honor  to  report  as  follows  in  relation  to  the 
oi)erations  on  the  sea-walls  of  Deer  and  Lovell's  islands  for  tlie  year 
ending  June  30,  1868. 

In  relation  to  the  Deer  Island  sea-walls,  as  was  mentioned  in  my  last 
annual  rei)ort,  the  prosecution  of  the  rebuilding  of  the  wall  of  the 
Middle  Head  was  going  on  successfully  at  the  commencement  of  the 
year  in  July,  and  it  was  pushed  forward  to  the  completion  by  the  close 
of  the  month  of  August,  of  all  that  now  appears  necessary  on  the  wall 
of  that  head,  making  altogether  about  540  running  feet  rebuilt  there, 
of  which  200  running  feet  was  built  within  this  fiscal  year. 

The  wall  of  the  South  Head  was  commenced  and  completely  rebuilt 
in  a  substantial  manner,  comprising  about  420  running  feet,  by  the  close 
of  the  last  working  season.  The  work  of  that  portion  of  the  fiscal  year 
thus  comprising  about  620  running  feet,  and  with  the  work  of  the  former 
year  making  about  960  running  feet  rebuilt  on  both  the  walls  of  tli»*. 
Middle  and  South  Heads,  while  a  quantity  of  stone  has  been  purchased 
and  received  for  the  jetties  required. 

Upon  the  opening  of  the  season  this  year,  and  finding  but  a  few 
thousand  dollars  only  remaining  or  not  enough  to  fairly  commence  ojie- 
mtions  with,  of  the  appropriations  made  previous  to  t  le  lust  one,  which 
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niiiTun^  feet  on  the  South  Head,  awd  about  206  running  feel 
North  Head,  or  826  running  feet  altogether  during  the  year. 

This  contract,  I  may  state,  has  been  taken  at  such  a  reasons 
as  to  require  much  vigor  and  judgment  in  its  execution  to 
ordinary  profits  usually  expected^  And  if  there  is  a  failure 
respects,  it  is  still  trusted  that  the  amount  guaranteed  by  tli( 
$11,000,  or  about  33  per  cent,  of  the  contract  price,  if  it  should  be 
able  in  case  of  failure  as  expected  and  as  legally  due,  ^ill  w 
amounts  as  I  shall  have  still  unpaid  from  the  funds  approprial 
8uf!i(»e  for  the  completion  of  the  work  required,  so  that  1  do ; 
think  it  necessary  to  make  further  estimates  for  this  work. 

For  the  walls  of  LovelPs  island,  proposals  were  advertised  f< 
contract  made  in  July,  1867,  for  the  delivery  of  the  cut-stone  fa 
about  800  running  feet  of  wall,  to  protect  the  southeast  bluff, 
to  have  four  courses  averaging  two  feet  each  above  the  foundat 
the  necessary  split  stone  for  jetties  to  this  wall,  and  for  the  prot< 
the  old  wall  of  the  North  Head  were  pro\ided  for  by  the  same  c<] 
The  greater  portion  of  the  cut  stone  and  a  part  of  tlie  jetty  st 
delivered  upon  the  river  beach,  near  the  southe^ist  bluff  and  a  t 
laid  to  the  line  of  the  wall,  and  the  stone  distributed  along  the 
the  close  of  the  last  working  season.  The  contractor  report 
great  difficulty  in  obtaining  vessels  as  the  cause  of  the  non-del 
the  whole  as  contracted  for  last  autumn.  Some  further  work  w 
on  the  buildings  there,  a  small  barn  constructed,  and  then  the  ti 
was  mostly  taken  up  and  the  derricks,  &c.,  stored  for  the  wintei 

In  the  opening  of  this  season,  as  the  funds  of  the  last  appro 
required  the  wall  to  be  built  by  contract,  and  as  the  rate  at  wj 
Deer  IsUnd  sea-walls  had  been  contracted  for,  with  the  furtl 
pledged  by  the  bond,  appeared  to  be  sufficient  to  insure  the  consi 
of  that  wall  and  to  leave  enough  available  to  build  this  wj 
Proposals  were  advertised  for  in  May,  and  a  contract  made 
construction  of  this  wall  and  its  jetties,  which  though  at  higher 
rates  than  those  for  the  Deer  Island  wall  are  still   not  uun^a 
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As  the  funds  of  these  two  works  have  always  been  connected  or  made 
in  the  same  appropriation,  I  give  the  following  summary  or  cash  state- 
ment of  the  funds  received  and  expended  during  the  fiscal  year : 

Statement  of  funds  received  and  expended  on  the  sea-tcalln  for  Deer  and 
LovelVs  islands  for  ilie  fiscal  year  ending  June  30, 1868. 

In  Treasury  of  the  United  States,  July  1,  1867,  of  former 

appropriations $32, 000  00 

In  Treasury  of  the  United  States,  July  1, 1867,  of  appropria- 
tions of  March,  1867,  $25,000  for  Deer  and  $25,000  for 
LoveU's 50, 000  00 

Received  for  sale  of  public  property 448  79 

In  hands  of  assistant  treasurer  at  New  York  and  Boston, 
July  1, 1867 2, 544  ;}5 

Total  available  for  the  fiscal  year  ending  June  30,  1868 84, 993  14 

Expended  during  the  year 32, 029  05 

In  the  United  States  Treasury,  July  1,  1868 ....  45, 448  79 
In  hands  of  assistant  treasurer  at  Boston  and  New 

York 7, 515  30 

Leaving  available  for  the  work,  June  30, 1868 52, 964  09 

I  am,  sir,  very  respectfully,  your  obedient  servant, 

H.  W.  BENHAM, 
Colonel  of  Engineers^  Bv^t  Maj.  6enH  U.  8.  4. 

Major  General  A.  A.  Humphreys, 

Chi^f  of  Engineers. 


Abstract  of  proposals  for  material  and  workmanship  for  Deer  and  LovelPs 
islandSj  Boston  harbor,  during  the  year  ending  June  30,  1868. 

1.  For  delivery  of  stone  for  sea-wall  at  LovelPs  island  and  jetties  at 
Deer  and  Lovell's  islands,  as  per  advertisement  dated  June  22,  1867  : 


Names  of  bidders. 


Edmnnd  Lan^ley  . . 
James  M.  Andrews. 

F.  K.Ballan 

E.G.  Sargent 

Charles  T.  Dorsey. 


SEA-WALL. 


S  ®  2 
§■•3  9 


$2  70 
3  20 

3  99 

4  25 


^    -    • 

-J  5 

.5  cc  « 


o  a 


$1  60 

1  65 

2  33 
2  25 


o 


$0  35 


39 
41 

40 


A  contract  was  concluded,  in  accordance  with  his  offer  as  above,  with 
Edmund  Langley. 

H.  W.  BENHAM, 

Brei?et  Maior  GeaeraU 
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Abstract  of  proposals  and  contracts — Continued. 

2.  For  the  reconstruction  of  main  wall,  rebacking  main  wall,  and 
constructing  jetties  at  Deer  island,  Boston  harbor,  as  per  advertisement 
dated  March  2Gj  1868. 


Names  of  bidders. 


Samnel  R.  Edwards*.. 
Frank  W.  Blaisdell,  ) 
I.  Oliver  Trepethent  S 

James  Andrewst 

Patrick  WheelerO 

James  Phillips 


.5-3 
E:3 


« 


be 

«  a. 
2   - 

P   08    O 


& 


$19  00 

19  25 

24  50 
32  00 
60  00 


bog 
213  o 


$12  00 

15  20 

$11  25 


40  00 


o 

9i 
U    CO 

O  — 

O 


U  00 

6  25 

6  00 


7  00 


a. 


OB 

a 


» 


|1  50 
3  50 
3  00 


12  50 
4  00 
3  00 


6  00     3  25 


a; 


o 
•-3 


#2  25 
2  25 
2  50 


2  10 


o 


a 

o 

3 


u 

is 

.    > 


$3  75 
4  50 
3  00 


3  75 


$3  50 
400 
350 


CONDITIONS  ATTACHED  TO  OFFERS. 

*Other  parts  to  be  accepted  only  on  condition  of  the  acceptance  of  the  rebnilding  and  repain  of  the  main  viIL 

f  On  condition  that  we  take  the  whole  if  aw«rded. 

t  All  other  bids  are  offered  on  condition  tliat  the  building  of  main  wall  U  accepted. 

§  Specified  "per  yard,"  supposed  to  mean  "lineal  toot." 

II  No  guarantee  furnislied ;  therefore  does  not  conform  to  advertisement. 

A  contract  was  concluded  with  Sanniel  E.  Edwards  in  accordance  mih 
his  oft'er  as  above. 

H.  W.  BENHAM, 

Brevet  Major  General, 

AhstroA^t  of  proposals  and  contracts — Continued. 

3.  For  construction  of  sea-wall  and  jetties  at  Lovell's  island  as  per 
advertisement  of  May  30,  1868. 


Description  of  work  and  material. 


For  main  wall,  per  lineal  foot 

For  stone  masonry  and  jetties,  per  cubic  yard 

For  concrete,  per  cubic  yard 

For  laborers,  perday... 

For  blacksmiths,  per  day 

For  masons,  per  day 

For  two  yokes  of  oxen  and  driver,  per  day... 

For  one  yoke  of  oxen  and  driver,  per  day . 

Horse  team  and  driver,  per  day 


NAMES  OF  BfDDERS. 


The  conditions  were  on  the  part  of  Messrs.  Derry  &  Edwards  that  the 
whole  be  accepted,  and  of  Mr.  Johnson's  that  the  bid  for  the  main  waD 
be  accepted. 

A  contract  was  concluded  on  the  terms  of  their  offer,  as  above,  with 
Messrs.  Charier  ¥.  D^tt'^'  ?i\vdC\v^\rles  H,  Edwards. 
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SI. 

Boston,  Mass.,  August  22,  1868. 

General,  :  I  have  the  hoHor  to  make  the  following  report  of  operations 
on  the  sea-wall  for  the  protection  of  the  Great  Brewster  island,  for  the 
year  ending  June  30,  1868. 

As  stated  in  my  last  annual  report,  (of  the  date  of  September  6, 1867,) 
the  wall  for  the  protection  of  the  south  head  of  this  island  was  then 
completed,  and  the  main  wall,  except  paving  in  rear,  was  about  fin- 
ished on  the  whole  of  the  east  or  most  exposed  face  of  the  main  or  north 
bluff,  and  a  return  has  been  made  at  the  north  short  face,  or  at  the  last 
most  exposed  angle  of  the  work.  This  wall  upon  this  short  face  was  con- 
tinued through  July  into  August  to  about  the  completion  of  that  face  of 
nearly  150  running  feet,  when  the  former  funds  of  the  wall  being  about 
expended,  and  the  new  appropriation  requiring  all  work  to  be  given  out 
by  contract,  proposals  were  called  for  by  advertisement  for  the  comple- 
tion of  the  work  to  the  extent  of  the  funds  available.  One  offer 
only  was  received,  and  that  from  the  overseer  who  had  previously 
carried  on  the  w^ork,  so  that  the  operations,  as  it  happened,  continued 
without  interruption  until  the  near  exhaustion  of  the  funds  in  Novem- 
ber. During  this  time  the  main  wall  of  this  north  head,  with  its  coping, 
was  completed  as  far  as  was  projected  in  the  original  designs  for  this 
work;  that  is,  as  far  around  from  the  east  and  north  to  the  northwest 
sides  of  the  island  as  the  bluffs  or  slopes  of  the  hill  show  signs  of  recent 
abrasion  by  the  sea,  and  the  wall  was  terminated  and  built  into  these 
banks,  where  the  slopes  in  rear  and  beyond  appear  to  be  continuously, 
well  grassed.  The  layers  of  large  boulders  left  or  deposited  there  for 
many  years  past,  upon  the  shores  near  high- water  line,  beyond  or  south 
of  the  termination  of  this  wall  upon  this  west  or  inside,  appear  to  offer 
all  the  remaining  protection  that  now  seems  necessary,  and  thus  the 
bluffs  of  the  island,  I  trust,  are  essentially  secure  from  further  abrasion. 

The  amount  of  wall  constructed  during  the  year  since  June,  1867,  is 
550  running  feet,  making  1,655  running  feet  of  protection  for  the  north 
head,  and  with  the  885  running  feet  of  heavy  sea-wall  at  the  south  head 
gives  about  2,540  ninning  feet  of  main  wall  altogether,  besides  one  large 
jetty  at  south  head  now  constructed  for  the  protection  of  this  island. 

I  regret  to  say,  however,  that  the  increased  cost  of  the  work  at  the 
contract  prices  absorbed  a  portion  of  the  fiinds  that  I  had  estimated  to 
complete  this  wall  of  the  north  head,  and  that  the  filling  and  paving  in 
rear  of  the  wall  from  the  northeast  angle,  for  over  500  runnin  g  feet,  could  not 
be  completed ;  and  this  portion  of  the  wall  is  now  standing  with  more  than 
one-half  of  its  upper  portion  entirely  unsupported  by  even  earth  in  its 
rear.  It  happens,  however,  fortunately,  that  this  is  not  the  part  most 
particularly  in  danger  from  the  storms  of  the  open  ocean;  though  this 
portion  should  be  filled  up  to  the  level  of  the  coping  as  nearly  as  prac- 
ticable, which  can  be  done  at  but  small  expense;  and  the  heavy  paving, 
a  large  portion  of  which  is  on  hand  at  the  island,  the  Aost  of  it  haule4 
to  it«  position  in  rear  of  coping,  should  also  be  set  as  early  as  funds  can 
be  obtained,  and  a  paving  of  boulders  will  probably  suffice  on  the  north 
and  northwest  lines  of  the  wall  where  least  exposed  to  the  heavy  dash 
of  the  sea. 

For  completing  this  north  head  wall,  for  filling  the  unbacked  portion 
of  the  wall  with  earth,  and  for  setting  the  heavy  paving  on  the  most 
exposed  parts  on  the  east  faces,  and  for  a  temporarj^  protection  to  the 
gap  between  the  north  and  south  walls,  with  the  construction  of  ow<i  q\. 


I 

h 


I 
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two  small  jetties,  as  I  have  recently  reported,  the  sum  of  $10,000  will  be 
required.  But  for  the  closing  of  the  gap  of  250  running  feet,  which  a 
o-ontinued  observation  of  the  eflfect«  of  the  sea  confirms  me  in  the  opin 
ion  that  it  is  indispensable,  I  would  estimate,  as  last  ye^r,  the  sum  of 
$22,500,  if  executed  by  hired  lubor  ;  and  for  a  strong  jetty  at  the  termi 
nation  of  the  wall  at  the  northwest  side  of  the  island  $2,500,  or  alto- 
gether to  complete  this  wall,  $25,000. 

I  may  repeat  here  that,  though  I  find  it  infinitely  easier  and  more 
agreeable  for  an  officer  to  execute  work  by  contract,  as  the  last  law 
required,  1  have  a  full  certainty  that,  under  ordinary  circumstances,  the 
work  will  not  be  as  well  executed  with  the  same  economy'  to  the  govern 
ment;  and  though  I  have  made  some  contracts  at  reasonable  prices,  and 
one  below  my  own  estimates  even,  I  have  yet  to  see  the  entire  fulfillment 
of  these  contracts,  or  the  prospect  of  it,  even,  in  the  cai§e  of  the  one  la^ 
referred  to.  The  abstract  of  the  contract  made  with  Mr.  James  Phillips, 
and  not  entirely  completed,  though  given  up  by  him  from  the  failure  of 
the  funds,  is  hereby  respectfully  forwarded. 

The  following  is  the  report  of  funds  for  Great  Brewster  island  sea 
wall,  as  available,  expended,  and  on  hand: 

In  the  United  States  treasury  July  1,  1867,  less  amount  of 

taxes  paid  direct  from  treasury $25, 218  44 

Of  which  there  was  due  from  the  United  States 9, 308  40 

Leaving  balance  from  new  appropriations 15, 910  04 

Appropriation  of  March,  1867 25,000  Ol> 

lieceived  from  sale  of  public  property 251  21 

Total  available  for  fiscal  year  ending  June  30, 1868 41, 161  25 

Expended  during  the  year. $40,  ^U3  75 

In  the  United  States  treasury  July  1,  1868 $269  65 

In  the  hands  of  assistant  treasurer  at  Boston  and  Xew  York         547  85 
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I  am,  sir,  very  respectfully,  your  obedient  servant, 

H.  W.  BENHAM, 
Colonel  of  Engineers^  Brevet  Major  General  U.  S,  AriHy. 

Major  General  A.  A.  Humphreys, 

Chief  of  Engineers. 


if 


Abstract  of  proposals  for  worlc  on  sea-walls  at  CireM  Breicster  island  dur 

ing  ths  year  ending  June  30,4868. 

For  laying  the  masonry  of  the  sea-wall  and  building  a  jetty,  as  per 
advertisementof  August  2, 1867,  James  Phillips,  (the  only  offer  received:) 
For  laying  the  masonry  of  said  wall,  with  its  concrete  backing, 

per  superficial  foot,  face  measure $2  00 

For  laying  the  concrete  foundation,  per  cubic  yard 7  00 

For  excavating  for  foundation  of  said  wall,  per  cubic  yard. . .         1  00 

For  filling  in  rear  of  said  wall,  per  cubic  yard 1  00 

For  laying  the  flagging  in  rear  of  coping,  per  square  yard 5  00 

For  building  the  jetty  at  South  Head 1, 150  00 

For  masons,  per  d*a^^ 4  00 
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For  laborers,  per  day $2  10 

For  one-horse  teams,  drivers,  per  day 3  50 

For  team  and  diiver,  per  day 4  00 

DETAIL  FOR  THE  JETTY. 

Excavating  for  the  foundation  stone,  per  cubic  yard $1  00 

Laying  the  concrete,  per  cubic  yard 7  00 

Laying  the  boulders,  per  cubic  yard 2  00 

Laying  dry  masonry,  per  cubic  yard 2  75 

For  jetty  stone,  per  cubic  foot 33 

A  contract  was  conchided  with  James  Phillips  in  accordance  with  his 
proposed. 

H.  W.  BENHAM, 
Brevet  Major  General. 


APPENDIX  T. 

I.  Report  on  the  8aeo  river  improvements  for  the  year  ending  June  30,  1 868, 
by  Brevet  Brigadier  General  George  tlwrn.  Lieutenant  Colonel  of  Engi- 
neers. . 

By  acts  of  Congress  apx)roved  June  23,  1866,  and  March  2,  1867, 
appropriations  amounting  to  $80,000  have  been  made  for  this  work. 

The  plans,  which  have  received  the  approval  of  the  department,  con- 
sist in  the  rebuilding  of  some  of  the  most  important  piers  in  the  river, 
the  removal  of  sunken  rocks  near  Little  islands,  and  the  construction 
of  the  breakwater  near  the  entrance  to  the  river. 

At  the  beginning  of  the  present  fiscal  year,  one  sunken  rock  near 
Little  islands  had  been  removed,  and  a  contract  hjid  been  made  with 
Messrs.  James M.Deering  and  John  W.  Deering,of  Saco,  Maine,  for  fur- 
nishing 50,000  tons  (more  or  less)  of  rough  stone  for  the  breakwater  near 
the  mouth  of  the  river,  for  $  1  81  per  ton  of  2,240  pounds.  At  the  close  of 
the  fiscal  year  ending  June  30,  1868,  the  con  tractors  hjid  deposited  39,270 
tons*  of  stone  in  position  on  the  breakwater. 

This  work  has  been  carried  (in  partial  completion)  from  its  shore  end 
to  the  beacon  on  the  inner  end  of  the  outer  pier,  being  a  distance  of 
2,550  feet,  and  up  to  a  general  level  of  10  feet  above  mean  low  water, 
or  one  foot  above  mean  high  water. 

This  has  closed  the  old  channel  (as  was  intended)  and  formed  anew 
one  (as  was  expected)  much  more  uniform  and  direct  along  the  inside 
of  the  breakwater  as  far  out  as  the  outer  end  of  the  old  beacon  pier, 
and  is  apparently  improving  out  beyond  that  point,  so  that  vessels  now 
enter  through  the  new  channel,  drawing  as  much  water  as  before.  But 
in  order  to  fully  realize  the  benefit  to  be  derived  from  this  im[)ortant 
work,  so  as  to  have  a  direct,  uniform,  and  permanent  channel  through 
the  bar,  (at  the  entrance  to  the  river,)  it  is  now  evident  that  the  break- 
water  will  have  to  be  extended  to  the  spit  about  800  feet  beyond  the 
outer  end  of  the  beacon  pier.  This  e^itension  will  necessitate  an  iucretise 
in  the  original  estimate  for  the  work. 

On  the  24th  of  July,  1867, 1  entered  into  a  contract  for  removing  a 
large  sunken  rock  near  Little  islands,  with  Mr.  James  M.  Andrews,  of 
Biddeford,  Maine,  for  the  sum  of  $2,000,  he  being  the  only  bidder  for 
the  job.  (See  appendix  marked  I.)  On  the  8th  of  September  the  con- 
tract was  satisfactorily  fulfilled. 

•On  the  lid  of  Julv,  J 868,  40,2*23  tons  had  been  delivered^  when  operations  on  this  work 
were  suspended  for  want  of  funds.  v 


maiieut  completion  oithe  Saco  river  improvement,  as  per 

previous  estimates |27O,0( 

Additional  amount  required  for  its  extension  as  above  pro- 
posed         50,0( 

Total 320,0< 

Amount  appropriated  bv  acts  of  Congress  approved  June 

23,  1866  and  March  2,^^1867 8O,0< 

Additional  amount  required  for  completion  of  work  $240,000,  of  ^ 
$75,000  can  be  profitably  exx)ended  upon  it  during  the  next  fiscal  ye 

Available  balance  of  appropriation  July  1,  1867 $79,7! 

Amount  available  June  30,  1808 4,1J 

Amount  required  for  year  ending  June  30, 1870 75,0 

The  works  for  the  improvement  of  Saco  river  are  located  in  the 
lection  district  of  Saco,  near  the  ports  of  Saco  and  Biddefonl,  M 
The  nearest  light-house  is  on  Wood  island,  opposite  the  mouth  of 
river,  and  the  nearest  forts  are  those  in  Portland  harbor,  about  15 1 
distant. 

The  amount  of  revenue  collected  at  Saco,  (the  port  of  entry,)  as 
nished  by  the  collector,  was  for  the  fiscal  year  ending  June  30, 
$1,258  46.    As  to  the  amount  of  commerce  and  navigation  that  ^ 
be  benefited  by  the  completion  of  these  works  of  improvement, '. 
repeat  the  information  (iontained  in  my  last  annual  report,  viz : 

At  the  inner  harbor,  which  is  inside  the  bar,  the  arrivals  amon 
about  40  coal  vessels,  and  about  150  to  200  vessels  in  the  coasting  t 
bringing  general  merchandise  for  Siico,  Biddeford,  and  the  Dack  < 
tiy,  and  carr^  ing  out  timber,  &c.,  exclusive  of  what  comes  by  rail 
This  port  is  the  entry  for  the  supplies,  including  the  back  distric 
a  population  of  about  30,000,  and  is  the  natural  shipping  port  o 
timber  interest  of  nearly  the  whole  of  York  county,  except  some  t 
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The  Saco  ship-building  company,  also,  has  just  fairly  started,  and  will 
give  a  new  impetus  to  commerce,  as  they  obtein  a  considerable  portion 
of  their  timber  from  the  southern  markets. 

The  improvements  already  made  and  now  in  progress  may  be  regarded 
a8  permanent,  and  such  as  after  completion  will  not  require  further 
expenditure. 

The  papers  described  as  follows  are  hereto  appended : 

1.  Abstract  of  proposals  for  each  work,  with  names  of  bidders,  &c. 

2.  Abstract  of  contracts  for  each  work,  with  names  of  contractors. 
3  and  4.  Copy  of  notice  in\iting  proposals  for  removing  sunken  rocks. 

GEORGE  THOM, 
Lieut  Colonel  of  Engineers,  Bvt  Brig.  Gen.  U.  S.  A. 

U^'ITED  States  Engineer  Office, 

Partland,  Maine,  July  1,  1868. 


No.  1. 
Abstract  of  bids  received  for  the  impravement  of  Saco  river ,  Maine. 


Nature  of  work. 

• 

£ 

u 

a 

B 

s 

1.... 

2.... 

Names  of  bidders. 

Amount  bid 
for. 

Price. 

For  removing  sunken  rock 

*For  removiner  sunken  rock  .. 

Jas.  M.  Andrews^ 
-Biddeford.  Maine. 
*  Reuben    Wiley, 
Seab rooky  N.  H. 

Whole  work. 
Whole  work. 

$2,000 
200 

*  Contract  for  thU  work  was  not  signed  until  July  10,  1868. 

GEO.  THOM, 
LituteHant  Colonel  of  Engineers^  Brevet  Brigadier  General  U,  S.  A, 


Ko.  2. 
Abstraet  of  contracts  made  for  the  improvement  of  Sax^o  river,  Maine. 


Nature  of  work. 

a 

s 

3 

525 

Name  of  contractor. 

Quantity. 

Price. 

Fur  removing  sunken  rock 

1.... 

Jas.  M.  Andrews, 
Biddeford,  Maine. 

Whole  work. 

^,000 

GEO.  THOM, 
Lieutenant  Colonel  of  Engineers^  Brevet  Brigadier  General  LK  S.  A« 


two  responsible  persons^  in  the  required  form,  and  the  bidder  wiJ 
called,  if  bis  proposal  is  accepted,  enter  into  a  contract  and  bon 
good  and  sufficient  security,  for  the  true  and  faithful  pertbrmanc 
contract.  The  contract  will  be  awarded  to  the  lowest  responsi 
der,  and  be  subject  to  the  approval  of  the  Secretary  of  War. 

The  undersigned,  however,  reserves  the  right  to  exclude  the 
any  person  who  there  is  reason  to  believe  will  not  faithfii 
promptly  perform  the  contract;  also  any  informal  bids,  as  well  { 
that  are  above  a  reasonable  price  for  the  work;  and  no  member 
gress,  officer  or  agent  of  the  government,  nor  any  person  empl 
the  public  service,  shall  be  admitted  to  any  share  in  the  contract 
benefit  w  hich  may  arise  therefrom. 
Payment  will  be  made  on  the  satisfactory  completion  of  the  w 
Persons  desiring  to  make  proposals  will  pleai^e  call  on  the 
signed  at  his  office,  in  Morton  Block,  on  Congress  street,  for  f 
same  and  for  definite  information,  if  desired;  and  on  transmittiii 
will  indorse  thereon,  *'  Proposals  for  removing  rock  in  Saco  river, 

GEORGE  THOM 
Brevet  Brigadier  General  U,  IS,  I 

United  States  Engineer  Office, 

Portland^  Maine^  September  16,  1867. 


No.  4. 


Proposals  for  removing  a  sunken  rock  in  Saco  river ^  Maim, 

Proposals  will  be  received  at  this  office  until  3  o'clock  p.  m.  o 
day,  the  22d  instant^  for  removing  a  sunken  rock  in  ndd-chaniiel 
river,  near  Little  islands.    The  rock  has  an  irregidar  shain*,  av( 
about  20  feet  long,  by  12  feet  wide,  and  two  and  a  half  feet  iu 
The  depth  of  water  at  this  place  is  from  seven  to  eight  feet  at  me 
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called  on,  if  his  proposal  be  accepted,  enter  into  a  contract  and  bond, 
with  good  and  sufficient  security,  for  the  true  and  faithful  performance 
of  his  contract.  The  contract  will  be  awarded  to  the  lowest  responsible 
bidder,  and  be  subject  to  the  approval  of  the  Secretary  of  War. 

The  undersigned,  however,  reserves  the  right  to  exclude  the  bids  of 
any  persons  who  there  is  reason  to  believe  will  not  faithfully  and 
promptly  perform  the  contract;  also  any  informal  bids,  as  well  as  those 
that  are  above  a  reasonable  price  for  the  work;  and  no  member  of  Con- 
gress, officer  or  agent  of  the  government,  nor  any  person  employed  in 
the  public  service,  shall  be  admitted  to  any  share  in  the  contract,  or  any 
benefit  which  may  arise  therefrom. 

Payment  will  be  made  on  the  satisfactory  completion  of  the  work. 

Persons  desiring  to  make  proposals  will  please  call  on  the  under- 
signed, at  his  office  in  Morton  Block,  Congress  street,  for  forms  of  same, 
and  for  more  definite  information,  if  desired ;  and  on  transmitting  them 
will  indorse  thereon,  "Proposals  for  removing  rock  in  Saco  river,  Maine." 

GEORGE  THOM. 
Brevet  Brigadier  General  U.  IS.  Army. 

United  States  Engineer  Office, 

Portland^  Mame^  July  12,  1867. 


Tl. 

II. — Report  on  the  extension  of  ths  breakwater  in  Portland  harbor,  Maine^ 
for  the  year  ending  June  30, 18G8,  by  Brevet  Brigadier  General  George 
Thorn,  lieutenant  colonel  of  engineers. 

By  an  act  of  Congress  approved  June  23,  1866,  an  appropriation  was 
made  for  this  work  amounting  to  $105,111  05,  being  the  amount  that 
was  estimated  for  the  entire  completion  of  the  work  on  the  original 
plan. 

A  board  of  engineers,  in  June,  1867,  recommended  a  modification  of 
the  original  plan,  requiiing  for  its  construction  a  less  amount  than  that 
appropriated.  Before  determining  upon  any  plan,  however,  it  wiis 
deemed  necessary  by  the  department  to  make  a  full  series  of  current 
and  tidal  observations  at  such  points  in  the  harbor  as  might  be  found 
useful  in  arriving  at  proper  conclusions.  These  observations  were  made 
by  Mr.  A.  Grant  Childs,  assistant  engineer,  and  finished  in  August, 
1867  ;  my  report  on  which,  with  accompanying  maps  and  diagrams, 
were  submitted  to  the  department  on  the  19th  of  September,  1867,  with 
the  approval  of  the  department.  I  also  had,  with  the  co-operation  of 
the  superintendent  of  the  United  States  Coast  Survey,  a  very  minute 
hydrographic  survey  of  the  harbor,  made  in  October  and  November 
last,  the  report  on  which,  with  a  chart  of  the  survey  on  a  scale  of  yg'o o, 
were  transmitted  to  the  department  in  April  and  May  last. 

Tbe  plan  for  the  extension  of  this  work  not  having  been  determined 
on,  operations  have  been  confined  during  the  past  year  to  the  comple- 
tion of  the  unfinished  capping  of  the  present  work.  In  obedience  to 
instructions  from  the  department,  I  advertised  for  proposals  for  this 
capping,  (see  copy  of  advertisement  herewith,  marked  1,)  and  entered 
into  contracts  with  the  three  parties  who  were  the  lowest  bidders  for 
the  three  kinds  of  work  and  materials  to  be  furnished,  to  wit :  August 
9,  1867,  with  Messrs.  Peirce  &  Rowe,  of  Frankfort  Mills,  Maine,  for  fur- 
nishing the  stone;  August  6,1867,  with  Mr.  George  P.W^^^o^X^^l 
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Portland,  Maine,  for  performing  the  labor ;  and  Angust  6, 1867,  with 
Messrs.  Charles  Staples  &  Son,  of  Portland,  Maine,  for  fumishino;  the 
composition  bolts ;  (see  papers  hereto  appended,  marked  2  and  3.)  0])era- 
tions  under  these  contracts  were  commenced  on  the  Ist  of  Septeml)er, 
18G7,  and  at  the  close  of  the  present  fiscal  year,  538  lineal  feet  of  the 
capping  was  finished,  leaving  but  195  lineal  feet  at  it«  outer  extremity 

I  to  be  done  under  the  contract.* 

'^  By  a  joint  resolution  of  Congress,  approved  June  5,  1868,  it  was 

resolved  "  That  so  much  of  the  unexpended  balance  of  the  appropriation 
for  the  breakwater  in  Portland  harbor,  Maine,  as  the  chief  engineer 
shall  deem  proper,  may  be  expended  under  his  direction  in  excavating 
the  middle  ground  near  said  breakwater  and  in  otherwise  protectiug 
the  channel  from  injury  by  filling  and  improving  the  same.'' 

In  compliance  with  instructions  from  the  department,  dated  June  22, 
1868,  (a  copy  of  which  is  hereto  appended,  March  4,)  I  submit  my  views 
on  the  subject  of  improving  the  harbor,  as  called  for  by  the  joint  re^sohi- 
tion,  (a  copy  of  the  same  being  hereto  appended,  marked  5,)  which 
received  the  approval  of  the  department.! 

The  amount  appropriated  for  this  work  is  deemed  sufficient  for  the 
breakwater  as  well  as  for  the  proposed  harbor  improvements,  and  it  is 
probable  that  the  work  will  be  completed  during  the  fiscal  year  ending 
June  30,  1869. 

Available  balance  of  appropriation,  June  30, 1867 $102, 519  91 

Amount  of  expenditure  (including  the  retained  percentage) 

during  the  fiscal  year  ending  June  30,  1868 23, 122  01 

Amount  available  June  30, 1868 79, 397  87 


This  work  is  situated  in  Portland  harbor,  Maine,  there  being  a  hght- 
house  on  the  outer  extremity  of  the  breakwater,  and  another  at  the 
entrance  to  the  outer  harbor.  Fort  Georges,  Preble,  and  Scammell  are 
all  in  the  immediate  vicinity  of  the  work. 

The  amount  of  revenue  collected  for  the  fiscal  year  ending  June  30, 
1868,  as  stated  by  the  United  States  collector  of  customs,  is  as  follows, 
viz  * 

Duties  on  imports $787, 213  96 

Hospital  and  tonnage  duties. 25, 295  94 

Total 812, 509  9{) 


The  amount  of  duties  assessed  at  this  port  for  the  same  period,  which 
includes,  in  addition  to  the  foregoing,  duties  on  goods  in  tninsit  to  the 
British  provinces,  and  on  those  transported  to  other  domestic  ports  in 
bond,  is  $8,399,702  64.  The  amount  of  commerce  and  navigation  that 
M  ould  be  benefited  by  the  completion  of  this  work  is  as  follows,  viz  : 
The  number  of  foreign  entrances  and  clearances  at  this  port  for  the 
year  ending  June  30,  1868,  was  1,153 ;  the  number  of  domestic  entrances 
and  clearances  for  the  same  period  was  1,320.  This  statement  exhibits 
but  a  part  of  the  commerce  that  would  be  benefited  by  the  work,  as  a 
very  large  number  of  vessels  put  into  this  harbor  during  the  year 
without  making  entry  at  Portland. 

*  This  was  completed  on  the  20 Lh  of  August.  1868. 

t  A  contract  was  made  July  23,  1868,  with  Messrs.  A.  B.  Coolej  &  Co.,  of  Philadelphii, 
for  completing  thia  work  in  November,  1868,  and  operations  were  commenced  on  the  i3tii  uf 
August. 
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The  improvements  now  in  progress  on  tlie  breakwater  may  be 
egarded  as  permanent,  and  such  as  after  completion  will  not  require 
Lirther  expenditure.  The  dredging  may  have  to  be  rei)eated  to  some 
xteut  at  some  future  time,  but  when  and  to  what  extent  cannot  now  be 
jreseen. 

The  papers  described  as  follows  are  hereto  appended : 

1.  Copy  of  notice  inviting  proposals  for  breakwater. 

2.  Abstract  of  proposals,  with  names  of  bidders,  &c. 

3.  Abstract  of  contracts  for  each  work,  with  names  of  contractors. 

4.  Copy  of  instructions  from  chief  engineer. 

5.  Copy  of  plan  proiK)sed  for  improving  harbor,  in  furtherance  of 
)int  resolution  of  Congress. 

GEO.  THOM, 
Lieutenant  Colonel  of  Engineers,  Bvt.  Brig.  6enl.  U.S.A. 

United  States  Engineer  Office, 

Portland^  Maine^  July  1, 1868. 


No.  1.  . 


^reposals  for  campleting  the  unfinished  capping  of  the  present  breakwater 

in  Portland  harbor^  Maine. 

Proposals  will  be  received  at  this  office,  until  2  o'clock  p.  m.,  on  Satur- 
lay,  the  20th  instant,  for  completing  the  above-named  work  in  conform- 
ty  with  the  plans  in  this  office.  To  complete  the  capping,  the  following 
lescribed  work  will  require  to  be  done,  viz : 

1.  Six  hundred  and  thirty-two  lineal  feet  of  granite  capping,  10  feet 
u  width,  which  is  to  be  laid  in  two  courses,  each  having  a  rise  of  two 
eet  three  inches.  The  lower  course  to  be  composed  of  stones  not  less 
han  eight  feet  in  length,  to  belaid  longitudinally  in  three  rows,  and  the 
ntervals  between  to  be  tilled  with  rubble  stone ;  and  the  upper  course 
)f  stones  10  feet  in  length  and  not  less  than  two  feet  in  width,  to  be 
aid  transversely. 

2.  One  hundred  lineal  feet  of  granite  capping,  nine  and  a  half  feet  in 
i-idth,  on  the  shore  end  of  the  breakwater,  which  .also  must  be  laid  in  two 
courses,  each  having  a  rise  of  two  feet  two  inches ;  the  lower  course  to  be 
:onii>osed  of  stones  not  less  than  eight  feet  in  length,  to  be  laid  longitu- 
liiially  in  three  rows,  and  the  intervals  between  to  be  filled  with  rubble 
tone  ;  and  the  upper  course  of  stones,  nine  feet  six  inches  long  and  not 
ess  than  two  feet  wide,  to  be  laid  transversely. 

3.  Rubble  stone  in  addition  to  the  above  to  be  furnished  and  laid  in 
K)sition,  wherever  required  to  level  up  for  the  capping  in  conformity 
vith  the  plans,  not  exceeding  75  cubic  yards. 

The  work  must  be  commenced  immediately  after  the  delivery  of  the 
approved  contract,  and  be  completed  on  or  before  the  1st  of  July,  1868 ; 
¥ith  the  understanding  that  not  less  than  500  lineal  feet  of  the  required 
rapping  will  be  finished  on  or  before  the  15th  of  December  next. 

Each  proposal  must  be  accompanied  by  a  written  guarantee,  signed  by 
;wo  resiwnsible  persons,  in  the  required  form,  that  the  bidder  will,  when 
'.ailed  on,  if  his  proposal  be  accepted,  enter  into  a  contract  and  bond, 
Nit\\  good  and  sufficient  security,  (the  sureties  and  their  places  of  resi- 
lence  to  be  named  in  the  proposal,)  for  the  true  and  faithful  performance 
)f  his  contract.  The  contract  will  be  awarded  to  the  lowest  responsible 
:udder,  and  be  subject  to  the  approval  of  the  Secretary-  of  War. 
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The  unclersignecl,  however,  reserves  the  right  to  exclude  the  bids o1 
persons  who  there  is  reason  to  believe  will  not  faithfuUy  and  proo 
perform  the  contract ;  also,  any  informal  bids,  as  well  as  those  tha 
above  a  reasonable  price  for  the  work,  and  no  member  of  Cong 
oflBcer  or  agent  of  the  government,  nor  any  persons  employed  ii 
public  service,  shall  be  admitted  to  any  share  in  the  contract,  oi 
benefit  which  may  arise  therefrom. 

Payments  will  be  made  pro  rata  for  the  work  done,  in  three  in 
ments ;  the  first,  on  the  completion  of  300  lineal  feet  of  the  work 
second,  at  the  end  of  the  season's  operations ;  and  the  third,  on  the  i 
factory  completion  of  the  whole  work  contracted  for — 20  i)er  cent, 
reserved  from  ejich  payment  until  the  whole  work  is  finished,  and 
forfeited  in  the  event  of  the  non-fulfillment  of  the  contract  m  the 
and  manner  as  therein  required. 

Persons  desiring  to  make  proposals  will  please  call  on  theundersi 
at  his  office  in  Morton  Block,  on  Congress  street,  for  forms  of  siune 
for  more  definite  information,  if  desired  ;  and,  on  transmitting  them 
indorse  thereon  "  Proposals  for  Portland  breakwater,  Me.'' 

GEO.  THOM, 
Bvt  Brig.  Gen.  U.  S. 


No.  2. 


Abstract  of  bids  received  for  extending  the  breakwater^  Portland  he 
MainCj  applied  to  completing  the  unfinished  cupping. 


Nature  of  work. 


For  furnishing  all 
theffranite. 

For  furnishing  all 
the  granite. 

For  furnishing  all 
the  granite. 

For  furnishing  com- 
position bolts. 

For  labor 


For  labor 


s 


o 
S5 


1 
2 
3 
1 
1 
2 


Name  of  bidder. 


Isaac  Hamilton,  Cumber- 
land. Maine. 

George  P.  Wescott,  Port- 
land, Maine. 

Geo.  A.  Peirce  &  John  S. 
Rowe,  Frarkfort,  Me. 

Charles  Staples  &  Son, 
Portland,  Maine. 

Isaac  Hamilton,  Cumber- 
land, Maine. 

George  P.  Wescott,  Port- 
land, Maine. 


Amount  bid 
for. 


Whole  work  - 
Whole  work. 
Whole  work . 
Whole  work 
Whole  work . 
Whole  work- 


Price. 


825  per  running  I 
breakwater  com] 

$25  per  running  I 
breakwater  com] 

f24  45  per  runn'j 
breakwater  com] 
39  cents  per  poo 

$12  per  lineal  fo( 

4^11  per  lineal  fo 


GEO.  THOM, 
Lieui*  Col,  of  EnginttrSy  Btt.  Brig.  Gtm.  U.  S 
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No.  3. 

Abstract  of  contra<^ts  made  for  extemUng  the  hrealacater^  Portland  harbor^ 
Maine,  applied  to  completing  the  unfinished  capping. 


Natare  of  work. 


For  furnishing^  all 
the  jrranite. 

FarniHhinf!:  compo- 
sition holts. 

For  labor 


0) 

u 
o 


o 
55 


1 
2 
3 


Name  of  contractor. 


Quantity. 


Peirce  &  Rowe,  Frank- 
fort, Maine 

Charles  Staples  Sl  Son, 
Portland,  Maine. 

George    P.    Wescott, 
Portland,  Maine. 


Whole  work.. 

750    pounds, 
(more or  less.) 
Whole  work . . 


Price. 


$24  45  per  running  foot  of 

breakwater  completed. 
39  cents  per  pound. 

$11  per  lineal  foot. 


GEO    THOM, 
Litut.  Col,  of  Engineers,  Bvt.  Brig,  Gen,  U,  S.  A, 


No.  4. 

Headquarters  Corps  of  Engineers, 

Washi7igtonj  D.  C,  June  22,  1868. 

General:  A  copy  of  a  joint  resolution  of  Congress,  of  June  5,  1808, 
in  relation  to  the  breakwater  at  Portland,  Maine,  is  herewith  inclosed. 
You  will  please  submit  your  views  upon  the  subject  refeiTed  to, 
together  with  estimates  for  such  excavation  as  may  be  deemed  neces- 
Siiry  upon  the  middle  ground  near  the  breakwater,  showing  the  position, 
width,  and  depth  of  such  channel  Jis  you  may  propose,  its  probable  cost, 
and  what  balance  from  the  appropriation  for  the  extension  of  the  break- 
water will  be  available  for  this  puq)ose,  and  ''  for  otherwise  protecting 
the  channel  from  injury  by  filling  and  for  improving  the  same.'' 
Very  respectfully,  your  obedient  servant, 

A.  A.  HUMPHREYS, 

Brig.  Oen.  Commanding. 
Lieut.  Col.  and  Bvt.  Brig.  Gen.  Geo.  Thom, 

Corps  of  Engineers^  Portland,  Maine. 

Public  Resolution— No.  25. 
JOINT  RESOLUTION  in  relation  to  the  breakwater  at  Portland,  Maine. 

Be  it  resolved  by  the  Senate  and  House  of  Representatives  of  the  United  States  of  America 
in  Congress  assembled^  That  so  much  of  the  unexpended  bahinceof  the  appropriation  for  the 
breakwater  in  Portland  harbor,  Maine,  as  the  chief  en(2:iueer  shall  deem  proper,  may  be 
expended  under  his  direction  in  excavating  the  **  middle  ground  '*  near  said  breakwater, 
and  in  otherwise  protecting  the  channel  from  injury  by  filling  and  improving  the  same. 

Approved  June  5,  IdGS. 


United  States  Engineer  Office, 

Portland,  Maine,  June  30,  1868. 

General  :  In  compliance  with  instructions  of  the  22d  instant,  I  have 
the  honor  to  herein  submit  my  views  upon  the  subject  oi  ^"^  ^^^^N>aMvcL^ 
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the  middle  ground  near  said  (Portland)  breakwater,  and  otherwise  pro- 
tecting the  channel  from  injury  by  filling  and  improving  the  same,"  in 
furtherance  of  the  joint  resolution  of  Congress  approved  June  5, 1868, 
a  copy  of  which  accompanies  your  instructions ;  together  with  estimate 
of  the  probable  cost  of  same,  and  what  balance  from  the  appropriation 
for  the  extension  of  the  breakwater  will  be  available  for  this  purpose. 
1st.  For  the  completion  of  the  capping  of  the  breakwater  under 
existing  contracts,  including    outstanding  indebtedness  on 

same  account,  there  will  be  required $19, 531 

For  completing  breakwater  on  plan  recommended  by  board  of 

engineers 35,000 

Contingencies 5, 453 

Total 59,984 

Unexpended  balance  of  appropriation  this  date 91, 931 

Amount  available  for  improving  harbor,  in  pursuance  of  joint 

resolution  approved  June  30,  1868 31,947 

Or  (say)  $30, 000. 

The  joint  resolution  authorizes  the  excavation  of  the  "  middle  groundr 
but  it  doubtless  was  intended  to  apply  to  the  "  bar^  at  the  entrance  to 
the  river  harbor,  lying  between  the  "  middle  ground''  and  the  outer  end 
of  the  breakwater.  This  bar,  or  that  portion  of  it  nearest  the  Portland 
shore,  may  properly  be  considered  a«  forcing  a  part  of  the  "  middle 
ground,"  and  this  is  where  the  interests  of  commerce  require  the  exca- 
vation to  be  made.  Borings  recently  made  on  this  "middle  ground* 
and  bar  show  that  the  middle  ground  is  composed  of  soft  mud  to  a 
depth  of  13 J  feet,  (or  25  feet  below  mean  low  water,)  below  which  borings 
were  continued  two  feet  fuither,  through  sand  or  gravel,  without  finding 
any  ledge  or  other  obstruction,  to  a  depth  of  27  feet  below  mean  low 
water;  that  the  "bar"  is  composed  of  soft  mud  to  a  depth  of  six  or 
seven  feet,  (or  22  to  23  feet  below  mean  low  water,)  below  which  borings 
were  continued  to  a  depth  of  from  one  to  three  and  one-half  feet,  through 
sand  or  gravel,  without  finding  any  ledge  or  other  obstruction,  to  a  depth 
of  23J  to  26J  feet  below  mean  low  water.  These  facts  show  that  there 
\iall  be  no  difficulty  in  excavating  a  channel  to  the  desired  depth. 

The  accompanying  sketch  exhibits  the  location  and  extent  of  the 
channel  which  I  would  recommend  to  be  excavated.  It  is  located  on 
the  southern  slope  of  the  "middle  ground,"  through  the  deepest  water, 
and  so  as  to  conform  to  the  set  of  the  tidal  currents.  The  general  width 
of  the  proposed  channel  is  300  feet,  which  is  sufficient  for  two  vesi^iels 
to  pass  each  other,  and  is  opened  at  each  end,  so  as  to  receive  flood  and 
ebb  currents,  and  to  enable  vessels  to  take  any  desired  course,  whether 
inward  or  outward  bound. 

The  depth  of  excavation  should  not  be  less  than  19  feet,  nor  is  it 
desirable  to  have  it  more  than  20  feet  below  mean  low  water;  aud  I 
would  suggest  that  these  limits  be  adopted,  and  that  the  depth  should 
depend  upon  the  prices  at  which  contractors  will  undertake  the  work. 

In  an  interview  with  the  harbor  commissioners  of  this  city,  I  explained 
to  them  my  views  concerning  this  matter,  and  they  entirely  cx)ncur  iu 
them  as  being  tuiapted  in  every  way  to  meet  the  present  wants  of  the 
commerce  of  this  harbor.  They,  however,  express  a  wish  that,  for  the 
pupose  of  affording  increased  facilities  to  the  ocean  steamers,  which  are 
deemed  of  much  importance  to  this  place,  the  lower  end  of  the  bar  off 
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Grand  Trunk  wharves  should  also  be  removed,  so  that  those  steamers 
'  have  easy  access  to  those  wharves.    For  the  reasons  stated,  I  also 
immend  that  this  be  done. 
he  following  estimates  are  submitted  for  these  improvements,  viz: 

For  excavating  a  channel  through  the  southern  slope  of 
le  "middle  ground"  to  a  depth  of  l7  feet  below  mean  low 

ater,  requiring  30,000  cubic  yards,  at  40  cents $14, 400 

Hvating  the  bar  off  Grand  Trunk  wharves,  3,300  cubic 

ards,  at  40  cents 1, 320 

15,  720 
ling  10  per  cent,  for  contingencies 1, 572 

Total 17, 292 

For  a  channel  20  feet  in  depth  at  mean  low  water  through 

le  middle  ground  b«ar,  60,000  cubic  yards,  at  40  cents 24, 000 

iio\ing  Grand  Trunk  bar,  5,000  cubic  yards,  at  40  cents 2,  000 

26, 000 
1 10  per  cent,  for  contingencies 2,  600 

28, 600 


rom  which  it  is  seen  that  it  is  probable  that  the  amount  of  appropria- 
I  available  for  this  work  will  admit  of  the  excavation  of  the  channel 
^  depth  of  20  feet.  This  will  depend  upon  the  price  for  which  con- 
?tors  will  undeitake  it;  I  do  not  think,  however,  it  will  cost  more 
tt  40  cents  per  cubic  yard. 

would  not  recommend  in  connection  with  this  matter  any  other  work 
r  protecting  the  channel  from  injurv  by  filling  and  for  improving 
le." 

Very  respectfully,  your  obedient  servant, 

GEOEGE  THOM, 

Lieut,  Co^.  of  Engineers^  Brevet  Brig.  Gen.  U,  S.  A. 

[ajor  General  A.  A.  Humphreys, 

Chief  of  Engineers  U.  S.  A.,  Headquarters 

Corps  of  Engineers^  Washington^  D.  C. 


T2. 

Headquarters  Corps  of  Engineers, 

Washington^  D.  C,  December  4, 1867. 

l^ENERAL:  Regarding  the  communication  of  Mr.  Farmer,  of  Portland, 
ine^  upon  the  harbor  and  breakwater,  &c.,  I  desire  to  state  that  the 
ndings  and  shore  lines  he  refers  to  as  just  completed  by  a  Coast  Siir- 
party  have  been  made  under  the  direction  of  Brevet  Brigadier  Gen* 
I  Thom,  corps  of  engineers,  as  the  concluding  portions  of  an  investi- 
ion  ui)on  the  currents,  tides,  depths  of  water  in  the  channel  and  on 
shoals,  and  changes  in  the  physical  condition  generally  of  the  harbor 
?ortland,  entered  into  and  carried  on  by  instructions  from  these  lie^d^ 
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water  already  built,  lie  was  uireeted  not  to  extend  it,  a  deeisio 
that  point  having  been  reserved  until  the  investigations  set  on  fo 
completed., 

A  copy  of  the  letter  of  Mr.  Farmer  has  boen  transmitted  to  ( 
Thorn  with  directions  to  comply  with  the  indorsement  of  the  S^ 
of  War. 

Very  respectfully',  jour  obedient  servant, 

A.  A.  HUMPIIEEYS 
Brigadiet'  General  Comma) 
General  U.  S.  Grant, 

Secretary  of  War  ad  interim. 


T  3. 

Headquarters  Corps  of  Engineers. 
Washington^  D.  C,  January  4, : 

General:  Referring  to  the  letter  fi'oni  these  headquarters  of  1 
December,  1807,  in  relation  to  changes  stated  by  Mr.  J.  L.  FarnH 
letter  to  the  Hon.  AY.  P.  Fessenden,  to  have  taken  place  in  the 
of  Portland,  Maine,  I  beg  leave  to  state  that  the  subject  was  refei 
Brevet  Brigadier  General  George  Thorn,  lieutenant  colonel  of  eng: 
who  reports,  as  the  result  of  examinations  recently  made  under  his 
tiou,  that  tlie  water  has  increased  in  depth  on  the  "middle  groin 
w  ell  as  in  the  channel  between  it  and  the  breakwater,  and  that  th 
of  the  "middle  ground'-  is  now  less  than  is  shown  on  the  Coast  S 
charts  of  lS5:3-'(;2. 

In  regard  to  the  grounding  of  the  steamer  Moravian,  referred  to 
letter  of  Mr.  Farmer,  General  Thom  reports  that  it  took  place  at  loi 
and  according  to  the  tide  tables  the  depth  at  the  time  was  abo 
inches  lower  than  at  mean  low  water.    The  steamer  was  not  in  the 
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T  4. 

Headquarters  Corps  of  Engixeers, 

Wmhington^  I).  C,  June  22,  1808. 

General  :  A  copy  of  a  joint  resolution  of  Congress  of  June  5, 18G8,  in 
relation  to  the  breakwater  at  Portland,  Maine,  is  herewith  inclosed. 
You  will  please  submit  your  views  upon  the  subject  referred  to,  together 
with  estimates  for  such  excavation  as  may  be  deemed  necessary  upon 
the  Middle  Ground  near  the  breakwater,  showing  the  position,  width  and 
depth  of  such  channel  as  you  may  propose,  its  probable  cost,  and  what 
balance  from  the  appropriation  for  the  extension  of  the  breakwater  w  ill 
be  available  for  this  purpose,  and  ''for  otherwise  protecting  the  channel 
from  injury  by  filling  and  improving  the  same." 
Very  respectfully,  your  obedient  servant, 

A.  A.  HUMPHEEYS,. 
Brigadier  General  of  Engineers^  Commanding^ 

Leiut.  Col.  and  Brevet  Brig.  Gen.  Geo.  Tho3I, 

Corps  of  Engineers  J  Fortlaml.  Maine, 


Public  Resolution— No.  25. 

JOINT  RESOLUTION  in  relation  to  the  breakwater  at  Portland,  Maine. 

Be  it  resolved  by  the  Senate  and  House  of  Representatives  of  the  United  States  of  America  %» 
Congress  assemhUdy  That  so  much  of  the  unexpended  balance  of  the  appropriation  for  the 
breakwater  in  the  harbor  of  Portland,  Maine,  as  the  Chief  Eng'ineer  shall  deem  proper,  may 
be  expended  under  his  direction  in  excavating  the  **  Middle  Ground  "  near  said  breakwater, 
and  in  otherwise  protecting  the  channel  from  injury  by  filling  and  improving  the  same. 

Approved,  June  5, 186d. 


T  5. 


Headquarters  Corps  of  Engineers, 

Washington^  D.  0.,  July  2,  1868. 


General:  Your  letter  of  June  30,  relating  to  the  improvement  of  tha 
harbor  of  Portland,  Maine,  by  dredging  in  the  Middle  Ground  or  bar 
near  the  breakwater  in  furtherance  of  the  joint  resolution  of  Congress 
api)roved  June  5, 1868,  has  been  received,  and  the  ^iews  therein  set  forth 
are  concurred  in. 

The  location  and  extent  of  the  dredging  recommended  by  you  as  indi- 
cated in  the  sketch  accompanying  your  letter  is  approved,  and  you  will 
please  take  steps  for  carrying  the  work  into  execution  by  contract,  as 
required  by  the  act  making  the  appropriation.  The  general  width  of 
the  channel,  300  feet,  seems  to  be  ample,  but  the  excavation  should  be 
carried  on  to  such  a  dei)th  as  will  give  20  feet  at  mean  low  water. 

By  command  of  Brigadier  General  Humphreys. 
Very  respectfnllv,  your  obedient  servant, 

JNO.  G.  PAKKE, 
Maj.  of  Engineers,  Brevet  Maj.  General  U.  IS.  A,. 

Brevet  Brigadier  General  George  Thom, 

Lieut.  Col,  of  iJngineerSj  Partland,  Maine. 


tuu  uepiii  lu  ue  seven  leet  up  lu  naiiuweii  uria{^e,  iiuu  .^ix  leei 
to  Augusta,  in  the  lowest  stages  of  the  river,  a  greater  depth  ii( 
practicable  above  HaUowell  owing  to  the  ledge  met  w  itli  on  th^ 
In  order  to  render  this  channel  safely  navigable  for  tlie  larji:e 
of  side-wheel  steamers  which  run  on  the  river  below,  the  width 
in  my  opinion,  be  increased  to  100  feet.  Recent  surveys  show  thi 
180,000  cubic  yards  of  dredging  (measured  in  the  scows)  will  b 
sary,  which  at  40  cents  jier  cubic  yard,  (the  present  contract  pr 

for  the  work,)  will  cost 87i 

Adding  10  per  cent,  for  contingencies ' 

Total 71 

Or  say  for  the  completion  of  the  work  from  Gardiner  to 

Augusta $8( 

Por  that  portion  lying  between   Sheppard's  Point  and 
Augusta,  the  amount  appropriated  by  acts  of  Congress, 

approved  June  23,  1800,  and  March  2,  1807 ST 

Additional  appropriations  required 3( 

which  it  is  estimated  will  be  sufficient  for  completing  the  impro^ 
4Uid  can  b6  profitably  expended  during  the  fiscal  year  ending  J 
1870. 

The  character  of  the  bed  of  the  river  is  such,  that  it  is  not  p 
that  any  material  change  will  occur  in  the  channel  when  once  p 
dredged. 

Under  a  contract  made  May  23,  18G7,  with  Mr.  Augustus  K.  ^ 
(asstated in  mj'  last  annual  report,)  for  dredging  the  new  channel  t 
Sheppard's  Point  shoal  and  HaUowell  shoal,  operations  have  be 
ried  on  during  the  year,  though  very  much  impeded  by  the  un 
early  closing  of  the  river  bj'  ice  in  November,  as  well  as  by  the  < 
dinary  freshets  late  in  the  spring  of  1868.  Diu-ing  the  year  endii 
30,  18G8,  29,009  cubic  yards  have  been  removed  by  di^edging  fi 
new  channel.* 
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3.)    The  contractor  expects  to  finish  his  contract  to  the  extent  that  the 
available  amount  of  api)ropriation  will  allow,  in  the  time  required. 

TJnexi)ended  amount  of  appropriation,  June  30, 18G7 $ J:9,770  15 

-Amount   of  expenditure   (including  retained  percentage) 

during  the  fiscal  year  ending  June  30,  1808 13,199  67 

Available  balance  June  30,  1868 36,570  48 


The  following  information  called  for  by  the  act  of  Congress  making 
appropriations  for  this  work  is  supplied,  viz :  The  improvements  are 
located  in  the  collection  district  of  Bath,  Maine,  which  is  the  only  port 
of  entry  in  this  collection  district,  and  is  situated  on  the  Kennebec  river, 
about  30  miles  below  Hallowell.  The  United  States  arsenal  is  located 
at  Augusta,  on  the  left  bank  of  the  Kennebec,  and  Fort  Popham  is  at 
the  mouth  of  the  river,  about  40  miles  below  Hallowell.  Seguin  and 
Pond  Island  light-houses  are  near  the  mouth  of  this  river. 

The  amount  of  revenue  collected  at  Bath  (the  port  of  entry)  for  the 
fiscal  year  ending  June  30,  1868,  is  $28,854  85.  The  amount  of  coni- 
merce  and  navigation  that  would  be  benefited  by  the  completion  of  the 
proposed  river  improvement  (as  copied  from  my  last  annual  report)  is  as 
follows,  viz : 

The  whole  tonnage  of  this  district  is  something  over  80,000  tons,  all 
of  which  would  be  more  or  less  benefited  by  the  improvement  of  the 
navigation  of  the  Kennebec.  The  works  near  the  mouth  of  the  river, 
such  as  Fort  Popham,  Seguin  and  Pond  Island  lights,  are  designed  for  the 
benefit  of  the  whole  district. 

The  improvements  proposed  between  Augusta  and  Gardiner  would 
more  particularly  benefit  vessels  bound  to  and  leaving  those  ports,  and 
the  completion  of  the  work  doubtless  cause  great  increase  of  business  at 
those  points. 

One  steamboat  has  plied  between  Hallowell  and  Boston,  and  one 
between  Gardiner  and  Boston  during  the  past  season,  carrying  many  pas- 
sengers and  much  freight.  These  steamers  would  extend  their  trips  to 
Augusta  if  the  contemplated  improvement  is  nmde. 

The  arrivals  at  Hallowell  and  Augusta  in  1865  were  42  coastwise  and 
five  foreign  vessels. 

At  Gardiner,  four  miles  below  Sheppard's  Point,  the  arrivals  were  223 
coastwise  and  10  foreign  vessels. 

During  the  i>ast  j^ear  this  trade  has  somewhat  increased. 

The  following  described  papers  are  appended  hereto,  to  wit : 

1.  Abstract  of  proposals. 

2.  Abstract  of  contracts. 

3.  Copy  of  notice  inviting  proposals  for  dredging. 

GEOEGE  THOM, 
Lieut.  Col.  of  JEngineers,  Bvt.  Brig.  Gen.  U.  IS.  A. 

United  States  Engineer  Office, 

Fortlundj  Maine^  July  1,  1868. 
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No.  1. 
Abstract  of  proposals  received  for  the  improvement  of  Kennebec  river  ^  Mah 


Nature  of  work. 

No.  for  reference. 

Names  of  bidders. 

1 

Amount  bid 
for. 

5 

s 

o 

Ml 

Dredging     a    new    channel 
through  Britt's  shoal  and 
Gage's  shoal  between  Hal- 
lowell  and  Augusta,  Maine. 

1 
2 
3 

A.  B.  Cooley  &  Co.,  Phil- 
adelphia,  Penn. 

Jonas- H.  Perlej,  Portland, 
Maine. 

Augustus R.  Wright,  Gene- 
va, New  York. 

Cubic  yards, 
45,0(>0  (more 

or  less. ) 
45,000  (more 

or  less. ) 
45,000  (more 

or  less. ) 

1 

i 

GEORGE  THOM, 
Lieut,  Col.  of  Engineers^  Bvt,  Brig.  Gem.  V.  S.  i 


]S^o.  2. 
Abstract  of  contracts  made  for  improvement  of  Kennebec  river  j  2faim 


Nature  of  work. 

• 
(J 

a 

£ 

im 

t2 

• 

Name  of  contractor. 

Quantity. 

1 

i] 

e 
u 

PL. 

Dredging    a     new    channel 
through  Britt's  shoals  and 
Gage's  shoal,  between  Hal- 
lo well  and  Augusta,  Maine. 

1 

Augustus  R.  Wright,  Gene- 
va, New  York. 

Cubic  yards. 
45,000  (more 
or  less  ) 

$0 

GEORGE  THOM, 
Lieut.  Col.  of  Engineers f  Bvt.  Brig.  Gen.  V.  S.  A 


]S^o.  3. 

Proposals  will  be  received  at  this  office  until  3  o'clock  p.  m., 
Wednesday,  the  20th  imstaiit,  for  dredging  a  new  channel  in  Kenuel 
river,  through  Britt's  shoal  and  Gage's  shoal,  between  Hallowell  a 
Augusta,  Maine,  requiring  45,000  cubic  yards,  more  or  less,  of  dred^r 
The  channel  will  be  exca\'ated,  first  through  Britt's  shoal,  and  then 
upward  toward  Augusta ;  and  the  material  excavated  will  be  deposit 
in  such  places  and  in  such  manner,  in  the  river,  as  may  be  requii-eil  1 
the  engineer  m  c\iar^e. 
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Bidders  will  state  the  price  per  cubic  yard,,  to  be  measured  in  the  scows^ 
^hich  will  also  include  the  depositing  of  the  material  a«  required.  The 
^ork  m\ist  be  couinienced  a«  soon  as  practicable  after  the  approval  of 
the  contract,  and  be  completed  not  later  than  the  20th  of  November  next. 

Pa^Tuents  will  be  made  monthly,  20  per  cent,  to  be  reserved  there- 
from until  the  whole  work  is  satisfactorily  completed,  and  be  forfeited 
in  the  event  of  the  non-fulfillment  of  the  contract  in  the  time  and  manner 
requiretl. 

The  undersigned  reserves  the  right  to  reject  the  bid  of  any  person 
w  ho,  there  is  reason  to  believe,  will  not  faithfully  and  promptly  perform 
the  contract,  as  well  as  all  informal  and  unreasonable  bids. 

Persons  desiring  to  make  proposals  will  please  call  on  the  under- 
signed, at  his  office  in  Morton  block,  in  Congress  street,  for  forms  of 
same,  and  for  more  definite  information  as  to  the  conditions  imposed  on 
bidders  and  contractors,  if  desired ;  and  on  transmitting  their  bids  will 
indorse  thereon  "Proposals  for  dredging  Kennebec  river." 

GEOKGE  THOM, 
Lieutenant  Col.  of  Engineers^  Bvt.  Brig.  Oen.  V.  S.  A. 

United  States  Engineer  Office, 

Fortlandj  Maine^  January  15, 1868. 


T  7. 

Headquarters  Corps  of  Engineers, 
Wasliington^  B.  C,  January  10,  1868. 

General  :  Your  letter  of  the  7th  instant  is  received.  Your  views 
concerning  the  improvement  of  the  Kennebec  river  are  concurred  in  by 
these  headquarters,  and  your  recommendation  that  a  depth  of  six  feet 
be  adopted  for  the  channel  above  Hallowell,  and  also  your  proposed  plan 
of  improvement,  viz.,  ^'by  dredging  a  new  channel  through  Britt's  shoal 
and  Gage's  shoal,  having  a  width  of  75  feet  on  its  bottom  and  a  depth 
of  six  feet  in  the  lowest  stages  of  the  river,''  are  approved. 

Y^ou  are  authorized  to  advertise  for  proposals  for  the  dredging  required, 
the  measurement  to  be  made  in  the  scows,  &c. 
By  command  of  Brigadier  General  Humphreys. 
Very  respectfully,  your  obedient  servant, 

J.  C.  WOODRUFF, 
Lieut,  Colonel  of  Engineers^  Bvt.  Brig.  Gen.  U.  S.  A. 

Brevet  Brig.  Gen.  George  Thom, 

Lieutenant  Colonel  of  Engineer 8 ^  Portland^  Me, 


T  8. 

IV. — Report  on  the  improvement  of  the  navigation  of  St.  Croix  river 
above  the  ledge^  for  the  year  ending  June  30,  1868,  by  Brevet  Brigadier 
General  George  Thonij  lieutenant  colonel  of  engineers. 

By  an  act  of  Congress  approved  March  2, 1867,  the  sum  of  $15,000 
was  api)ropriated  for  the  imi)rovement  of  this  river,  *' Provided,  the 
province  of  New  Brunswick  shall  contribute  and  pay  to  the  proper  dis- 
bursing officer  a  like  sum  for  said  purpose ;  said  payment  being  made 
on  condition  that  in  no  event  shall  the  province  of  Xew  Brunswick  ha 
called  upon  for  more  than  one-half  the  sum  actually  expended  fo\:  ^v\\^ 
puriiose.'' 


Total 99,( 

Deducting  one-half  if  i>aid  by  the  province  of  New  Bruns- 
wick       49, 

49y 
Amount  appropriated  by  act  of  Congress  approved  March  2, 
18G7 15, 

34, 

Additional  amount  required,  say,  $35,000,  which  amount  co 
profitably  expended  ui)on  the  work  during  the  fiscal  year  ending 
30,  1870. 

The  foUoAviug  information  is  supplied  in  compliance  with  the  r 
ments  of  the  act  of  Congress  making  an  ap])ropriation  for  this  wo; 

The  contemphited  improvements  of  the  8t.  Croix  river  above  thi 
are  within  the  collection  district  of  Pa^ssamaquoddy,  and  near  tl 
torn-house  in  Calais.  There  is  no  United  States  light-house  now 
near  this  place,  the  nearest  being  in  the  vicinity  of  EawStport, 
about  30  miles  below.  There  is  no  fort  in  the  immediate  viciuit, 
Sullivan,  also  at  Eastpoi-t,  being  the  nearest. 

The  amount  of  duties  collected  at  the  custom-house  in  Calais, 
fiscal  year  ending  June  30, 1868,  was  823,387  30. 

The  amount  of  commerce  and  navigation  that  would  be  beuef 
these  improvements,  consist  of  about  1,000  vessels,  probably  ave 
about  100  tons  each,  which  arrive  at  this  port  annually,  behig 
pally  engaged  in  the  coasting  trade. 

GEORGE  THOM, 
Lieut  Col,  of  Engineers^  Brevet  Brig.  Gen,  U.  < 

United  States  Engineer  Office, 

Portland^  Maine^  July  1,  1868. 
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December,  it  extended  only  so  far  as  to  enable  me  to  form  an  approxi- 
mate estimate  of  the  nature  and  extent  of  the  operations  required  for 
the  improvement  of  the  river  between  Shepard's  Point  and  Augusta, 
Maine,  for  which  an  appropriation  had  been  made  under  the  same  act 
[>f  Congress.  During  the  past  year  this  survey  was  resumed  and  com- 
pleted from  Gardiner  up  to  Augusta,  thereby  furnishing  very  reliable 
data  for  an  estimate  of  the  w  ork  of  improvement  between  those  points. 

The  improvement  of  this  river  consists  in  straightening  and  deei)ening 
the  channel  by  dredging  through  the  several  shoals  which  obstruct  its 
navigation.  This  new  channel  is  being  dredged  between  Shepard's 
Point  and  Augusta,  to  a  width  of  75  feet  on  its  bottom,  with  sides  having 
*  slope  of  two  feet  to  one  foot  rise,  and  seven  feet  in  depth  up  as  far  as 
Hallowell  bridge,  and  thence  to  Augusta  bridge  six  feet  in  dei)tli  in  the 
low^est  stages  of  the  river,  a  greater  depth  not  being  practicable  owing  to 
the  ledge  met  w  ith  on  the  shoal  above  Hallow  ell.  But  in  my  opinion  the 
width  of  this  channel  should  be  increased  to  100  feet,  so  as  to  render  it 
safely  navigable  for  side-wheel  steamers  of  the  largest  class,  now 
loinning  on  the  river  below. 

The  more  recent  survey  shows  that  for  a  channel  of  this  width,  from 
Gardiner  to  Augusta,  will  recpiire  about  180,000  cubic  yards  of  dredg- 
ing, (measured  in  scows,)  which,  at  40  cents  per  cubic  yard,  (the  present 

contract  price  for  the  work,)  would  amount  to. $72,000  00 

Adding  10  per  cent,  for  contingencies 7,200  00 

70,200  00 

Say 80,000  00 

By  acts  of  (JongTcss  approved  June  23,  1866,  and  March  2, 
1867,  there  has  been  appropriated  for  a  portion  of  this  work 
l^\iug  between  Shepard's  Point  and  Augusta  the  sum  of. . .    50,000  00 


So  that  the  additional  amount  of 30,000  00 

will  be  required  for  its  completion. 


Accompanying  this  are  six  sheets  showing  the  results  of  the  hydro- 
graphic  survey  of  this  river.  Five  of  them,  on  a  scale  of  yoVo?  show  the 
river  and  i)roposed  channel  in  sections,  and  the  other  sheet,  on  a  scale  of 
Yokoo,  shows  the  same  entire. 

The  following  information,  called  for  bj'  the  act  of  Congress  providing 
for  this  survey,  is  supplied,  viz : 

The  improvements  are  located  in  the  collection  district  of  Bath, 
Maine,  w  Inch  is  the  only  port  of  entry  in  this  collection  district,  and  is 
situated  on  the  Kennebec  river,  about  30  miles  below  Hallowell.  The 
United  States  arsenal  is  located  at  Augusta,  on  the  left  branch  of  the 
Kennebec,  and  Fort  Popham  is  at  the  mouth  of  the  river,  about  40 
miles  below  Hallowell.  Seguin  and  Pond  Island  light-houses  are  near 
the  mouth  of  this  river. 

The  amount  of  revenue  collected  at  Bath  (the  port  of  entry)  for  the 
fiscal  year  ending  June  30,  1868,  is  $28,854  Sr). 

The  amount  of  commerce  and  navigation  that  w^ould  be  benefited  by 
the  completion  of  the  proposed  river  improvements  (as  copied  from  my 
last  annual  report )  is  as  follows,  viz : 

The  whole  tonnage  of  this  district  is  something  over  80,000  tons, 
all  of  which  |would  be  more  or  less  benefited  by  the  improvement  of 
the  navigation  of  the  Kennebec.    The  works  near  the  moatb  of  t\\.vii 


GEORGE  THOM, 
Lieut  Col.  of  Engineers,  Bvt,  Brig.  General  U,  »S. 

United  States  Engineer  Office, 

Portland  J  Maine^  July  1, 1868. 


T  10. 

Beport  on  the  surrey  of  Penobscot  river  above  Hampden^  Maine^  mi 
posed  plan  for  the  improveinent  of  its  navigation  and  an  estimate 
cost  J  by  Brevet  Brigadier  General  George  Thorn  j  Lieutenant  Coloi 
Engineers. 

The  survey  of  Penobscot  river  above  Hampden,  Maine,  ordered  i 
^'  An  act,  approved  June  23,  1806,  making  appropriations  for  the  n 
preservation,  and  completion  of  certain  public  works,"  &c.,  wa.s  i 
in  my  charge  in  November,  1866,  too  late  in  the  season  to  conn 
work  ui>on  it. 

By  an  arrangement  made  in  April  last  with  Professor  Peirce,  s 
intendent  of  the  United  States  Coast  Survey,  a  surveying  part 
assigned  by  him  to  this  work,  under  the  charge  of  Mr.  James  A. 
van,  sub-assistant  United  States  Coast  Survey,  with  instruotio 
report  to  me  for  such  surveys  and  observations  as  I  should  ind 
On  the  29th  of  June,  when  Mr.  Sullivan  reported  to  me,  1  gave  him 
instructions  as  I  thought  necessary  (see  Appendix  T  11)  to  ascei-tai 
nature,  extent,  and  cause  of  the  existing  obstructions  to  the  navi^ 
of  the  river  between  Hampden  and  Bangor,  "  and  to  i)rocure  the 
mation  necessary  to  make  an  estimate  of  the  cost  of  the  remova 
prevention  of  those  obstnictions.'*  Additional  instiactions  were  :? 
quently  given  to  him  as  occasions  arose  during  the  progress  c 
survey. 
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^ent  laws,  the  navigation  of  this  river  will,  at  no  distant  day,  be  entirely 
)bstnicted  above  Hanii)den,  and  probably  still  lower  down.  At  present 
hese  obstructions  lie  i)riiicipally  between  Seven  Pine  Point  (a  short  dis- 
tance above  Crosby's  Narrow  s)  and  Independence  Rock,  in  the  harbor 
)f  Bangor — a  distance  of  three  and  one-half  miles ;  covering  an  area  of 
ibout  320  acres  to  an  average  depth  of  10  feet,  being,  in  some  locations, 
nore  than  18  feet  in  depth.  These  deposits  form  an  entangled  mass, 
lie  solid  contents  of  which  exceed  5,000,000  cubic  yards.  The  depth 
)f  these  deposits  has  been  ascertained  by  numerous  borings,  carefully 
nade  with  iron  rods. 

From  all  these  examinations  it  has  been  ascertained  that  the  river, 
nstead  of  ha\ing,  as  formerly,  a  wide,  clear,  and  unobstructed  channel 
>f  three  fathoms  in  depth,  at  low  water,  all  the  way  up  to  Bangor,  has 
low  a  narrow,  tortuous,  and  uncertaiil  channel,  with  but  eiglit  or  nine 
eet  of  water,  at  lowest  water.  The  loicest  water,  in  dry  seasons,  it  is 
itated,  is  about  three  feet  lower  than  the  mean  low  water  observed  dur- 
ng  the  survey.  The  ordinary  rise  and  fall  of  the  tide  at  Bangor  is  from 
L2 J  to  13  feet,  approximately. 

Tliere  are  also  obstructions  in  the  Penobscot  below  Hampden,  in 
he  vicinity  of  Winterport,  at  Indian  Point,  above  Bucksport,  and  at 
Diphan's  island,  where  bars,  composed  more  or  less  of  sawdust,  are  said 

0  be  forming  and  rapidly  increasing.  In  addition  to  these  obstruc- 
ions,  there  are  several  rocks  in  the  harbor  of  Bangor,  which  are  very 
langerous  to  navigation,  the  most  important  of  which  are : 

1.  Independence  Rock,  below  and  near  the  lower  end  of  the  planing- 
nill  wharf.  This  rock  appears  to  be  a  continuation  of  the  ledge  at  the 
steamboat  wharf.  It  projects  about  six  feet  (on  an  average)  above  its 
general  base,  for  a  length  of  about  fifty  feet,  the  highest  point  having 
ess  than  two  feet  of  water  upon  it  in  the  lowest  stages  of  the  river, 
here  having  been  but  four  feet  upon  it  at  mean  low  water  during  the 
>urvev. 

2.  The  ledge  at  the  steamboat  wharf.  This  is  about  30  feet  long,  with 
in  average  depth  on  its  top  of  about  Ave  feet  below  the  viean  low  icater 
observed  during  the  survey ;  the  highest  point  of  the  rock  having  not 
nore  than  two  feet  of  water  upon  it,  in  the  lowest  stages  of  the  river. 

3.  Gulliver's  Rock,  abreast  of  steambo<at  wharf.    This  is  apparently 

1  boulder,  containing  about  six  cubic  yards. 

4.  Ledge  in  the  channel  near  Green's  pier,  and  distant  about  45  feet 
o  the  eikstward  of  the  pier.  This  ledge  is  about  15  feet  long  on  its  top, 
md  has  about  eight  feet  of  water  upon  it  in  the  lowest  stages  of  the 
iver. 

All  these  ledges  have  been  examined  and  surveyed,  with  the  aid  of  a 
lubmarine  partj^,  and  their  dimensions  and  positions  have  been  care- 
ully  determined.  In  addition  to  these,  there  are  several  boulders  scat- 
4?red  over  the  bed  of  the  river. 

The  importance  of  this  river  and  the  harbor  of  Bangor  (which  is  at 
he  head  of  its  navigation)  can  well  be  understood  on  referring  to  the 
iccompanyiug  letter  from  Hon.  John  H.  Rice,  collector  of  customs  at 
iangor,  Maine,  (see  Appendix  T  8,)  in  which  he  fnrnishes  valuable  and 
eliable  statistics  concerning  its  commerce.  The  benefit  that  would  be 
lerived  from  the  improvement  of  its  navigation  would  be  almost  incal- 
culable could  it  be  restored  to  its  original  condition.  This,  however, 
v'ould  involve  the  expenditure  of  millions,  which  it  would  not  be  advi- 
sable to  do.  Kor  would  it  be  advisable  to  undertake  its  improvement  to 
my  extent  whatever  unless  the  general  government,  l)y  suitable  and 
itringent  legislation,  can  and  will  protect  its  navigable  w^t^Y*^  ^yotcol 
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injury  and  ruin.  The  same  cause  which  has  produced  the  vast  depos 
in  Penobscot  riv^er  is  still  in  operation,  and  continues  to  increase  tlv 
deposits;  and  so  it  is  witli  nearly  all  the  navigable  rivers  in  Maine.  It 
therefore,  urgently  and  respectfully  recommended  that  this  matter 
brought  to  the  attention  of  Congress  at  an  early  day,  with  a  viev 
securing  such  legislation  as  will  hereafter  effectually  protect  the  r 
gation  of  all  its  na\i gable  waters. 

Any  plan  to  be  considered  for  improving  the  navigation  of  this  i 
must  embrace,  first,  the  removal  of  the  deposits  above  Hampden,  s 
to  open  a  new  channel  of  sufficient  capacity  for  navigation ;  and  sec 
the  removal  of  the  sunken  rocks  in  the  harbor  of  Bangor. 

The  depth  of  this  channel  must  be  conlined  within  two  limits, 
the  greatest  desired  depth  of  water  which  can  be  had  up  to  Bai 
(i.  e,j  three  fathoms  in  the  lowest  stages,)  and  two  fathoms,  which  h 
more  than  is  required  for  the  ordinary  commerce  of  the  river, 
width  of  the  channel  should  not  be  less  than  150  feet,  which  woul 
no  more  than  sufficient  to  enable  two  vessels  of  ordinarv  size  to 
each  other. 

The  following  estimates  are  submitted  for  channels  12  and  18 
in  depth,  in  the  lowest  stages  of  the  water,  and  150  feet  in  widtl 
tween  Seven  Pine  Point  and  Bangor,  (a  distance  of  3^  miles,)  viz: 

1. — 12  FEET   CHANNEL. 

For  excavating  100,000  cubic  yards  slabs,  edgings,  and 
sawdust,  (to  be  deposited  20milesbelow)at$lpercubic 
yard $100,00 

For  excavating  Independence  Rock  to  its  base  12  feet  be- 
low low  water,  212  cubic  yards,  at  $35  per  cubic  yard  .  7,42 

For  excavating  ledge  at  steamboat  wharf,  to  its  base,  a 
depth  of  12  feet  below  the  lowest  water,  80  cubic  yards, 
at  $35  per  cubic  yard ] 2, 80 

For  removing  Gulliver's  Rock,  6  cubic  yards,  at  $35  per 
cubic}  ard 21 

For  excavating  ledge  near  Green's  pier,  to  a  depth  of  12 
feet  below  lowest  water,  18  cubic  yards,  at  $35  per 
cubic  yard 63 

111,  m 
Add  10  per  cent,  for  contingencies 11, 10 

■ 

Total 122, 10 

Or  (say)  $125,000. 

2. — 18  FEET  CHANNEL. 

For  excavating  500,000  cubic  yards  slabs,  edgings,  and 
sawdust,  (to  be  deposited  20  miles  below,)  at  $1  per  cubic 
yard $590,00 

For  excavating  Independence  Rock,  as  above,  212  cubic 
y^ards,  at  $35  per  cubic  yard 7, 42< 

For  excavating  ledge  at  steamboat  wharf,  as  above,  80 

cubic  yards,  at  $'S5  per  cubic  j^ard 2,  S0( 

For  removing  Gulliver's  Rock,  6  cubic  yards,  at  $35  per 

cubic  yard 21( 
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•"or  excavating  ledge  near  Green's  pier  to  a  depth  of  18  feet 
below  the   lowest  water,  50  cubic  yards,  at  $35  per 

cubic  yard $1,  750  00 

602, 180  00 

Ldd  10  per  cent,  for  contingencies GO,  218  00 

Total 6G2, 398  00 


)r  (say)  $665,000. 

To  effect  a  "  permanent  completion  of  the  work  ^  will  be  impossible, 
nless  by  some  stringent  and  effectual  legislation,  on  the  part  of  the 
)tate  or  general  government,  the  slabs,  edgings,  and  sawdust  are  pre- 
euted  from  being  throw^n  into  the  river  from  the  saw-mills,  which  is 
till  being  done  to  the  great  injury  of  the  navigation  of  the  river. 

Should  an  appropriation  be  made  for  this  improvement,  the  sum  of 
»75,000  could  be  profitably  expended  upon  it  during  the  next  fiscal  year. 

Tlie  following  additional  information  is  furnished  in  compliance  with 
he  law  of  Congiess  providuig  for  this  survey. 

It  is  in  the  collection  district  and  port  of  Bangor,  Maine. 

Fort  Knox  (which  is  one  of  the  largest  forts  in  the  United  States)  is 
»eing  built  for  the  protection  of  this  river  and  the  harbor  of  Bangor.  It 
s  located  on  its  right  bank,  about  20  miles  below  Bangor. 

At  Fort  Point,  which  is  about  six  miles  further  down,  at  the  mouth  of 
he  river,  there  is  a  government  light-house. 

The  amount  of  revenue  collected  at  Bangor  during  the  fiscal  year 
nding  June  30,  1867,  was  $54,697  09. 

As  to  the  ''  amount  of  commerce  and  navigation  that  woidd  be  bene- 
ited  by  the  completion"  of  the  proposed  work,  I  respectfully  refer  you 
o  the  letter  of  Hon.  John  H.  Rice,  United  States  collector  of  customs, 
,t  Bangor,  (see  Appendix  C,)  in  which  the  requisite  information  is 
ery  fully  stated. 

GEORGE  THOM, 
Lieut.  Col,  Engmeers^  Bvt  Brig,  General  U.  8.  A. 

United  States  Engineer  Office, 

Fortland,  Maine,  November  16, 1867. 


T  11. 

United  States  Engineer  Office, 
^  Portland^  Maine,  June  29,  1867. 

Sir  :  Having,  as  directed  by  the  Superintendent  of  the  United  States 
^oast  Survey,  reported  to  me  for  instructions,  for  the  survey  of  Penob- 
cot  river,  Maine,  under  an  arrangement  made  with  the  engineer  depart- 
aent  at  Washington,  you  will  i)lease  proceed  with  that  work  as  soon  as 
our  aiTangements  are  perfected  therefor. 

A  law  of  Congress  requires  the  Penobscot  river  to  be  surveyed  above 
lanipden,  Maine.  The  object  of  the  survey  is  to  ascertain  the  nature, 
xtent,  and  canse  of  the  existing  obstructions  to  the  navigd4^ion  of  the 
iver  between  Hampden  and  Bangor,  and  to  procure  the  informjition 
lecessary  to  make  an  estimate  of  the  cost  of  the  removal  and  preveu- 
ion  of  .those  obstructions. 

These  obstructions  are  reported  to  be  of  two  kinds: 

"Ist.  Rocks. 

"2d.  Bars  which  are  forming  across  the  river. 


river,  narrowing  the  channel  and  thereby  renuernig  the  uavigatK 
cult,  and  threatening  in   time,  unless  anested,   to  close  the  < 
altogether  for  the  larger  class  of  vessels.    There  are  three  of  thei 
Going  down  the  river,  the  first  is  just  below  the  city  of  Bangor; 
ond  is  at  Hampden ;  the  third  is  at  Winterport. 

''These  bars  are  formed  by  slabs,  edgings,  and  sawdust,  whicli 
the  sediment  carried  down  by  the  river,  and  cause  its  deposit, 
come  down  the  river  from  the  saw-mills  above  Bangor,  from  0 
and  above,  which,  meeting  the  flood  tide,  are  checked  in  their 
collected  in  gre^it  masses  in  the  eddies  of  the  river,  and  finally  sh 
senting,  where  they  can  be  seen,  at  low  water,  a  tangled  mass 
material  which  will  be  difficult  to  remove. 

"  It  may  be  observed  that  the  saw-mills  at  Bangor  do  not  iiiji 
river.  There  is  a  market  there  for  all  their  slabs  and  edgings  f 
wood,  and  the  sawdust  is  shipped  for  packing  ice  or  other  pii 
Such  is  not  the  case,  however,  above  tide- water,  where  water-pc 
used  for  driving  the  mills,  and  where  there  is  no  market  for  firewo 
no  facilities  for  shipping  the  sawdust.'' 

In  making  the  survey  of  this  river  you  will  please  connect  i 
such  Coast  Survey  points  as  will  make  it  available  for  future  Coast  S 
purposes,  so  far  as  it  goes. 

The  following  memorandum  will  indicate  to  you  the  nature  and 
of  the  survey  that  is  required  for  the  purposes  above  named. 

The  shore  lines  to  be  run,  and  the  soundings  to  be  made  in  tlu 
manner — all  to  be  plotted  on  a  scale  of  jo^^o'  Tide-gauges  to  be 
lished  at  Hampden  and  Bangor ;  and  observations  to  be  made  tc 
mine  the  times  and  heights  of  high  and  low  water,  for  the  purj] 
reducing  the  soundings  in  the  river.  Level  lines  to  be  riui,  conn 
the  two  tide-gauges  with  the  ordinary  and  freshet  high  and  low 
marks,  and  benches  to  be  established  for  future  reference. 

Occasional  borings  to  be  made  to  determine  the  nature  and  exi 
the  deposits  in  the  river  bottom,  where  bars  or  other  obstructions 
and  all  rocks,  sunken  or  exposed,  lying  in  the  channel  or  in  an 
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T12. 

llALLOWELL,  MAINE,  October  31, 1807. 

ERAL  :  lu  accordance  with  the  letter  of  instractious  of  Professor 
nil!  Peirce,  LL.  D.,  Siiperinteiulent  United  States  Coast  Survey, 
June  19,  informing  nie  that  the  engineer  department  had  "  re- 
d  a  survey  of  the  Penobscot  river  from  Hampden  to  Bangor,  to 
le  with  reference  to  plans  and  estimates  for  the  improvement  of 
er,''  and  directing  me  to  report  to  you  to  make  such  surveys  and 
ations  as  you  would  indicate  ;.and  having  learned  through  your 
of  instructions,  dated  June  29,  the  precise  scope  of  the  work ; 
s  also  directed  by  the  Superintendent,  having  called  upon  the 
or  such  data,  projections,  and  instruments  as  would  be  required, 
i^ortland  for  Hampden  the  evening  of  July  9,  axS  soon  as  jmssible 
eceiving  the  necessary  data,  &c.,  to  make  the  survey  desired, 
l-work  was  commenced  at  Hampden  in  the  afternoon,  July  10. 
ays  occurred ;  the  survey  of  the  shore-line,  wharves,  and  principal 
of  the  river,  from  a  point  one  and  one-half  mile  below  Hampdeii 
g  to  the  bridge  at  Bangor,  was  completed  August  13. 
able  tidal  observers  having  been  stationed  at  Hampden  and 
r,  simultaneous  observations  of  tides  commenced  August  16,  and 
continued  every  15  minutes,  during  the  daytime  only,  as,  there 
a  considerable  fieshet  in  the  river,  it  was  not  considered  neces- 
0  obtain,  as  a  plane  of  reference  for  soundings,  other  than  the 
of  high  and  low  water  during  the  days  on  which  soundings 
aken.  This  plane  was  subsequently  referred  to  that  of  the  lowest 
:nown  in  the  river. 

idings  were  commenced  August  20,  and  finished  September  2, 
ing  the  location  of  eight  buoys  as  guides  to  subsequent  examina- 
»f  rocks  and  bars. 

examination  of  bars  by  boring  was  commenced  September  6,  and 
lied  until  the  party  was  discjharged,  October  8 ;  interrupted,  how- 
o  assist  in  the  submarine  examination  of  rocks,  September  11 


I 


>ber  23  to  October  31,  inclusively,  the  examination  by  boring  was 
lied  in  localities  in  the  vicinity  of  Hampden, 
submarine  examinations  were  made  by  the  Messrs.  Wiley,  of  Sea- 
New  Hampshire,  employed  by  you  for  this  purpose,  in  a  very 
ctory  manner. 

iVelis  Simpson,  of  Hampden,  who  was  engaged  by  you  as  foreman 
crew  employed  in  examinations  by  boring,  discharged  his  respon- 
uties  in  a  faithful  and  efficient  manner.  Whatever  value  will  be 
ed  to  the  results  of  this  part  of  the  work  is  due  to  his  skill  and 

• 

statistics  of  the  survey  are  as  follows,  viz : 

TOPOGRAPHY. 

chores  lines  surveyed 17.6 

ivharves  suiveyed 6.7 

'oads  surveyed 1.8 

'ences  surveyed 6.0 

if  country  as  usually  estimated,  square  miles 3.0 

HYDROGRAPHY. 

5r  of  lines  of  soundings 224 

iv  of  soundings 3^  779 

er  of  points  fixed  by  angles ^"^ 


• 


i' 


ti 


of  the  river.  The  shore  line  and  poiuts  determined  for  hydrop 
piuposes  were  transferred  from  the  topojoriaphical  sheet  to  this  pre 
upon  which  the  notes  of  soundings  were  plotted. 

The  hirger  circles  in  red  mark  tlie  positions  of  the  points  det< 
by  trianguhition  in  18G3  and  18()4:  for  the  Coast  Survey  work 
vicinity.  This  survey  is  based  upon  these  poiuts.  Thomi 
station  is  one  of  the  points  of  the  primary  triangulation,  and 
pier  is  the  position  of  the  observatory  for  astronomical  deteni 
of  latitude  and  lon^tude  for  the  primary  work. 

The  small  circles  in  red  upon  the  shore  line  mark  the  i>oint 
mined  for  use  in  sounding: ;  similar  circles,  in  the  channel  of  th 
the  pdsitions  at  which  sextant  angles  were  taken  while  soundiu 
letters  ''  a  "  to  "  g,  ^  and  numbers  by  which  they  are  designated,  i 
the  note-books,  to  the  particular  day's  work.  Other  circles  of  tl 
color,  distinguished  by  lioman  numerals  in  red,  show  thepositioi 
buoys  placed  on  bars  and  rocks. 

The  snmll  circles  in  black  are  the  points  at  which  examinatio 
made  by  boring.    The  Roman  numerals  in  black  refer  to  the 
borings,  wliere  a  description  is  found  of  the  depth  and  characte 
deposits. 

The  dotted  line  in  black  within  the  shore  line  marks  the  curv< 
l>lane  of  reference  of  the  soundings.  A  reduction  of  thi^e  fe 
be  made  to  reduce  the  depths  given  on  this  sheet  to  the  plaw 
lowest  tides  knoAvn. 

The  green,  red,  and  blue  lines  denote,  respectively,  the  6, 12, 
feet  curves. 

The  depths  are  given  in  feet  within  the  18-feet  curve  ;  wl 
depth  is  great<?r  than  18  feet,  it  is  given  in  fathoms  and  fract 
fathoms  in  feet. 

The  heavy  blue  [yellow]  line,  in  pencil,  marks  the  location  oi 
posed  improvement  of  the  navigation  of  the  river;  for  conveni 
reference,  in  this  report,  attention  is  called  to  certain  i^ortions 
river  by  brackets  in  blue,  in  pencil,  numbered  I  to  VI. 
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fou  will  observe,  also,  that  above  CrosTljy's  Narrows  the  deeper 
ter  follows  the  western  shore,  which  is  bold  and  rocky,  until,  abreast 
stern's  mill,  it  crosses  the  stream  at  nearly  a  right  angle  to  its  course; 
nee,  above  WiswelPs  wharf,  it  hugs  the  eastern  shore,  also  bold  and 
ky,  to  the  south  point  of  the  cove  below  South  Brewer,  where  it  crosses 

stream  diagonally  to  tlie  bold,  rocky  point  called  Emery's  Point, 
reast  of  Edmonds's  (now  Blunt's  and  Hinman's)  mill  and  Palmer's  mill 

deei)er  water  disappears.  For  quite  a  distance  the  river  is  quite 
►al,  the  original  channel  being  completely  tilled  up  by  dei)08its.  The 
per  water  appears  again  at  Severence's  Point,  on  the  ea8tern  shore; 
nee  it  crosses  the  stream  diagonally  to  Low's  ledge,  above  which  it 
fcin  disiippears. 
•"rom  the  bridge  to  Low's  ledge  there  is  at  present  a  fall  in  the  bed  of 

river  of  about  six  feet.  It  is  probable  that  the  original  bed  of  the 
3r  was  not  reached  by  the  lead  off  the  ledge,  as,  wherever  the  pres- 

bed  of  the  river  has  been  examined,  in  the  existing  channel  there 
I  been  found  a  deposit  of  sawdust  varjing  in  depth.  As  a  depth  of 
feet  wa«  found  a  short  distance  below  the  bridge,  upon  the  original 
I  of  the  river,  it  is  probable  that  the  natural  fall  between  these  points 
rom  9  to  12  feet. 

t  is  inferred  that  there  was  once  an  average  depth  of  water  in  the 
3r,  from  Snow's  Point  to  Low's  ledge,  of  about  four  and  a  half  fathoms 
ow  mean  low  tide ;  that  the  shores  were  bold  and  the  bed  of  the 
3r  level,  with  a  gravelly  bottom,  and  the  navigation  unobstructed. 

3  old  soundings  give  the  same  average  depth  between  Orphan's 
nd  and  the  main  land  below  Fort  Knox. 

^'he  navigation  of  the  river  depends  upon  this  body  of  water  below 
mean  level  of  the  sea.  Displace  it  by  obstructions,  and  the  natural 
fcers  of  the  river  find  their  way  to  the  sea,  passing  over  or  meandering 
ough  the  deposits  at  low  tide,  without  sufficient  force  to  dislodge 
ni,  and  the  river  will  become  unnavigable  exce^iting  for  the  smaller 
J8  of  vessels,  and  only  at  least  at  half  tide. 

t  will  be  observed  that  the  river  is  at  least  four-fifths  filled  with 
tructions  within  the  limits  of  the  survey.  These  obstructions  are  of 
}  kinds : 

St.  Rocks. — The  rocks  which  obstruct  the  navigation  of  the  river  are 
:he  harbor  of  Bangor. 

ndependence  Rock,  the  more  important,  is  a  projecting  ledge  of  con- 
arable  extent.  Numerous  boulders  are  banked  up  around  it,  and 
end,  to  a  greater  or  less  extent,  to  the  ledge. at  the  steamboat  wharf, 
ich  appears  to  be  a  projection  of  the  same  strata.  The  steamboat 
ipany  has  partially  removed  the  ledge  at  the  wharf,  since  the  survey 

4  made,  to  extend  the  wharf  southward.  Abreast  of  what  is  now  the 
th  corner  of  the  steamboat  wharf,  and  So  feet  distant,  is  Gullivers 
3k,  which  is  api)arently  a  boulder  eight  feet  by  four  feet  by  five  feet, 
ty  yards  north  of  this  is  another  small  boulder.  Around  these  ledges 
I  boulders,  in  fact,  everywhere  upon  the  bed  of  the  river,  the  div^ers 
•e  up  to  their  knees  in  sawdust,  edgings,  and  fragments  of  slabs. 

^he  last  ledge  examined  was  the  ledge  at  Green's  pier,  which  is  to  the 
tward  of  the  pier,  and  about  45  feet  distant.  It  projects  above  ^ 
48  of  edgings  and  sawdust.  It  is  in  the  present  channel,  and  is  dan- 
ous. 

Q  estimating  for  the  removal  of  these  obstructions,  it  must  be  borne 
mind  that  an  allowance  of  several  feet  must  be  ma<ie  for  the  imbed- 
[  i>ortions  of  the  ledges  and  boulders  which  could  not  be  measured, 
ns  of  these  obstructions  have  been  already  placed  iu  yowr  \\%\i^^» 
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remove,  rne  aepin  oi  tnis  aeposit  varies,  ixeneraiij  m  lae 
the  river  it  averages  ten  feet.  lu  some  places,  the  bed  of  the  i 
not  reached  at  a  depth  of  18  feet  below  the  surface  of  the  bar. 

Above  Low's  ledge,  and  in  the  center  of  the  river,  there  ha 
been  a  gravel  bar.  There  was,  formerly,  a  sufficient  channel 
three  fathoms  depth,  on  the  eastern  side  of  this  bar.  This  east* 
nel  is  now  completelj^  closed  by  a  deposit  of  edgings,  &c.,  aboi 
deep.  Underlying  this  gravel  bar  is  found  ledge.  It  is  not  im 
that  the  alluvial  deposits  from  the  luiited  waters  of  the  Kendusl 
Penobscot  were  made  here,  at  the  point  where  it  appears  from  tli 
ings  that  the  natural  fall  in  the  bed  of  the  river  ceases,  and  wh 
in  a  sense  may  be  called  the  estuary  commences. 

Before  considering  the  cost  of  improvement  of  the  navigati< 
river,  your  attention  is  drawn  to  section  VI,  upon  the  chart,  w 
will  observe  that  the  18-feet  curves  nearly  meet  in  the  cent 
river,  abreast  of  Bragden's  Castle. 

This  is  a  good  example  of  the  process  of  formation  of  t 
Careful  examination  proves  that  there  is  at  this  point,  across  tl 
bed  of  the  river,  six  or  seven  feet  of  sawdust,  the  surface  of 
comparatively  free  from  alluvium,  and  upon  which  are  fragi 
edgings  partially  imbedded.  On  distui*bing  this  sawdust,  it 
the  sui'face  of  the  water  at  low  tide,  but  settles  away  again  i 
moments.  It  is  not  unlikely  that  the  first  freshet  may  deposi 
cient  quantity  of  alluvium  upon  it  to  pack  together  the  looser  j 
probably  more  recently  deposited,  into  a  solid  mass.  The  frag 
edgings  projecting  above  it,  serve  as  barriers  to  arrest  the  pn 
others  in  their  course  as  ''tide  walkers;"  L  «.,  the  satiu^ated 
about  ready  to  sink  is  held  perpendicuhirly  in  the  stream,  on 
few  inches  above  the  surface  of  the  water.  Such  a  "tide  walkc 
ing  up  or  down  stream  with  the  current,  or  in  an  eddy,  me< 
obstruction  below,  is  arrested,  whirls  around  for  a  while,  and  tb 
to  add  its  quota  to  the  deposit.  It  may  requii*e  years  for  the 
upon  a  bar  of  this  kind  to  reach  so  near  the  level  of  mean  low  1 


^h  E**    «^        ^v'-v  ^r»  .^-^  «  «^  «^  4 
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rent  is  almost  entirely  on  the  surface.  The  practice  of  the  fishermen  is, 
to  drop  nets  properly  weighted,  while  the  tide  is  still  ebbing,  through 
the  outward  surface  current  to  the  bed  of  the  river,  where  they  are  vio- 
lently expanded  by  the  inward  current  of  the  flood  tide. 

The  experiment  has  been  tried,  without  success,  of  endeavormg  to 
reach,  in  advance  of  the  current,  a  hole  at  some  distance  above  where 
the  inward  current  has  been  perceived,  by  driving  rapidly  on  the  ice 
from  one  point  to  another.  The  effect  of  these  currents  upon  the  depos- 
its in  the  river  is  readily  suggested.  It  is  not  unreasonable  to  suppose 
that  these  currents  And  an  equilibrium  more  frequently  in  the  \4cinity  of 
Marsh  Bay,  one  mile  below  Winteiport,  where  is  formed  an  immense 
bar,  comi)Osed,  as  one  can  judge  by  superficial  examination  only,  almost 
entirely  of  sawdust.  The  area  of  this  bar  must  be  at  least  a  square 
mile.  It  is  attached  to  the  eastern  shore,  is  extending  rapidly,  and  now 
occupies  three-fourths  of  the  river  for  nearly  a  mile.  Two  other  large 
bars  have  become  known,  and  ai'e  rapidly  increasing ;  one  at  Indian 
Point,  above  Bucksport;  the  other  at  Orphan's  island. 

The  following  estimate  is  presented  of  an  improvement  in  the  navi- 
gation of  the  river,  which  would  open  a  channel  above  Crosby's  Nar- 
rows, 150  feet  wide  and  18  feet  deep,  at  lowest  tides. 

Commencing  in  section  I,  in  the  vicinity  of  Independence  Rock,  and 
abreast  of  the  wharf  of  the  Maine  Central  Bailroad  Company,  the  more 
feasible  channel  would  cur\^e  to  the  southwest  until  it  reaches  Green's 
pier,  by  an  excavation  of  84,000  cubic  yards.  Green's  pier,  also,  should 
be  removed,  as  vessels  lying  at  it  are  directly  in  the  channel.  Deposits, 
also,  have  accumulated  above  it  in  great  quantity.  As  the  current  sets 
towards  Low's  ledge,  and  vessels  from  this  cause  must  keep  as  nearly 
as  possible  in  the  center  of  the  river  to  avoid  it,  excavation  is  proposed 
of  30,000  cubic  yards  from  abreast  of  the  marine  railway  to  a  point  abreast 
of  the  railway  culvert,  where,  in  the  center  of  the  river,  there  is  at  pre- 
sent a  depth  of  three  fathoms  at  lowest  tides:  a  total  excavation  in  this 
section  of  114,000  cubic  yards. 

Commencing  in  section  II,  abreast  of  the  same  ciUvert,  the  proposed 
excavation  would  be  upon  the  west  bank  of  the  deposits,  amounting  to 
144,000  cubic  yards.  This  would  open  a  channel  through  the  center  of 
the  river.  To  the  eastward  of  the  proposed  channel,  from  below  French 
Signal  or  Severance's  Point  to  abreast  of  Palmer's  mill,  and  where  ves- 
sels are  now  obliged  to  go,  the  bottom  is  hard  gravel,  and  probably  never 
of  the  depth  that  there  was  originally  in  the  central  part  of  the  river. 
It  would  be  advisable  here,  therefore,  to  restore  the  old  channel  by  cut- 
ting through  the  deposits. 

In  attem{>ting  the  passage  of  this  so-called  channel,  at  this  part  of  the 
river,  vessels  drawing  but  ten  feet  water  strike  collections  of  edgings 
which  are  upon  the  bottom,  are  rapidly  increasing,  and  liable  at  any 
time  to  completely  close  the  river  to  vessels  of  any  size,  excepting  with 
the  aid  of  tide  water. 

The  proposed  excavation  in  section  III  is  61,000  cubic  yards.  This 
excavation  to  the  eastward  of  the  deeper  water  would  be  necessary  be- 
cause the  current  sets  vessels  towards  Emery's  Point,  and  all  the  deep 
water  on  the  west  side  of  the  river  is  practically  useless.  Vessels  now, 
to  avoid  the  rocky  shore,  hug  the  bank  of  edgings  as  closely  as  possible. 

The  proposed  excavation  in  section  IV  is  westward  of  the  deei)er  water 
to  enable  vessels  to  keep  nearer  the  center  of  the  river,  and  avoid  the 
rocky  shore  of  the  east  bank,  towards  which  the  current  sets.  This 
excavation  extends  to  abreast  of  Stern's  mill,  and  is  estimated  to  be 
about  118,000  cubic  yards. 


aoour  luujuuu  cuoic  yaras. 

This  material,  if  excavated,  must  be  deposited  below  Fort  Kd( 
miles  from  Bangor. 

I  have  the  honor  to  be,  very  respectfully,  your  obedient  ser 

J.  A.  SULLlVA^i 
Suh'Asswtunt  Coant  Stir 


T  13. 

Custom-house  District  and  Port  of  Bangob, 

Septemher  10, 1^ 

Sir:  In  reply  to  your  communication  of  the  10th  ultimo  I  ha^ 
honor  to  state  that  all  that  part  of  the  Penobscot  river  referred  tc 
this  collection  district  at  and  near  the  city  of  Bangor. 

The  amount  of  revenue  collected  at  said  Bangor,  the  nearest  p 
entry,  for  the  last  year  was: 

Gold $49,8 

Currency 4, 8 

Total 54,6 


As  bearing  upon  the  question,  "what  amount  of  na\igatiou  and 
merce  would  be  benefited  by  such  improvements  f"  I  submit  the  fi 
ing  statement  of  the  business  transacted,  in  part,  at  this  city  an^ 
for  the  year  1866. 

Number  of  arrivals,  foreign 

Number  of  arrivals,  coastwise,  (over  50  tons) 

Number  of  arrivals,  coastwise,  (under  50  tons 
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^ififerent  vessels  arrived:  steamers,  9;  ships,  3;  barks,  14;  brigs, 
;  schooners,  590;  sloop,  1;  total,  723.  , 

Hiole  amount  of  tonnage,  (new  measurement,)  69,034  tons, 
'essels  built  and  launcheu:  1  ship,  3  barges,  5  brigs,  and  3  schoon- 
total,  12 ;  5,009  tons. 

>ne  first  class  steamer,  carrying  passengers  and  freight,  plies  regularly 
ween  tliis  port  and  Boston,  Massachusetts,  making  two  trips  per  week; 
another  of  like  character,  (1,300  tons  and  costing  $250,000,)  has 
I  week  commenced  running  upon  the  line.  One  steamer,  of  like 
racter  and  employment,  is  also  plying  regularly  between  this  port 
.  Portland,  making  three  trips  per  week. 

IMPORTS  BY  WATER. 

Weight,  tons.  Value. 

)7  hogsheads  molasses 2, 156  $176, 841 

509  bushels  salt 912  12, 154 

J5,000  pounds  sugar 762  176, 750 

U)  tons  plaster 1, 260  3, 150 

t80  barrels  flour 5, 212  533, 280 

^2  barrels  pork 582  125, 370 

,738  bushels  corn 7, 300  312, 882 

U)  tons  coal 9, 360  84, 240 

,000  clapboards 417  25, 020 

,000  shingles 71  3, 200 

KK)  quintals  fish 1, 400  125, 000 

K)  barrels  mackerel 150  15, 000 

)0  barrels  pickled  fish 150  7, 500 

Total 29, 732  1, 600, 387 


IMPORTS  BY  MAINE  CENTRAL  RAILROAD. 

Weight,  tons. 

554  barrels  flour 2, 069 

135  bushels  com 460 

$00  bushels  oats 890 

Total 3, 419 


Value. 
211,  794 
19,  722 
41,850 

273, 366 


^otal  value  of  imports  by  water  and  rail,  $1,873,753. 

EXPORTS  BY  WATER. 

Weight,  tons. 

,055  bushels  potatoes 12, 129 

LO  squares  roofing  slate 1, 252 

J8,800  bricks 5, 338 

,147,606  feet  long  lumber 592, 869 

)rt  lumber,  estimated  one-quarter  value 

)ng  lumber 143, 217 

sts,  spars,  ship  lumber,  and  hard  wood 

Limber , 23,870 

Total 778, 675 


Valiie. 

$264,  580 

83,332 

21, 352 

3,  794, 361 

948, 590 

124, 230 

5^236,445 


or  isrewer,  on  tne  opposite  siae  or  tue  nver,  2,0,50 ;  tne  two  may 
estimated  at  25,000. 

This  port  is  the  highest  navigable  point  upon  the  river,  and  a 
miles  inland  from  the  ex)ast-line,  making  it,  with  its  connecting 
railway,  the  commercial  entrepot  and  business  centre  for  a  ten 
14,000  square  miles,  (larger  in  area  than  the  States  of  Massachusel 
necticiit,  and  Khode  Island,)  and  a  present  population  of  about 
people.  The  business  of  the  port  wUl  not  diminish  as  the  more  ^ 
gi'owth  of  the  forests,  upon  which  it  now  so  largely  depends,  is  d 
but  will  increase  in  double,  in  treble,  and  in  tenfold  proportion  as  t 
of  railway  shall  be  extended  into  the  interior,  thereby  making  the 
ing  wood  and  timber  more  valuable  even  than  the  rich  product 
removed,  and  bringing  to  the  nearest  navigable  tide- water,  fi 
immense  deposits  of  argillaceous  slate  in  Piscataquis  county,  inc 
ible  supplies  of  the  best  roofing  slate  produced  on  the  globe ;  an 
ing  up  to  manufacturing  improvement  the  va«t  water-power  aflfc 
the  Penobscot  and  its  tributaries.  A  compet-ent  engineer  has  es 
that  from  Old  Town,  12  miles  above  the  bridge  connecting  Ban 
Brewer,  the  main  river  alone  has  an  available  water-power  eqi 
in  the  draught  to  40,000  horse  power,  having  a  fall  in  that  disi 
100  feet.  This  hidden  wealth,  these  slumbering  powers,  great 
and  accessible  beyond  any  other  in  the  country,  must  soon  be  t 
and  wakened  into  life  and  made  busy  in  the  employment  of  manufs 
capital,  skill,  and  labor,  their  products  crowding  each  avenue  ( 
portation  from  the  lakes  to  the  sea,  and  swelling  the  commero 
country. 


Most  respectfully,  your  obedient  servant, 

JOHN  H.  RICE, 
Collectar  of  Cu- 
Brevet  Brigadier  General  Geo.  Thom, 

IAeut»  CoL  Corps  of  Engineers  U,  8.  A.,  Portland^  Maine, 
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"  Survey  of  military  defenses;"  "purchase  and  repair  of  instrument;" 
"  removing  obstructions  to  Willamette  river ; "  "  survey  and  examination 
on  the  Pacific  coast."  In  addition  to  these  I  am  the  engineer  of  the  12th 
and  13th  light-house  districts,  and  a  member  of  the  board  of  engineers 
for  the  Pacific  coast. 

The  operations  under  the  above-mentioned  appropriations  mil  be 
described  in  the  order  named. 

SURVEYS  OF  MILITARY  DEFENSES. 

During  this  year  I  have  had  no  opportunity  of  making  a  reconnoissance 
in  person.  During  the  fall  of  1867  I  have  had  two  assistaiits  in  Nevada 
who  accompanied  a  party  sent  out  by  the  State  geologist  of  California, 
by  which  means  I  have  been  able  to  collect  information  (the  only  expense 
being  the  pay  of  the  assistants)  which  has  resulted  in  a  map,  quite  in 
detail,  of  a  large  portion  of  that  State.  The  map  was  completed  and 
forwarded  to  the  headquarters  corps  of  engineers.  Dnring  the  greater 
portion  of  the  year  I  have  had  an  assistant  in  Arizona,  sent  there  on  the 
verbal  order  of  the  general  commanding  the  department  of  California, 
to  report  to  the  officer  commanding  district  of  the  Verde.  As  no  special 
facilities  were  afforded  him  in  the  way  of  escorts  he  was  able  only  to 
collect  such  topographical  information  as  could  be  obtained  by  accom- 
panying scouting  or  other  parties  sent  out  for  a  different  purpose  than 
the  collection  of  topographical  information,  and  hence  the  results  have 
been  meager. 

As  an  engineer  officer  arrived  here  in  October  la«t  who  has  reported 
to  the  general  commanding  this  military  division,  this  assistant  has  been 
transferred  to  him. 

The  results  of  observations  and  investigations  in  meteorology  and 
hyi>sometry,  which  had  occupied  much  of  my  time  diuing  x>revious 
years,  were  sent  to  the  Chief  of  Engineers  in  February  of  last  year,  with 
a  request  that  they  be  published.  This  request  having  been  submitted  to 
the  honorable  Secretary  of  War,  and  having  been  granted  by  him,  1  was 
ordered  in  September  last  to  proceed  to  Washington  on  temporary  duty 
for  the  purpose  of  making  arrangements  for  superintending  the  publi- 
cation. Having  performed  that  duty,  I  returned  to  my  station  here. 
During  the  year  the  collection  of  data  for  elucidating  some  of  the  parts 
of  this  subject  still  obscure  have  been  continued,  but  in  June  last  an 
order  was  received  to  stop  further  expenditures  for  that  purpose,  and  to 
close  my  office  under  the  appropriation,  ^'surveys  of  military  defenses." 

The  following  is  a  statement  of  the  amount  received  and  expended 
during  the  past  fiscal  year  on  account  of  "surveys  of  military  defenses," 
viz : 

On  hand  Jidy  1, 1867 $3, 667  00 

Received  during  the  year 22, 062  92 

Total  accounted  for 25, 729  92 

Expended  duringthe  year 24, 067  64 

Balance  on  hand  June  30,  1868 1, 662  28 


Which  amount  ha«  since  been  deposited  to  the  credit  of  the  United 
States  assistant  treasurer  at  San  Francisco,  California,  thereby  closing 
my  account  with  the  United  States  under  this  appropriation. 


Expended  during  the  year 


1,1 


Balance  on  hand  June  3, 1868 


REMOVING  OBSTRUCTIONS  TO  WILLAMETTE  BIVBE, 

The  operations  on  this  river  during  the  past  fiscal  year  havebe< 
fined  to  dredging  on  Swan  Island  bar,  and  removing  snags  from  tb 
and  the  one  at  the  mouth  of  the  river.  As  the  various  machine 
vessels  furnished  me  by  the  city  of  Portland  required  extensive  : 
ing  and  calking  before  they  could  be  used,  they  were  put  on  the 
eariy  in  July  and  after  receiving  the  necessary  repairs  were  lai 
and  towed  to  Swan  Island  bar,  where  the  work  of  dredging  conin 
on  the  10th  of  September,  the  river  having  fallen  sufficiently  to 
of  work  being  done.  The  cost  of  these  repairs  was  $9,375  93.  Th' 
of  dredging  continued  until  the  end  of  November,  when  it  was  si 
by  high  water.    The  following  is  the  result : 

Amount  of  material  removed  by  dredging,  18,184  cubic  yards. 

Amount  expended  during  the  period  of  dredging,  $10,484  48. 

Cost  per  cubic  yard,  57.65  cents. 

A  channel  had  been  cut  100  feet  wide,  900  feet  long  and  to  a  d( 
15  feet  at  extreme  low  water. 

The  average  depth  of  the  excavation  was  4.18  feet. 

The  river  continued  too  high  for  dredging  until  in  February,  i 
20th  of  that  month  w^ork  w^as  resumed  and  continued  until  the  1 
April,  w^hen  it  was  again  Interrupted  by  the  spring  freshet. 

During  this  period  of  work  the  amount  of  materials  removed  by 
ing  was  7,320  cubic  yards. 

Expenses  during  the  period,  $4,607  19. 

Cost  per  cubic  yard,  62.94  cents 

A  channel  of  the  same  width  and  depth  as  before  was  excavat 
331  linear  feet.    The  average  depth  of  the  excavation  was  5.9  fe( 
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From  the  pilot  of  the  Columbia  river  below  the  mouth  of  the  Wil- 
amette,  I  learn  that  at  the  lowest  stage  of  water  and  tide  there  is  17 
eet,  and  at  high  tide  19  feet.  Hence  it  would  be  desirable  to  deepen  the 
*.haniiel  to  at  least  18  feet  of  water,  as  was  originally  intended.  To 
Iredge  a  channel  of  that  depth  at  Swan  Island  bar  would  require  the 
•emoval  of  50,000  additional  cubic  yards  of  materials  at  a  cost  of  $31,200. 
Che  amount  to  be  removed  at  the  mouth  of  the  river  has  not  yet  been 
estimated,  as  a  survey  for  that  puri)ose  has  not  been  made,  but  one  will 
)e  made  before  dredging  can  be  commenced  again.  The  survey  that 
vas  made  after  work  was  stopped  in  November  last,  on  account  of  the 
ise  in  the  water,  showed  that  no  material  change  or  filling  up  in  the 
channel  had  been  caused  by  the  winter  freshet.  The  result  of  the  more 
levere  spring  freshet  has  not  been  as  yet  ascertained.  If  the  amount 
isked  for  in  my  last  annual  report  has  been  appropriated  ($25,000)  an 
idditional  amount  of  $10,000  will,  I  think,  be  sufficient  to  make  a  chan- 
lel  in  the  river  of  18  feet. 

I  am  directed  to  report  on  the  following  11  points,  which  I  do  to  the 
)est  of  my  ability : 

1st.  A  surs^ey  of  Swan  Island  bar  was  made  after  work  was  suspended 
n  November  last,  on  account  of  a  freshet  in  the  river,  and  also  one  at 
Jie  mouth  of  the  Willamette.  Work  was  again  resumed  in  February 
md  continued  for  nearly  two  months.  The  plan  adopted  was  for  dredg- 
ng  with  a  view  to  secure  a  channel  100  feet  wide  and  15  feet  deep  at 
extreme  low  water. 

The  items  of  expenditures  have  been  as  follows : 

Original  repairs  of  dredger,  machinery,  scows,  &c $9,375  93 

5Ldvertising  for  proposals 186  78 

Dredging  during  first  period  of  work 10,484  48 

Sxpenses  during  first  interval  when  no  dredging  was  done  358  66 

Dredging  during  second  period  of  work 4,607  19 

Expenses  during  second  interval 271  45 

Total  amount  expended  during  the  year 25,284  49 


2d.  It  is  estimated  that  the  amount  asked  for  last  year  of  $25,000, 
with  an  additional  appropriation  of  $10,000,  will  complete  the  work.  It 
nay  require  a  small  amount  annually  to  seciu-e  constantly  18  feet  of  water 
n  the  channel. 

3d.  K  the  amount  asked  for  last  year  has  been  appropriated,  no  more 
jan  be  profitably  expended  during  the  next  fiscal  year. 

4th.  The  collection  district  is  Astoria,  Oregon. 

5th.  The  nearest  town  is  Portland,  Oregon. 

6th.  The  amount  of  revenue  collected  is  unknown  to  me. 

7th.  The  amount  of  commerce  and  navigation  to  be  benefited  by  the 
»mpletion  of  this  work  is  large,  and  increasing.  Steamers  drawing  15 
feet  of  water  run  from  San  Francisco  to  Portland  regularly  three  times 
I  month  except  when  stopped  by  extreme  low  water  at  the  bars  now  par- 
tially removed. 

8th.  Proposals  were  advertised  in  papers  of  San  Francisco  and  Port- 
and,  and  but  one  bid  was  received,  which  was  by  the  city  of  Portland. 
Che  amount  of  the  bid  exceeded  the  amount  of  the  appropriation  then 
ivailable.  A  second  proposal  was  advertised,  but  no  bids  were  received. 
Hence  the  work  was  done  by  hired  labor. 

9th  and  10th.  Hence  no  contraet  was  made. 

11th.  The  following  are  the  amounts  received  and  expeiid'fe(Ldk\3Cc\xi%\X^^ 


EXAMINATIONS  AND  SURVEYS  ON  THE  PACIFIC  COAST. 

The  only  operations  under  this  appropriation  have  been  on  the 
Columbia  river.  The  object  of  making  a  survey  of  the  ni)per  Col 
river  was  to  determine  the  size  and  position  of  the  sunken  rocks 
various  rapids,  with  a  view  of  obtaining  the  data  necessary  to  est 
the  cost  of  their  removal,  so  that  eventually  there  should  be  a  suf 
depth  of  water  over  these  rocks  during  the  lowest  stage  of  the  ri 
enable  the  largest  size  boats  on  it  to  navigate  it  with  safety  at  all 

Between  the  Dalles  of  the  Columbia  river  and  the  mouth  of 
river  are  six  rapids,  all  of  which  contain  rocks  which  should  be  rei 
to  secure  seven  feet  of  water  at  the  lowest  stage.  Of  these,  four  i 
have  been  surveyed  during  the  period  of  this  fiscal  year,  when 
could  be  done,  namely,  between  the  1st  of  September  and  the 
December.  The  result  of  the  survey  has  shown  that  the  amount  o1 
to  be  removed  in  each  rapid  is  as  follows: 

Cu 

John  Day  rapids 

Squally  Hook  rapids 

Devil's  Bend  rapids 

Hematilla  rapids 

There  are  two  more  rapids  still  to  be  surveyed,  the  amount  ol 
on  which  is  estimated  to  be  as  follows : 

Gal 

Eock  Creek  rapids 

Homily  rapids 

The  only  way  of  removing  these  rocks  is  by  blasting.  An  at 
was  made  at  the  lowest  stage  of  water,  last  November,  to  explod 
pounds  of  powder  on  the  rock  known  as  John  Day  rock,  but  on  ac 
of  the  rapidit}^  of  the  current  the  attempt  failed.  An  attempt  ^ 
made  this  fall  to  remove  several  of  the  rocks  for  the  puri>ose  of  obt4 
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'apids,  the  place  of  the  soundings  being  fixed  by  synchronous 
Tation,  taken  with  theodolites  by  two  observers.  The  amount 
aded  during  the  year  has  been  $11,510  16. 

The  amount  required  to  complete  the  survey  will  be  $2,400 ;  but, 
nnection  with  it,  experimental  blasting  will  have  to  be  made  to 
'  a  closer  approximation  than  is  given  above  for  the  cost  of  blast- 
br  the  survey  is  intended  as  but  a  preliminary  step  to  the  removal 
e  rocks  on  the  rapids. 

The  amount  that  can  be  profitably  expended  during  the  next  fiscal 
is  $8,100,  besides  cost  of  such  other  surveys  as  may  be  ordered 
ig  the  year. 

I.  The  collection  district  is  Astoria. 

I  and  6th.  I  have  no  means  of  ascertaining  the  amount  of  revenue 
;ted  at  the  nearest  port  of  entry. 
L.  The  amount  of  commerce  is  large,  and  increasing. 
I,  9th,  and  10th.  The  work  was  not  done  by  contract, 
h.  The  following  is  the  amount  received  and  expended  during  the 
[seal  year  on  account  of  the  appropriation  for  "  examinations  and 
lys  on  the  Pacific  coast:'' 

land  July  1, 1867 $6, 558  85 

ived  during  the  year , 15, 117  25 


amount  received  and  on  hand 21, 676  10 

nded  during  the  year 11, 510  94 

ice  on  hand  June  30, 1868 10, 165  16 


bal  of  the  amount  appropriated  has  been  $50,000,  of  which  $24,437  is 
indrawn  from  the  treasury.  The  total  amount  expended  from  this 
)priation  up  to  the  end  of  the  last  fiscal  year  is  $15,397  84. 

appropriation  is  asked  for  next  year. 

e  work  has  been  under  the  immediate  direction  of  Lieutenant  Heuer, 
>d  States  engineers,  and  has  been  conducted  in  a  very  satisfactory 
ler. 

'  duties  as  engineer  for  light-houses  on  the  Pacific  coast  have  occu- 
a  small  portion  of  my  time.  A  keeper's  dwelling  for  the  first-order 
house  at  Cape  Mendocino  has  been  erected,  and  the  iron  tower  for 
ame  is  about  completed,  and  will  shortly  be  sent  to  the  same  locality, 
ht-house  site  at  Cape  Blanco,  Oregon,  has  been  purchased.  Nego- 
►ns  are  now  pending  for  the  purchase  of  a  light-house  site  at  Santa 
,  California.    The  various  light-houses  in  the  12th  and  13th  districts 

been  visited,  with  the  exception  of  those  on  Puget  sound.  Several 
)sed  light-house  sites  south  of  San  Francisco,  California,  have  been 
^d  and  examined.  Repairs  to  several  light-houses  have  been  made, 
spectfully  submitted. 

E.  S.  WILLIAMSON, 
BvU  Lieut  Col.  United  States  Army,  Major  of  Engineers. 

ijor  General  A.  A.  Humphreys. 

Chief  of  Engineers^  U.  8,  A,j  Washington^  2>.  0. 
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U  1. 

Engineer  Department, 
Washington^  March  8,  1867. 

Colonel  :  Your  letter  of  28tli  January,  ultimo,  was  duly  received. 
The  instructions  of  this  department  for  an  examination  at  the  mouth  of 
the  Willamette  did  not  contemplate  such  extended  observations  as  yoa 
seem  to  suppose,  but  merely  the  collection  of  the  facts  necessary  to  form 
a  plan  for  improving  the  navigation  at  that  point.  It  was  thought  the 
cost  of  such  observations  would  not  exceed  $1,000,  probably  not  more 
than  half  that  amount. 

If  it  is  known  that  the  channel  between  J.  D.  Percy^s  island  and  the 
main  shore  has  a  clayey  bottom,  and  that  the  present  ship  channel  has 
a  quicksand  bottom,  and  that  the  Columbia  slough  and  the  Willamette 
river  maintain  always  a  current  through  the  channel  first  named,  then 
the  governing  facts  for  the  plan  of  improvement  are  known,  and  the 
dredging  should  be  done  in  the  channel  between  Percy's  island  and  the 
main  shore. 

It  was  not  understood  from  your  report  that  these  facts,  if  they  be 
such,  had  been  ascertained  definitely,  or  that  the  mouth  of  the  riverhad 
been  examined  by  any  one  under  your  orders,  but  that  information  had 
been  gained  directing  attention  to  the  points  upon  which  the  solution 
of  the  question  depended. 

Very  respectfully,  your  obedient  servant, 

A.  A.  HUMPHREYS, 
Brig.  Qen.  and  Chief  of  En^fineers^  Maj.  Gen.  U.  8.  VoU. 

Bvt.  Lieut^  Col.  R.  S,  Williamson,  U.  S.  A., 

Majar  of  Engineers^  San  Francisco^  Cal. 

P.  S. — Further  appropriation  of  $30,000  has  been  made  for  the  improve- 
ment of  Willamette  river.  A  copy  of  the  act  of  the  appropriation,  with 
instructions,  will  be  sent  to  you  for  your  guidance  as  soon  as  it  can  be 
obtained.  *  J.  0.  W. 
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U  2. 

San  Feanoisco,  Cal.,  February  24, 1868. 

General  :  I  have  the  honor  to  transmit  herewith  the  report  of  lieu- 
tonant  W.  H.  Heuer,  United  States  engineer  on  the  survey  of  the  upper 
Columbia  river,  Oregon,  which  had  been  conducted  by  him  since  early 
in  September  last,  other  duties  preventing  my  presence  with  the  party. 
All  the  rapids  above  the  Dalles,  as  far  as  and  including  Umatilla  rapids, 
have  been  surveyed  and  mapped,  leaving  but  two  above,  which,  it  is  esti- 
mated, will  require  six  weeks  of  time  and  $2,400.  The  amount  thus  far 
expended  is  $9,049  95,  the  amount  originally  appropriated  $25,000,  and 
the  bahmce  available  $16,958  05.  It  is  to  be  regi-etted  that  more  defi- 
nite data  had  not  already  been  collected  to  guide  Jis  an  estimate  of  the 
amount  required  to  remove  these  obstructions  to  navigation ;  but  it  is 
proposed  to  make  experiments  during  next  season  of  low  water  in 
removing  one  or  more  of  the  rocks. 

Very  respectfully,  your  obedient  servant, 

E.  S.  WILLIAMSON, 
Bvt.  Lietit.  Col.  U.  S.  Anny^  Major  of  Engineers. 

Major  General  A.  A.  Humphreys, 

Chief  of  Enginter^  XJ.  S.  Arm-^j^  ^os^Ww^Xwv^  D.  <7* 
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San  Francisco,  California, 

February  17,  18G8. 

Sir:  I  have  the  honor  to  submit  the  following  report  of  operations  on 
the  Columbia  river : 

In  accordance  with  special  instructions  from  you  I  went  to  Celils, 
Oregon,  on  September  1,  1867;  there  organized  a  surveying  party, 
consisting  of  Messrs.  Kichard  Covington,  W.  Hammond  Hall,  W.  P. 
&ray,  and  five  laborers.  The  schooner  Maria  wa«  chartered  from  the 
Oregon  Steam  Navigation  Company  to  facilitate  the  survey.  The  survey 
was  commenced  at  John  Day  rapids.  The  river  was  then  about  eight 
feet  above  low-water  stage,  and  had  a  fearfully  rapid  current.  Our 
resources  were  somewhat  limited,  as  we  had  besides  the  schooner  only 
one  small  boat  or  yawl,  which  was  only  12  feet  long,  and  with  which  we 
dared  not  attempt  sounding  in  such  rapid  water.  However,  we  surveyed 
the  shore-lines  and  inlands  at  this  rapid,  and  in  the  mean  time  sent  down 
to  Portland  for  a  larger  boat  for  sounding  purposes ;  in  a  few  days  it 
arrived,  but  was  utterly  worthless;  still  we  attempted  to  make  the 
soundings,  but  in  that  rapid  current  nothing  satisfa<5tory  was  accom- 
plished. Knowing  that  in  the  course  of  a  month  or  six  weeks  the  river 
would  be  much  lower  and  the  current  much  less  rapid,  I  concluded  to 
sail  up  the  river  as  far  as  possible,  putting  in  the  shore-lines  and  islands 
of  each  rapid  as  we  came  to  it,  so  that  upon  our  return  we  would  have 
aotbing  but  the  soundings  to  make.  This  was  accordingly  done,  and 
occupied  a  month  of  our  time.  The  (worthless)  boat  mentioned  was 
returned  and  a  larger  and  much  safer  one  substituted.  In  ascending  the 
river  we  surveyed  the  shore-lines  and  islands  of  John  Day  rapids,  Indian 
rapids.  Squally  Hook  rapids,  and  Umatilla  rapids.  Upon  arriving  at 
Umatilla  rapids  I  found  the  river  so  low  that  the  schooner  could  not 
with  safety  sail  through  these  rapids  and  the  steamboat  could  not  tow 
as  through.  I  wanted  to  get  to  Homly  rapids,  30  miles  higher  up  the 
river,  but  owing  to  the  difficiUties  just  mentioned,  had  to  abandon  the 
idea.  So  the  soundings  were  commenced  at  Umatilla  rapids,  and  as 
soon  as  this  was  completed  we  gradually  worked  our  way  down  the 
river,  sounding  on  every  rapid  mentioned  until  winter  prevented  ftirther 
operations. 

The  survey  was  conducted  in  the  following  manner,  viz :  A  suitable 
base-line  was  measured  on  one  shore.  From  the  extremities  of  this  base, 
at  each  of  which  an  observer  was  stationed,  angles  were  taken  to  a  flag 
man  on  the  opposite  shore,  who  walked  from  point  to  point.  At  the 
prominent  points  stakes  were  driven  for  future  reference,  and  their 
positions  determined  by  triangulation.  Having  one  shore  thus  com- 
pleted, the  stations  just  mentioned  as  having  been  determined  by  tri- 
aingulation  were  now  used  as  theodolite  stations  for  determining  the 
other  shore  (the  one  on  which  the  base  was  measured)  and  the  islands, 
ride  gauges  were  placed  in  position  at  suitable  jwints,  in  order  that  the 
necessary  reductions  might  be  made  in  case  the  river  should  rise  or  fall 
iuring  the  progress  ot  the  sur\^ey.  The  yawl  or  small  boat  (which  con- 
tained 1,200  feet  of  line  one-half  inch  in  diameter,  a  buoy,  100-pound 
mchor,  lead-lines,  signals,  &c.)  was  then  anchored  in  the  river  directly 
ibove,  and  a  short  distance  from,  the  rapids.  The  theodolite  men  being 
it  their  proper  stations,  (eyes  continually  at  their  instruments,)  the  boat 
WBS  allowed  to  drop  into  the  rapid.  As  soon  as  we  were  in  the  rapid, 
the  boat  would  be  checked  by  means  of  the  anchor  line.  The  commands, 
' Ready;  sound,"  were  given  from  the  boat;  the  lead  would  be  thrown, 
ngnal  flag  hoisted  in  the  boat,  and  the  observers  would  sight  on  the 
lead-line  where  it  crossed  the  gunwale  of  the  boat  •,  the  ao\\syA\s\%\BL^xs. 
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would  report  the  depth  of  water  to  the  signal  man,  and  he  would  make 
a  record  of  the  same.  Without  paying  out  any  more  of  the  anchor-line, 
we  would,  by  means  of  the  sweep  or  steering-oar,  swing  the  boat  to  the 
right  or  left,  say  20  feet,  give  another  signal,  and  sound  again.  When 
we  had  swung  as  far  to  the  right  or  left  ss  was  possible,  we  would  pay 
out  20  feet  more  of  line,  signal,  and  sound ;  then  swing  again  to  the 
right  or  left,  again  signal  and  sound,  and  so  on  until  the  1,200  feet  of  line 
had  been  paid  out.  When  this  was  done,  the  boat  would  be  hauled  up 
to  her  anchor,  anchor  weighed,  and  then  dropped,  say  50  or  100  feet,  to 
the  left  or  right  of  its  original  position,  and  the  same  operation  would 
again  take  place,  until  the  whole  rapid  was  sounded. 

As  might  have  been  anticipated,  many  of  our  soundings  are  incorrect,  as 
the  intensity  of  the  current  would  sometimes  deflect  the  le^-lines  mate- 
rially. The  shallow  soundings  (those  less  than  eight  feet)  are  very  nearly 
correct ;  but  when  30  feet  or  more  is  indicated,  the  soundings  are  only 
approximate. 

To  make  the  sounding,  a  lead  was  used  weighing  11  pounds,  fastened 
to  an  ordinary  lead-line  properly  graduated.  We  attempted  to  make  the 
sounding  with  a  wooden  pole  20  feet  long,  in  order  that  greater  accuracy 
might  be  obtained  than  with  a  lead-line,  but  it  was  found  impossible  to 
do  so,  for  as  soon  as  the  end  of  the  pole  would  be  three  or  four  feet  under 
water,  the  current  would  throw  it  as  much  as  45  degrees  from  the  vertical 

In  one  or  two  instances  the  rapidity  of  the  current  was  measured  by 

ascertaining  the  length  of  time  required  for  a  stick  of  cord- wood,  loaded 

at  one  end,  to  float  between  two  given  points  in  a  rapid;  but  the  results 

^  are  only  good  for  that  particular  stage  of  the  river,  for  a  difference  of  a 

few  feet  of  water  in  the  river  makes  a  difference  of  more  than  a  mile  an 
hour'  in  the  current.  It  may  seem  strange  why  steamboats  take  such 
different  channels  during  high  water  fix)m  those  at  low  water,  although 
the  former  are  often  the  more  circuitous.  It  is  mainly  owing  to  the 
rapidity  of  the  current.  During  the  high- water  season,  the  b^ts  hug 
the  shore  as  much  as  possible,  for  should  they,  in  many  places,  get  into 
the  low-water  channel,  they  could  make  no  headway  at  all  against  the 
cun*ent. 

At  Umatilla  and  John  Day  rapids,  lines  of  level  were  run  with  a  view 
of  ascertaining  the  amount  of  fall  in  the  river  from  the  head  to  the  foot 
of  each  of  these  rapids.  This  amount  of  fall  also  varies  with  the  stage 
of  the  river ;  and  although  a  rapid  may  be  only  a  quarter  of  a  mile  in 
length,  in  some  places  on  that  rapid  the  water  will  fall  two  feet,  while 
in  other  places  on  the  same  rapid  the  fall  will  be  less  than  a  foot  This 
is  owing  mainly  to  large  reefs  of  rocky  extending  in  soine  places  almost 
entirely  across  the  river.  As  Icmg  as  these  reef&are  entirely  under  water 
a  fall  of  one  foot  in  the  river  above  the  reef  will  make  a  fall  of  one  foot 
below  the  reef,  but  when  the  reef  becomes  exposed,  a  fall  of  one  foot 
above  the  reef  will,  in  some  places,  cause  a  fall  of  two  feet  or  more 
immediately  below  the  reef. 

The  current  of  the  river  on  these  rapids  is  rather  peculiar.  It  varies 
in  intensity,  depending  on  the  stage  and  fall  of  the  river,  from  4  to 
upward  of  12  miles  an  hour ;  but  between  the  rapids  the  current  is 
very  much  slower,  averaging  about  three  miles  an  hour  during  an  ordi- 
nary stage  of  the  river.  When  the  current  pours  over  a  sunken  rock 
having  three  or  four  feet  on  it,  the  water  forms  large  waves,  extending 
from  50  to  200  feet  on  the  down-stream  side  of  the  rock.  Some  of  the 
waves  are  very  large  and  extremely  dangerous  to  get  into  with  a  small 
boat,  particularly  if  the  boat  is  anchored  with  the  anchor  above  the 
rock.    From  ttie  api^^^^i^ii^^  of  those  waves  one  would  supiwse  that 
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i*ent  was  swifter  in  them  than  anywhere  else,  but  such  is  not  the 
In  the  waves,  or  breakers  as  they  are  commonly  called,  there  is 
tie  current,  but  directly  on  top  of  or  over  the  rock  the  current  is 
ist.  The  under-current  is  much  more  rapid  than  that  at  the  surface, 
e  danger  just  mentioned  to  be  apprehended  is  that  the  under-cur- 
iil  force  your  anchor  line  to  puU  the  nose  of  your  boat  under 

Where  these  sunken  rocks  were  only  about  a  foot  or  so  under 
they  would  still  make  a  "break,''  but  the  current  in  the  "break," 
of  running  down  stream,  would  have  very  little  or  no  force  at  all. 
her  great  diflSculty  in  making  the  survey  was  owing  to  the  pres- 

whirls  in  the  river.  On  many  of  the  rapids  where  large  rocks 
:posed,  the  current  would  be  divided  by  these  rocks,  and  these 
ft  would  again  come  in  contact  on  the  lower  side  ot  the  rocks, 
rould  caiise  immense  whirls,  some  of  them  12  feet  in  diameter 
et  deep  in  the  center,  being  very  much  like  an  inverted  cone, 
ould  gradually  work  down  the  river  until  they  became  smaller 
iller,  and  would  finally  disappear.  We  always  managed  to  avoid 
hirls. 

bject  in  making  the  suiTey  was  to  determine  the  size,  as  nearly 
ble,  of  the  sunken  rocks  on  the  various  rapids,  with  a  view  to 
an  estimate  of  the  cost  of  their  removal ;  to  have  such  a  depth 
r  over  these  rocks  duiing  the  lowest  stage  of  the  river  as  would 
he  largest  size  boats  in  the  river  to  navigate  it  with  safety  at 
\.    Th^  largest  boat  now  employed  on  the  river  will  not  draw 
feet  of  water  when  fully  loaded,  so  that  I  should  think,  that  if 
rock  wa«  removed  to  have  seven  feet  of  water  on  the  rocks  at 
low  water,  that  ought  to  be  all  that  was  required.    The  esti- 
'  the  quantity  of  rock  to  be  removed  will  be  based  on  the  sup- 
that  they  are  to  have  seven  feet  water  over  them, 
lannel  in  the  rapid  is  very  tortuous,  and  although  in  most  cases 
ned,  yet  it  is  very  difficult  to  keep  a  steamboat  in  them,  owing 
irious  directions  of  the  currents,  and  frequently  to  the  intensity 
ind,  which  generally  blows  across  the  channel. 
5  maps  which  accompany  this  report,  many  of  the  rocks  recom- 
for  removal  are  200  feet  or  more  apart  from  each  other,  and  it 
be  clear  why  both  rocks,  so  far  apart  and  having  good  water 
them,  should  be  removed.    This  I  will  endeavor  to  explain, 
we  have  two  sunken  rocks  200  feet  apart,  but  one  of  them 
e  other,  in  the  general  direction  of  the  current.    The  boat  is 
170  feet  long.    She  passes  the  lower  rock  and  heads  directly 
3per  one,,  because  in  the  eddy  of  the  upper  rock  there  is  little 
rent.     She  is  now  nearly  up  to  the  upper  rock,  and  must  turn 
one  side  to  get  out  of  the  way  of  this  rock.    The  minute  she 
•  head,  the  current  strikes  her  bows;   her  stem  still  in  tlie 
boat  swings,  the  current  strikes  her  broadsides,  and  it  requires 
>est  of  management  to  keep  her  from  striking  broadside  ou  the 
k. 

lese  rocks  materially  affect  the  strength  and  direction  of  the 
lere  is  no  doubt.    Now  suppose  these  sunken  rocks  were   aU 
what  effect  would  their  removal  have  upon  the  currents    That 
definitely  answered  at  present ;  it  would  change  the  direetiou 
rent  somewhat,  because  each  rock  would  then  allow  the  whole 
le  current  to  pass  over  it  and  would  not  split  it  as  is  now  the 
ts  intensity  would  be  increased  accordingly.    The  breaks  whioh 
8  now  make  enable  the  pilots  to  tell  exactly  where  the  ehai^TT^ 
B  removal  of  them  will  therefore  confuse  them  somewhat    Th 
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rock  is  a  hard  basalt,  and  is  not  columnar  like  ordinary  basaltic  rock. 
That  which  is  on  the  6luff  banks  of  the  river  is  nearly  all  colamoar, 
but  that  under  water  looks  as  though  it  had  been  subjected  to  the  action 
of  intense  heat,  melted  and  then  run  into  a  lump  with  small  sharp 
points  sticking  up.    Occasionally  small  crevices  can  be  found  in  some 
of  the  rocks  in  which  a  bla^t  would  be  very  effective,  but  those  cases 
are  very  few  and  difficult  to  find.    After  having  completed  the  survey 
this  year  as  far  as  practicable,  I  attempted  blasting  on  one  of  the  rocks 
known  as  John  Day  Bock  (really  the  worst  rock  in  the  river)  in  John 
Day  rapids,  with  a  view  of  making  an  estimate  of  the  cost  of  removal 
of  the  other  rocks.    Our  efforts  were  anything  but  succe^isful.    Two 
hundred  pounds  of  blasting  powder  were  put  into  a  torpedo,  which  it 
was  intended  to  ignite  simultaneously  at  three  points  of  ignition  by 
electricity.    Everything  being  in  readiness,  lines  were  stretched  across 
the  river  from  No.  1  on  south  shore  (see  map  of  John  Day   rapids)  to 
rock  No.  2,  and  the  boat  allowed  to  drop  along  this  line  until  nearly 
over  John  Day  Rock,  which  I  intended  surveying  carefully  both  before 
and  after  the  blast,  to  ascertain  its  effect ;  but  as  soon  as  the  boat  got 
well  over  the  rock,  a  wave  broke  over  her  bow^s,  and  had  we  not  imme- 
diately cut  the  line  our  boat  would  have  swamped.   Seeing  that  the  boat 
could  not  be  held  on  the  rock,  we  returne<l.to  shore,  took  the  torpedo  on 
board  and  tried  to  get  about  20  feet  above  the  rock ;  then  1  intended 
drifting  the  torpedo  against  the  rock,  (torpedo  being  kept  in  position  by 
800  pounds  of  rock  as  anchors; )  then  having  it  fairly  on  the  upper  side 
of  the  rock,  with  a  pressure  of  20  feet  of  water  over  it,  I  contemplated 
making  the  blast;  but  we  could  not  get  above  the  rock  in  proper  posi- 
tion, as  the  boat  would  not  steer,  owing  to  the  torpedo  hanging  imme- 
diately over  her  stem,  and  I  dared  not  take  it  and  anchors  in  the  boat^ 
for  the  boat  was  incapable  of  carrying  all  this  extra  weight*     After  10 
hours  vainly    attempting  to  place  the  charge,   my  line   (which  was 
stretched  across  the  river)  parted,  and  we  pulled  for  shore.     It  wa^  now 
nearly  dark ;  I  then  anchored  the  charge  in  18  feet  water  against  a  bluff 
bank  of  the  river,  thinking  that  I  could  make  an  estimate  by  calculating 
the  amount  of  rock  which  would  be  thrown  down  by  the  blast,  but 
when  I  tried  my  battery  the  charge  failed  to  explode.    Next  morning, 
while  examining  the  wires  of  the  battery  to  ascertain  what  the  difficulty 
was,  I  found  that  the  current  had  loosened  one  of  the  wires  where  it 
entered  the  torpedo,  and  that  the  water  had  been  gradually  percolating 
through  this  small  hole  all  day,  so  the  powder  became  thoroughly  satu- 
rated, and  my  attempts  failed.    In  the  maps  accompanying  this  report, 
the  numbers  indicating  the  soundings  represent  the  depth  of  wat^er  in 
feet  during  the  lowest  stage  of  the  river. 

JOHN  DAY  BAPmS 

are  in  the  Columbia  river  near  the  mouth  of  John  Day  river,  and  are 
33  miles  above  the  Dalles ;  the  first  bad  rock  encountered  in  ascending 
this  rapid  is  the  one  known  as  John  Day  Eock.  At  this  place  during 
low  w^ater  the  river  runs  at  the  rate  of  nearly  10  mile«  an  hour.  In 
ascending  boats  run  to  the  left  of  this  rock  in  order  to  get  into  the  com- 
paratively slack  water  under  the  island  marked  No.  2 ;  in  descending 
they  also  have  to  keep  to  the  left  of  this  rock.  In  the  cove  to  the 
southward  of  John  Day  Rock  is  a  very  strong  eddy,  the  current  of  which 
flows  directly  contrary  to  that  of  the  current  in  the  channel.  During 
extreme  low  water  this  rock  barely  comes  out  of  water.  To  obtain  seven 
feet  of  welter  on  this  rock  will  require  the  removal  of  200  cubic  yards  of 
rock.    The  nextWAioeWn  \\i  tV^Ss.  T\v\>id  are  directly  opposite  the  mouth 
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f  John  Day.  river  and  are  indicated  on  the  map  by  red  dotted  lines  or  by 
red  cross.  Thej'  together  contain  242  cubic  yards  of  rock.  The  rock 
rhich  is  indicated  by  a  small  red  cross  I  did  not  tind,  but  pilots  say 
liere  is  one  there ;  so  I  have  marked  it  and  estimated  it  to  contain 
ix  cubic  yards  of  rock.  Those  are  all  the  rocks  that  need  be  removed  in 
his  rapid.  The  channel,  which  is  marked  ^'high-water  steamboat 
hannel "  on  the  map,  cannot  be  used  during  low  water,  owing  to  shoals 
nd  rocks.  ¥'<\ll  in  the  river  from  head  to  foot  of  these  rapids  is  5.3  feet. 
!'he  next  rapid  surveyed  is  called 

INDIAN  RAPID. 

There  is  always  sufficient  water  here  for  the  boats,  and  no  improve- 
lents  of  this  rai)id  are  recommended. 
We  next  come  to 

SQUALLY  HOOK  RAPID. 

This  rapid  is  about  40  miles  above  the  Dalles  and  has  several  bad 
ocks.  They  are  also  indicated  by  dotted  red  lines.  The  winds  have  a 
,Teat  deal  to  do  with  rendering  the  navigation  of  this  rapid  dangerous; 
hey  blow  almost  directly  across  the  channel  toward  the  north  shore. 
Commencing  toward  the  right  of  the  map,  the  rocks  recommended  for 
emoval  contain,  respectively,  66,  209,  and  175  cubic  yards  of  material* 

devil's  bend  RAPID 

$  about  100  miles  above  the  Dalles.  This  hardly  deserves  to  be  ealled 
,  rapid.  The  river  bed  here  is  a  large  shoal  flat ;  during  low  water  it  is 
ather  difficult  to  navigate,  owing  to  the  presence  of  numerous  large 
K)ulders;  a  glance  at  the  map  will  show  their  relative  positions.  Blast- 
rig  will  only  be  resorted  to  on  two  or  three  rocks  which  are  outcrop- 
►ings  of  bed  rock.  The  boulders  vary  in  size  from  4  to  10  cubic  yards; 
hey  will  have  to  be  grappled  and  towed  to  one  side.  The  river  at  this 
►lace  was  originally  much  worse  than  at  present;  but  recently  the 
teamboat  company  have  removed  many  boulders. 

UMATILLA  RAPIDS 

re  seven  miles  above  Devil's  Bend, and  are  upwardsof  two  milesin  length ; 
rom  the  head  to  the  foot  of  these  rapids  the  river  has  a  fall  of  18  feet.  This 
apid  requires  more  work  than  all  the  other  rapids  combined,  as  a  glance 
t  the  map  will  show.  Upwards  of  2,000  soundings  were  made  here,  and 
s  many  more  might  have  been  made  to  advantage  had  time  permitted. 
)till  the  positions  of  all  the  bad  rocks  were  determined.  Soundings  were 
►nly  made  in  and  near  the  steamboat  channel,  for  as  soon  as  we  got  out 
f  that  channel  w^e  could  easilv  see  bottom,  which  seemed  to  be  one 
tnmense  bed  of  rock,  and  in  but  few  places  did  the  depth  of  w  ater  exceed 
ive  feet.  Towards  the  right  of  the  map  (at  the  upper  end  of  this  rapid) 
3  a  channel  known  as  the  high-water  channel,  but  which  is  not  use<l 
uring  low  water  on  account  of  the  many  rocks  in  it.  1  think  it  advis- 
ble  those  rocks  should  be  removed,  as  that  would  give  almost  a  straight 
hannel  and  require  less  blasting  than  would  be  necessary  to  improve  the 
resent  low-water  channel  immediately  to  its  left.  The  rapids  yet  to  be 
urveyed  are  known  as  Rock  Creek  rapids  and  Homly  rapids.  The  survey 
annot  be  advantageously  resumed  until  next  October,  and  will  occu])y 
ix  weeks  or  two  months  of  time,  and  will  cost  82,400.  Neither  of  the  two 
apids  just  mentioned  olfer  very  serious  obstacles  to  navigation.  From 
he  best  information  I  can  obtain,  Ilomly  rai)ids  only  contain  about  ^v^ViX 

oQ  w— Part  U 


contend  against.    Taking  these  difficulties  into  consideration,  an 
fact  that  everything  necessary  to  prosecute  the  work  to  advantage 
have  to  be  purchased  here,  I  estimate  that  it  will  cost  $28  per 
yard  to  remove  the  obstructions  in  the  Columbia  river ;  and  as 
obstructions  measure  4,726  cubic  yards,  I  respectfully  request  tin 
appropriation  of  $132,328  be  asked  for. 

Very  respectfully,  your  obedient  servant, 

W.  H.  HEUER, 
Liexiteimnt  of  Engine^ 
Bvt.  Lieut.  Col.  E.  S.  Williamson, 

Major  of  Engineers. 


RECAPITULATION. 

Roclcs  to  he  removed  to  obtain  a  depth  of  seten  feet  of  water  in  Joh 

rapids.    (See  map.) 


Kock  marked — 


Sizeic 


A 

B 

C 

D 

SQUALLY  HOOK  RAPIDS. 

A 

B 

C 

devil's  bend  rapids. 
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Sock  marked — 


Size  in  cubic 
yards. 


153 
1.5 

14 
3 

21 

17 

26 

95 

70 
201 
127 

42 

95 
105 

35 


O. 
P. 

Q. 
K. 

S  . 

T  . 

U. 

V  . 

W 

X. 

Y. 

Z  . 

Z  , 

Z  . 

Z  . 

Z  . 


Rock  marked — 


Size  in 
cubic  yards. 


14 
29 

29 
17 
42 
56 
19 
58 
:i2 

855 
.H5 
55 

119 
^7 
55 


Cubic  yardf . 

r  rapids 442 

look  rapids 450 

lend  rapids 672 

rapids 2,512 

jek  rapids f>'»0 

pids 150 


4.726 


U  3. 

San  Francisco,  March  28, 1867. 

I  have  the  honor  to  make  the  following  report  in  regard  to  the 
)eriment«  on  Blossom  Kock : 

om  Eock  is  a  sandstone,  rather  hard,  and  is  on  a  line  with  Alca- 
and  Yerba  Buena  islands,  and  about  midway  between  them. 
he  tides  are  lowest  the  rock  has  about  five  feet  of  water  over  it. 
;ontal  section  of  the  rock  18  feet  below  the  surface  of  the  water 
a  low  tide  gives  the  greatest  length  of  the  rock  at  130  feet,  by 
of  75  feet.  To  obtain  a  depth  of  18  feet  water  at  mean  low  tide 
equire  the  removal  of  1,000  cubic  yards  of  stone.  The  experi- 
v^ere  made  with  gunpowder  with  a  view  of  estimating  the  cost  of 
I  of  the  rock.  The  charges  of  powder  used  were  of  three  sizes, 
,  125,  and  175  pounds,  in  order  to  enable  us  to  ascertain  which 
large  would  prove  most  effectual,  due  regard  being  had  to  econo- 
ach  charge  was  placed  in  a  strong,  water-tight  cask,  in  the  head 
of  which  a  small  hole  was  bored  to  admit  of  the  passage  of  the 
r  exploding  the  charge ;  the  cartridge  was  placed  as  near  the 
[)f  each  charge  as  possible.  Each  of  the  casks  was  inserted  in  a 
sail  cloth  which  fitted  closely,  and  which  was  afterwards  tarred, 
avy  pieces  of  iron  were  then  tied  to  eiich  cask,  one  on  each  side, 
mt  the  tide  from  washing  the  charge  off  the  rock.  Soundings 
len  made  to  enable  us  to  find  advantageous  positions  for  thfi 


alter  tue  uiasti^,  aeserve  jj^reai;  creuiu  lor  tue  auinu'uuie  niauuer 
their  work  was  done,  and  to  their  persevering  eftbrts  much  of  th 
of  these  experiments  is  due.  Appended  will  be  found  the  sket 
nished  by  Mr.  Cordell  reUitive  to  these  experiments. 

Owing  to  the  stormy  weather  the  experiments  occupied  m 
months  of  time.    Advantage  was  taken  of  every  favorable  di 
that  time,  but  frequently  after  a  blast  had  been  made  the  bay 
too  rough  for  days,  and  even  weeks,  to  make  an  accurate  surv< 
whieh  retarded  our  progress.    Before  we  commenced  blasting, 
ination  of  the  Coast  Survey  chart  indicated  quite  a  crevice  a 
one  end  of  Blossom  Rock.    As  it  appeared  favorable  for  placing 
there,  instructions  were  given  to  place  a  charge  of  75  pounds  pow 
crevice.    This  was  done  on  January  29.    After  they  thought 
found  the  crevice,  the  charge  was  exploded  in  16  ieet  of  wai 
rock  was  considerably  shattered.    Xo  large  masses  were  brokei 
a  .sul)8equent  examination  proved  that  there  was  no  crevice  th( 

The  second  experiment  took  place  on  J.anuary  30.  One  hun 
seventy-five  pounds  of  powder  were  placed  near  the  top  of  the 
exploded  in  11  feet  of  water.  The  explosion  shattered  the  voc\ 
not  materially  increase  the  depth  of  water.  It  was  then  deter 
have  an  examination  of  the  rock  made  by  a  diver  in  armor.  He 
that  '*  the  rock  was  broken  considerably  where  the  two  blasts  h 
place  ;  that  no  large  fissures  had  been  made,  and  that  the  rock  ^ 
jag;ie<l  in  many  places."  lie  brought  up  an  armful  of  specime: 
rock  winch  we  had  broken  off*. 

Third  experiment,  February  9.    One  hundred  and  seventy-fiv 
of  powder  were  pla(;ed  near  the  west  end  of  the  rock,  in  14  feet 
and  exploded.    Water  was  thrown  to  the  height  of  40  feet,  anci 
vey  indicated  that  about  11  cubic  yards  of  stone  had  been  renu 

Fourth  experiment,  February  19.  Two  blasts  of  125  pounds  e 
exploded  in  succession  in  20  feet  of  water.    About  15  cubic 
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Eighth  experiment,  March  7.  The  remaining  charge  of  175  pounds 
was  exploded  in  18  feet  of  water;  a  large  volume  of  water,  probably  50 
feet  in  height  and  nearly  as  much  in  diameter,  was  thrown  up.  The 
survey  showed  that  eight  and  one-half  cubic  yards  of  stone  had  been 
removed. 

The  experiments  just  made  show  that  the  charges  of  175  pounds  of 
powder  produced  the  best  results,  averaging  about  6.17  cubic  yards  per 
blast. 

The  125-pound  charges  averaged  about  five  cubic  yards  i)er  blast, 
while  the  75-poiuid  charge  produced  but  little  effect.  It  is  thought  that 
much  loose  rock  remained  where  the  blasting  occurred,  which,  had  it  been 
removed,  would  have  increased  the  average  somewhat,  probably  30  per 
cent.  I  am  also  inclined  to  think  that  much  bett-er  results  would  have 
obtained  had  we  used  strong  iron  vessels  to  contiiin  the  powder,  instead 
of  wooden  casks. 

Number  of  charges  of  powder  used 12 

Number  of  experiments 8 

Total  amount  of  stone  removed  in  cubic  yards 475 

Total  expense  incurred,  including  use  of  surveying  vessel 

Marcy,  officers  and  crew $3, 417  42 

Average  cost  of  removing,  per  cubic  yard 09  05 

Cost  of  removing  Blossom  Rock  at  this  rate  to  a  depth  of  18 

feet  water,  mean  low  tide 69, 050  00 

The  above  amount  would  be  the  cost  of  removing  the  rock  to  this 
depth  if  we  could  continually  average  a  pressure  of  18  feet  water  on  each 
charge;  but  when  the  pressure  is  less,  which  necessarily  follows  as  we 
approach  the  top  of  the  rock,  the  expense  per  cubic  yard  increases 
rapidly ;  and,  judging  from  experiments  one  and  two,  I  do  not  think  that 
twice  the  amount,  or  $138,100,  would  be  too  large  an  estimate.  To  obtain 
a  depth  of  25  feet  water,  mean  low  tide,  would  require  the  removal  of 
3,345  additional  cubic  yards  of  stone,  which  at  an  average  cost  of  $69  05 
per  cubic  yard  would  make  the  cost  of  the  additional  seven  feet  of  depth 
cost  $230,972  25,  or  for  the  removal  of  the  whole  rock  to  a  depth  of  25 
leet,  mean  low  tide,  a  cost  of  $300,022  25. 

A  few  suggestions  might  not  be  out  of  place  here.  If  Blossom  Eock 
must  be  removed,  I  think  it  can  be  done  more  economically  by  drilling, 
and  afterwards  by  surface  blasting,  than  by  surface  blasting  alone.  But 
as  the  tide  is  very  strong  over  the  rock,  drilling  might  at  first  be  consid- 
ered rather  a  difficult  matter.  This  can  be  easily  overcome  by  building 
a  framework  of  timber  and  iron  as  per  annexed  figure,  setting  it  in  the 
rock  where  we  wish  to  drill,  placing  a  portable  4-inch  cylinder  engine  on 
top  of  the  frame,  drilling  with  the  engine  to  the  required  depth,  inserting 
the  charge,  (nitroglycerine  or  powder,)  removing  the  frame,  and  explod- 
ing the  charge  by  means  of  a  battery.  After  sufficient  rock  had  been 
removed  in  this  manner  to  enable  us  to  ha\e  a  depth  of  18  feet  of  water 
at  high  tide,  then  surface  blasting  can  be  advantageously  used. 

Estimated  cost  of  removing  Blossom  Rock  in  this  manner  to  a  depth 
of  25  feet  water,  low  tide: 

Cost  of  engine,  sliding  boxes,  pipe,  spuds,  &c $2, 173  50 

Schooner  for  powder  and  quarters  for  men  for  one  year 3, 000  00 

Sc^ow 1, 500  00 

Engineer  for  one  jTar 3, 600  00 

Four  laborers,  at"$150  per  month,  1  year 7, 200  00 

Overseer 3, 600  00 


Description  of  frame  proposed  to  he  used  in  drilling  Blossom  Roc 

The  three  vertical  legs  are  of  wood,  in  each  of  which  is  an  iroi 
with  cogs,  technically  termed  "  spuds,"  and  which  are  made  to  w( 
and  down  by  means  of  a  cog  wheel  fastened  to  each  leg.  The  hori 
jframes  ABC  and  ah  c  are  of  wood.  The  engine  is  placed  on  th< 
of  a  h  e.  The  upper  frame  A  B  C  is  used  to  hoist  the  engine  frc 
scow  to  its  proper  plaee  as  well  as  to  give  additional  strength  to  tliei 
H  I  K  are  iron  bars ;  they  are  four  feet  from  the  bottom  of  thi 
of  the  frame.  The  whole  frame  is  now  placed  on  a  scow,  the  irt 
H  I  K  resting  on  her  decks,  the  legs  of  the  frame  beneath  the  irou 
hanging  over  her  sides.  The  scow  is  taken  to  Blossom  Kock,  on 
there  is  five  feet  of  water,  mean  low  tide ;  is  anchored  there  unti 
before  the  time  of  low  water ;  the  spuds  are  allowed  to  slide  dowi 
they  rest  securely  on  the  rock ;  are  then  made  fast,  engine  raised 
proper  x>lace,  and  scow  hauled  away.    All  is  then  ready  for  driUiu 


U4. 


Headquarters  Corps  of  Engdteees 
Washingtwij  D,  C,  June  22,  IS 

General  :  In  reply  to  the  request  of  the  chairman  of  the  Coimh 
on  Commerce,  United  States  Senate,  of  June  5,  for  information  reli 
to  the  necessity  and  propriety  of  legislating  in  accordance  with  the 
tion  of  citizens  of  California  for  an  appropriation  to  improve  the  ha 
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In  the  letter  of  Mr.  D.  B.  Hoffman,  accompanying  the  petition,  it  is 
stated  that  *'  the  destruction  of  said  harbor  is  not  caused  by  its  present 
channel  inside  of  the  Heads  being  filled  up,  asthLs  portion  of  it  is  now 
the  same  as  it  was  when  sounded  15  years  ago;  but  the  sand,  &c.,  which 
is  brought  down  the  liver  annually  by  the  freshets  and  floods,  is  washed 
out  by  the  tide  and  deposited  on  the  bar  at  the  entrance.  This  is  what 
it  is  desired  to  remedy,  and  what  would  be  effectually  remedied  by  turn- 
ing the  said  river  into  False  bay  as  proposed." 

This  statement  of  Mr.  Hoffman  would  seem  to  point  to  the  bar  at  the 
entrance  as  the  obstacle.  Whether  the  bar  is  formed  from  the  salid 
brought  down  by  the  river,  or  by  the  current  alongshore  outside  the 
Heads,  or  whether  it  is  not  due  to  the  combined  influence  of  both,  is  a 
question  that  can  only  be  determined  after  a  detailed  survey  and  exam- 
ination have  been  made  of  the  whole  subject.  This  investigation  may 
be  made  under  the  appropriation  for  surveys  and  examinations  on  the 
Pacific  coast,  for  which  an  estimate  is  now  before  Congress. 

The  letter  of  the  chairman  of  the  Committee  on  Commerce,  United 
States  Senate,  is  herewith  returned,  together  with  the  petition. 
Very  respectfully,  your  obedient  servant, 

A.  A.  HUMPHKEYS, 
Brigadier  General  of  Engineers,  Commanding. 

Mjyor  General  J.  M.  Schofeeld, 

Secretary  of  War. 


U  5. 

San  Francisco,  April  13, 1868. 

General  :  Your  letter  of  August  12, 1867,  directing  me  to  prepare 
and  transmit  to  the  headquarters  of  the  corps  a  project  and  estimate  for 
the  improvement  of  the  harbor  neap  Point  Sal,  California,  as  soon  as  I 
shall  have  received  the  map  of  the  survey  and  other  information  bear- 
ing upon  the  subject  from  the  proper  assistant  of  the  Coast  Survey,  was 
received  by  me  a  few  days  before  I  sailed  for  the  east  on  temporary  duty 
in  Washington  and  New  York.  On  my  return  to  this  place  in  February 
last,  I  found  there  had  been  sent,  to  my  office  for  my  information,  from 
the  Coast  Survey  office,  a  tracing  of  the  roadstead  near  Point  Sal. 
Having  made  an  examination  of  the  map,  I  concluded  that  an  examina- 
tion of  the  locality  also  would  be  ad\isable,  to  obtain  full  data  from 
which  to  form  the  project;  and  as  other  duties  prevented  me  from  doing 
this  in  person,  I  have  sent  my  assistant.  Lieutenant  Heuer,  United  States 
engineers,  to  the  point  for  the  purpose.  He  having  retuinied,  and  given 
me  the  information  he  gained,  I  have  the  honor  to  submit  the  following 
report,  with  project  and  estimate : 

The  indentation  on  the  coast  between  Point  Sal  and  the  point  some 
two  miles  below  is  called  on  the  Coast  Survey  map  "  the  roadstead  under 
Point  Sal,"  and  this  is  its  proper  designation,  as  in  its  present  state  it  is 
not  a  harbor,  which  is  defined  to  be  a  port  or  haven.  While  the  dis- 
tance between  the  two  salient  points  is  about  two  miles,  the  depth  of 
the  indentation  is  less  than  one  mile.  The  direction  between  these  two 
points  is  west  25°  north,  and  east  25^  south ;  hence  the  roadstead  is  open 
to  southeast  and  southwest  winds,  which  are  the  prevailing  winds  during 
the  winter  months,  when  violent  gales  are  often  experienced ;  and  hence  a 
harbor  of  refuge  at  this  or  any  other  point  between  San  Francisco  tax^LsL 
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San  Diego  would  be  a  great  benefit  to  navigators.  During  the  sammeT 
months  the  prevailing  winds  are  from  the  northwest^  and  are  seldom 
violent.  Against  them  Point  Sal  forms  a  natural  protection.  The  lati- 
tude of  Point  Sal  is  34o  55'  north,  the  longitude  about  120°  W  west, 
and  the  magnetic  variation  about  13Jo  east.  In  the  Coast  Survey  tracing 
furnished  me,  a  meridian  line  has  been  drawn,  but  the  tracing  exhibits 
no  evidence  to  show  whether  the  line  is  true  or  magnetic ;  but  from  tbe 
examination  of  other  maps  of  the  coast  I  infer  that  it  is  a  magnetic 
meridian. 

Lieutenant  Heuer  reports  that  from  the  extremity  of  Point  Sal,  at  the 
sea  level,  the  ground  gradually  rises,  in  less  than  three-fourths  of  a  mile, 
in  a  northeastiU'ly  direction,  to  a  Coast  Survey  station  marked  on  the 
tracing  Apeak,  tiie  altitude  of  which  is  1,200  feet.  The  country  in  the 
immediate  vicinity  of  Point  Sal  is  hilly,  the  peaks  varying  from  1,000  to 
1,500  feet  above  the  sea.  Towards  the  northwest,  distant  about  six  miles^ 
and  on  the  seaward  side  of  the  hills,  there  is  a  large  sand  Hat,  two  or 
three  miles  long,  and  nearly  as  broad.  Towards  the  northeast,  distaot 
about  six  miles,  and  in  rear  of  or  beyond  these  hills,  the  country  is  one 
vast  agricultural  plain,  embracing  many  thousand  acres  of  farming  land 

The  country  within  a  circuit  of  100  rnile^  from  Point  Sal  is  sparselj 
settled.  Each  of  several  ranchos  near  the  point,  containing  over  40,000 
acres  each,  is  owned  by  one  person.  The  rancho  on  which  Point  Sal  is 
situated  contains  43,0(K)  acres. 

The  hills  back  of  this  roadstead  are  composed  of  metamorphic  sand- 
stone, quite  hard  and  brittle.  This  rock  can  be  conveniently  quarried 
in  blocks  or  masses  of  large  size.  From  its  nature,  it  is  probable  that 
the  action  of  the  waves,  should  the  blocks  be  deposited  in  the  sea, 
would  have  the  eft'ect  of  gradually  wearing  the  edges  and  reducing  the 
size  of  the  blocks. 

To  make  a  harbor  of  this  place  two  arms  would  have  to  be  built  out 
into  the  sea.  Their  suggested  positions  are  shown  by  the  red  lines  of 
the  tracing.  One  would  start  from  near  the  extremity  of  Point  Sal  and 
run  to  Seal  Rock,  and  from  thence,  in  a  direction  about  east  25^  south, 
magnetic,  making  the  whole  line  4,620  feet.  The  other  arm  would  start 
near  the  i)oint  marked  on  the  trjicing  as  O.  Reef,  and  would  extend, 
about  west  25^  north,  magnetic,  for  a  distance  of  5,430  feet.  The  two 
arms  of  this  suggested  breakwater  would  be  separated  by  200  yards. 
These  could  give  a  harbor  containing  444  acres,  with  a  depth  of  water 
3  fathoms  and  upwards;  381  acres,  with  a  depth  of  water  of  4  fathoms; 
319  acres,  with  a  dei)th  of  water  or  5  fathoms ;  254  acres,  with  a  depth 
of  water  of  6  fathoms;  157  acres,  with  a  depth  of  water  of  7  fathoms; 
52  acres,  with  a  depth  of  water  of  8  fathoms. 

The  crest  or  to])  should  be  30  feet  in  width,  and  five  fe^t  above  the 
highest  spring  tide.  The  interior  slope  should  be  45°.  The  portion  of 
the  exterior  slope  that  is  above  the  highest  water  should  be  two  hori- 
isontal  to  one  vertical.  Between  the  highest  and  lowest  spring  tides  it 
should  have  a  slope  of  11  horizontal  to  2  vertical;  and  below  the  low- 
est spring  tide  it  should  have  a  slope  of  three  horizontal  to  one  vertical 
Such  a  breakwater  would  require  2,841,268  cubic  yards  of  materials,  as 
the  one  arm  would  contain  1,455,266,  and  the  other  1,386,002  cubic 
3ards. 

The  average  of  five  estimates  (made  by  as  manj'  different  engineers 
in  1847)  for  the  construction  of  Dover"  breakwater  was  $1.5,989,878. 
That  breakwater  was  estimated  to  require  about'  6,500,000  cubic  yards 
of  stone,  which  would  make  the  estimated  cost  i)er  cubic  yard  |2  40. 

The  Plymo\\t\\\)iea>5.v?vx\;^x  QiQ^\;  %^  5Q  ^er  cubic  yard,  which,  at  the 
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fwe  rate,  would  make  a  breakwater  at  Point  Sal  (of  2,841,268  cubic 
rds)  coat  $9,944,438,  or,  in  round  numbers,  $10,000,000. 
Since  the  structures  above  referred  to  have  been  Duilt,  the  price  of 
)or  generally  has  been  greatly  increased,  and  the  price  of  labor  in 
lifomia  is  very  high.  It  is  probable  that  the  price  per  cubic  yard  of 
B  suggested  breakwater  at  Point  Sal  would  be  considerably  greater 
an  $3  50  per  cubic  yard. 

But  whether  ithe  estimate  for  this  one  is  large  or  not,  all  experience 
s  shown  that  no  breakwater  of  any  magnitude,  intended  to  form  an 
'ificial  harbor  or  a  sea-coast,  must  cost  millions  of  dollars.  If  the 
ae  comes  when  the  interests  to  be  protected  are  so  great  as  to  demand 
5  construction  of  a  breakwater  at  some  point  between  San  Francisco 
d  San  Diego,  a  board  of  engineers  should  examine  every  point  thought 
be  eligible  for  the  purpose,  and  spend  much  time,  and  make  experi- 
'uts,  and  collect  statistics,  so  as  to  determine  which  point  is  best. 
When  one  place  has  been  selected  and  minutely  surveyed,  one  engi- 
er  should  be  selected  to  visit,  examine,  and  report  upon  all  similar 
?akwaters  in  Europe  and  America.  After  gaining  experience  from 
s  study,  he  should  make  out  a  detailed  project,  explaining  exactly  the 
y  in  which  the  work  should,  in  his  opinion,  be  done;  the  kind  of  ma- 
Inery  to  be  employed,  the  materials  to  be  used;  whether  natural 
>ne,  as  in  England,  or  artificial  stone,  as  at  Algiers ;  and,  in  fact, 
grything  giving  light  upon  the  subject,  with  detailed  estimates  based 
more  reliable  data  than  the  reported  cost  of  somewhat  similar  stmc- 
^s  built  a  decade  of  years  ago.  When  the  persons  who  have  the 
thority  approve  and  adopt  the  plan,  the  work  can  commence. 
[  have  the  honor  to  be,  very  respectfully,  your  obedient  servant, 

E.  8.  WILLIAMSON, 
Major  of  Eng^ineerSy  Bvt  Lieut  Colonel  U,  8.  A, 

Seneral  A.  A.  Humphreys, 

Chief  of  Engineers  Z7.  8.  Army. 


APPENDIX  V. 

Office  of  Public  Buildings,  Grounds,  and  Works, 

U,  8.  Capitol,  Washington  City,  D.  C,  8epteniber  30, 1868. 

GENERAL :  The  following  report  of  the  condition,  at  the  close  of  the 
t  fiscal  year,  of  the  several  public  buildings,  grounds,  and  works  in 
'  charge^  and  under  my  supervision,  is  respectfully  submitted  for  your 
isideration. 

RIVER  CHANNEL  IMPROVEMENTS. 

3y  orders  from  headquarters  Corps  of  Engineers,  No.  67,  dated  July  27, 
)7,  the  examination  and  surveys  of  the  Potomac  river,  in  the  District 
Oolumbia,  were  assigned  to  me,  with  instructions  to  report  upon  some 
item  of  improvement  in  reference  to  its  navigation.  A  detailed  report, 
:h  accompanying  maps  of  the  last  survey,  and  also  of  those  made  in 
5vious  years,  was  presented  on  the  30th  of  April,  and  plans  submitted 
accomplishing  the  object.  The  following  is  a  brief  recapitulation  of 
i  suggestions  then  made,  and  which  subsequently  met  your  approval, 
was  recommended  in  the  first  instance  to  dredge  out  that  portion  of 
3  Virginia  or  Georgetown  channel  where  the  existence  of  the  shoal  water 


executing  the  dinerent  sections  of  the  work  5  the  sum  total  is  n 
for  its  entire  completion,  and  the  whole  amount  can  be  pr 
expended  in  the  present  fiscal  year,  should  an  appropriation  b 
during  the  early  part  of  the  next  session  for  that  purpose.  The  ii 
ment  is  located  in  the  commercial  district  of  Georgetown,  and  t 
nage  of  vessels  belonging  to  the  district  amounts  to  22,455  ton 
collector  furnishes  the  following  information : 

The  number  of  vessels  entered  for  the  last  year,  (1867,)  373  :  nnmber  of  vesse 
for  same  time,  205.  You  cannot  jadge  of  the  amount  of  business  done  in  thi 
from  the  number  of  vessels  entered  and  cleared,  for  those  in  the  coastin|2f  trsd 
required  to  enter  or  clear  at  the  custom-house,  unless  they  have  foreign  goods  0 
spirits  on  board ;  there  are  at  least  20  vessels  arriving  here  which  do  not  enter  01 
each  one  that  has  to  do  so. 

Besides  the  very  great  advantages  which  would  ensue  to  Was 
and  Georgetown,  and  in  which  the  general  government  is  deepl 
ested,  by  the  contemplated  improvements,  in  a  business  and  c^in 
point  of  view,  other  most  beneficial  results  would  be  derived  fi*c 
execution.  The  low  marshy  flats  which  now  line  the  river  fron 
city,  tending  so  much  to  induce  an  unhealthy  condition  of  the 
phere,  and  presenting  so  unsightly  an  appearance,  would  be  m 
and  in  a  short  time,  it  is  to  be  hoped,  greatly  enhance  the  eth 
beauty  of  the  public  grounds  about  the  monument  which  is  being 
to  the  memory  of  Washington.  Again,  by  opening  a  cut  for 
Tiber,  or  what  is  now  styled  a  canal,  to  pass  into  deep  water  of 
channel,  the  sewerage  of  the  city,  a  subject  which  should  receive  t 
careful  and  studied  attention  on  the  part  of  every  inhabitant,  15 
scoured  off  by  the  strong  current  of  the  riv^er,  instead  of  spreadi 
the  flats  and  generating  pestilential  vapors  with  which  to  inl 
whole  community.  These  great  advantages  will  certainly  des( 
consideration  of  Congress,  of  the  corporations  of  the  two  cities 
ev^ery  reflecting  citizen,  and  compensate  for  the  comparaitivel 
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that  has  been  required.  Tlie  !Xavy  Yard  bridge,  over  the  jsame  branch, 
is  constantly  in  want  of  repaii'S  to  the  flooring  of  the  roadway,  in  conse- 
quence of  the  great  amount  of  travel  over  it.  A  new  walk  has  to  be 
laid  for  pedestrians,  and  the  causeway  approaching  it  reqmres  to  be  raised 
and  re-gravded.  Uniontown,  at  the  eastern  terminus  of  the  bridge,  is 
constantly  increasing  in  numbers,  and  a  large  proportion  of  it«  popula- 
tion and  that  of  the  surrounding  country,  together  with  great  quantities 
of  produce,  pass  over  this  bridge  into  the  city  of  Washiugton.  Appli- 
cation has  been  made  to  Congress  to  incorporate  the  Uniontown  and 
Washington  City  Raikoad,  with  authority  to  construct  and  lay  down  a 
double  or  single  track  railway  through  and  along  certain  avenues  and 
streets,  and  then  across  this  same  bridge.  A  resolution  of  the  Senate  of 
the  United  States,  June  20, 1808,  directs  me  "  to  make  a  survey  of  the 
lower  bridge,  known  as  the  'Saxy  Yard  bridge,  across  the  Anacostia,  and 
report  a  plan  for  a  permanent  structure  across  the  same,  at  or  near  the 
present  site,  capable  of  sustaining  a  railway  track  and  cars,  with  a  foot- 
way on  each  side  of  the  carriage  track,  with  an  estimate  of  the  cost  of 
the  same.''  Surveys  for  the  site  have  been  made,  and  a  report  with  plans 
will  be  in  readiness  to  submit  to  you  in  time  for  the  next  session  of  Con- 
gress. 

The  Long  bridge  was  plaeed  in  as  good  repair  during  the  last  year 
as  the  small  amount  of  Uie  appropriation  would  admit,  and  has,  until 
very  recently,  been  kept  in  a  passable  state. 

The  draws,  however,  have  been  constantly  getting  out  of  order,  and 
lately  it  was  deemed  necessary  to  suspend  travel  over  the  bridge  in  order 
to  replace  the  heavy  weighty  one,  near  the  north  terminus,  by  an  entirely 
new  and  lighter  plan,  and  to  thoroughly  overhaul  the  south  one.  In 
addition  to  this  improvement  repairs  are  being  made  to  the  roadway  and 
footwalks,  and  the  brick  walls  and  railing  are  l^ing  renovated  and  white- 
washed. Owing  to  the  general  worthless  constniction  of  this  bridge 
annual  appropriations  will  be  required  to  preserve  it  even  in  passable  con- 
dition. .Work  is,  and  will  be,  required  to  make  it  stand  until  a  more  sub- 
stantial, suitable,  and  architectural  structure  be  built  to  spau  the  mag- 
nificent Potomac.  In  the  event  of  the  improvement  of  the  channels  of 
the  river,  the  causeway  should  certainly  be  removed.  In  my  report  upon 
this  subject  it  was  stated  "  that  the  bridge  question  was  so  intimately 
associated  as  to  necessarily  form  a  part  of  the  discussion.''  It  continued 
to  say  that  some  '*  very  interesting  and  comprehensive  reports  in  refer- 
ence to  bridging  the  Potomac  at  several  points  have  been  carefully 
examined,  and  the  subject  found  to  be  very  thoroughly  exhausted. 
Should  either  of  the  plans  proposed  in  reference  to  the  present  site  of 
the  Long  bridge  be  adopted,  it  would  necessitate  the  removal  of  the 
causeway."  In  the  judgment  of  the  engineers  who  have  examined  the 
subject,  the  present  locality  of  the  bridge  does  not  possess  any  particular 
advantage,  save  more  direct  communication  between  the  city  and  the 
Virginia  shore,  while  it  certainly  possesses  very  great  disadvantages. 
The  necessary"  greater  length  of  a  permanent  bridge  at  this  point  would 
render  its  construction  proportionately  more  expensive,  and  it  could  not 
be  well  built  without,  as  it  now  does,  seriously  interfering  with  naviga- 
tion ;  one  or  more  draws  w^ould  certainly  be  required,  which  must  prove 
a  very  great  hindrance  to  travel,  especially  that  by  railway,  as  well  as  to 
the  passage  of  vessels.  The  greater  danger  to  travelers  is  a  matter  to 
be  carefully  considered,  as  many  accidents  are  constantly  occurring  from 
carelessness  in  attending  the  draws.  The  Long  bridge  has  been  for  so 
many  years  the  means  of  intercourse  between  the  city  and  the  opposite 
shore,  that  it  would  be  very  difficult  to  divert  attention  from,  the^  <^\.^ 
well-beaten  track. 
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The  Aqueduct  bridge,  over  those  splendidly  built  piers  constructed  some 
30  years  ago  by  Colonel  Turnbull,  is  now  being  arranged,  in  addition  to 
canal  purposes,  for  ordinary  road  travel,  by  the  company  leasing  the 
Alexandi'ia  c^inal.  It  is  to  be  opened  to  the  public  on  or  before  tbe 
first  of  March  of  the  coming  year.  Certain  rights  and  privileges  have 
been  granted  this  company  by  the  government  and  the  State  of  Virginia. 
By  an  act  relating  to  the  Alexandria  canal,  approved  July  27,  1868,  the 
company  is  authorized  and  empowered  to  maintain  and  operate  said 
aqueduct,  and  to  credit,  build,  operate,  and  maintain  upon  and  over  the 
stone  piers  upon  which  the  aqueduct  now  rests,  in  conjunction  therewith, 
a  bridge  of  wood,  iron,  or  stone,  with  one  or  more  ways  for  the  passage 
of  persons,  animals,  and  vehicles,  and  also  with  one  or  more  tracks  for 
the  passage  of  engines  andc  ars;  and  that  as  soon  as  the  Chief  Engineer 
of  the  army  shall  certify  to  the  Secretary  of  War  that  the  said  bridge  \b 
completed,  the  company  may  demand  and  receive  certain  specified  tolk 

The  Chain  bridge  over  the  Potomac,  at  the  Little  Falls,  about  three 
miles  above  Georgetown,  is  still  in  a  very  dilapidated  condition.  Owini: 
to  the  late  period  of  the  last  session  of  Congress  at  which  the  appropri- 
ation was  made  for  repairing  it,  very  little  has  been  done.  Work  will  be 
resumed  upon  the  receipt  of  the  necessary  material  and  i)ushed  rapidly 
forward.  It  is  believed  that  the  sum  apijropriated  will  be  suflicient  to 
l^lace  it  in  good  repair  and  preserve  it  so  for  many  years ;  the  ordinary 
wear  and  tear  of  the  roadway  will  alone  have  to  receive  attention.  There 
is  a  very  great  amount  of  travel  over  it ;  large  quantities  of  produce 
and  thousands  of  head  of  cattle  reach  the  Greorgetown  and  Washington 
markets  by  this  bridge. 

Avercufe  amount  of  travel  over  Potomac^  Navy  Yard,  Little  FalUj  and 

Bennin^s  bridges  per  Month. 
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PUBLIC   SQUARES,  RESERVATIONS,  NATIONAL  PARK. 

In  my  last  annual  report  it  was  stated  that  ^'  the  i)lan  adopted  bj 
General  Washington  for  laying  out  the  capital  of  the  nation  consists  of 
wide  streets  and  avenues  intersecting  each  other ;  the  former  running 
from  north  to  south,  designated  by  numbers,  and  from  east  to  we^st,  called 
by  letter,  cross  each  other  at  right  angles ;  these  are  again  cut  diagonjUJy 
by  avenues  bearing  the  names  of  the  different  States  of  the  Union.    In 
consequence  of  this  system  many  public  places  have  been  formed,  consist- 
ing of  triangles,  circles,  and  squares  5  in  different  parts  of  the  city  sec- 
tions are  set  apart  as  reservations  for  the  benefit  of  the  citizens  and  for 
public  buildiiiga.    ^lovi^  ol  \X\fe^^\k5XN^  ^x^^^i-^  laeen  beautified,  and  tlie 
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remaining  ones  should  be  improved  as  eai-ly  as  iwssible.  While  adding 
so  mucli  to  the  appearance  of  the  city,  they  at  the  same  time  largely 
contribute  to  the  health,  pleasure,  and  recreation  of  its  inhabitants.^' 

Lincoln  square  is  located  at  some  distance  to  the  east  of  the  Capitol, 
and  is  the  onlj"  public  reservation  in  that  section  of  the  city  which  is 
undergoing  any  improvement.  It  is  one  of  the  largest  squares,  being 
about  825  feet  in  length  by  335  feet  in  breadth,  and  was  especially  ordered 
to  be  laid  out  by  act  of  Congi^ess,  as  a  tribute  to  the  memory  of  the  dis- 
tinguished man  by  whose  name  it  is  called.  Not  much  more  can  be  done 
towards  its  adornment  during  the  present  fiscal  year  than  to  fill  it  up  to 
the  proper  grade  of  the  surrounding  avenues  and  streets,  and  in  the  fall 
to  plant  trees  and  shrubbery.  No  less  than  four  avenues,  Massachusetts, 
Kentucky,  North  Carolina,  and  Tennessee,  and  four  streets.  East  Capi- 
tol, Eleventh,  Twelfth,  and  Thirteenth,  radiate  from  it,  and  the  main 
thoroughfare,  Pennsylvania  avenue,  is  not  far  distant ;  it  is  therefore 
one  of  the  most  accessible  squares  in  the  city,  and  will  in  time  become 
one  of  the  most  ornamental  shoiUd  the  necessary  api)ropriations  be  made 
to  continue  the  improvements  which  have  been  commenced  ;  the  one  for 
the  present  fiscal  year  will  soon  be  expended,  and  another  is  submitted 
for  continuing  the  work. 

Capitol  grounds. — ^No  appropriation  has  been  made  for  some  time  for 
the  improvement  or  preserving  these  grounds ;  save  to  trim  the  trees,  mow 
the  grass,  and  clean  the  walks,  very  little  has  been  attempted.  The  gi'ounds 
in  the  east  have  been  a  gieat  resort  for  parties  desiring  to  indulge  in  the 
game  of  croquet,  and  on  one  day  in  the  week  becomes  a  favorite  place  for 
the  denizens  of  the  city  to  listen  to  the  music  of  the  band  attached  to  the 
Biarine  corps.  Owing  to  the  trampling  of  f«et  over  the  grjiss,  and  the 
severe  drought  during  the  summer,  it  at  one  time  failed  to  present  a  very 
attractive  api>earance.  Orders  had  to  be  given  to  cease  the  favorite  game, 
and  through  the  intervention  of  refreshing  showers  the  grounds  soon 
resumed  their  accustomed  attractiveness.  In  consequence  of  the  gradual 
rise  of  these  grounds  away  from  the  Capitol,  the  view  of  that  magnificent 
building  is  concealed  from  the  more  eastern  sections  of  the  city.  The 
grade  should  be  made  to  descend  from  the  structure,  so  as  to  place  it  in 
a  more  commanding  position.  The  earth  excavated  li'om  this  section 
will  be  needed  in  the  further  extension  of  the  public  grounds  sun*ound- 
ing  the  Capitol.  A  bill  for  the  puq)ose  of  enlarging  them  has  been 
introduced  into  the  Senate,  proposing  <'to  extend  them  between  First 
street  east  and  First  street  west,  northwardly  to  the  south  side  of  north 
B,  and  southwardly  to  the  noi-th  side  of  south  B  street,  including,  in 
addition  to  so  much  of  the  reservations,  avenues,  and  streets  as  are  neces- 
sary for  such  extension,  the  two  squares  designated  on  the  plan  of  the 
city  of  Washington  as  687  and  G88,  respectively.''  The  enlargement  has 
been  carried  on  under  the  immediate  supervision  of  the  architect  of  the 
Capitol.  It  is  to  be  regretted  that  heretofore  the  appropriations  have 
been  so  very  limited  as  scarcely  to  be  able  to  make  an  impression  or  give 
an  insight  into  the  plan  of  the  proposed  improvement.  It  is  to  be  hoped 
that  futiu-e  legislation  will  remedy  this  defect,  and  that  ere  long  the  mag- 
nificent pile  will  stand  out  in  all  its  superb  proportions,  untrammeled 
and  not  disfigiu'ed  by  its  present  surroundings.  In  this  immediate  con- 
nection attention  should  be  directed  to  that  part  of  the  city  by  which  the 
great  line  of  railroad  from  the  north  approaches  the  capital.  It  is  a  con- 
stant marvel  to  every  visitor  and  traveler  that  so  little  has  been  done 
towards  the  advance  of  imi)rovement  in  that  direction.  Under  the  very 
eaves  of  the  Capitol,  within  a  stone's  throw  of  its  north  portico,  the  eye 
is  forced  to  rest  upon  one  of  the  most  unfinished,  uuaettted,  ^w^  Q>Sfe\SL- 


from  having  been  left  ungraded  for  many  years  past ;  no  attem] 
been  made  to  render  it  even  accessible,  much  less  to  improve  it. 
part  of  the  city  streets  are  being  opened  and  the  grades  ei^tablis 
here  we  have  the  spectacle  of  a  fine  broad  avenue,  directly  in  fro 
north  wing  of  the  Capitol,  left  in  a  most  deplorable  condition 
legislative  action  should  be  taken  to  remedy  the  evW  by  chaiij 
line  by  which  the  railroad  enters  the  city;  if  correctly  infon 
company,  some  years  ago,  proposed  a  plan  with  that  object  in  vii 
grounds  to  the  west  of  the  Capitol  have  always  presented  a  ve 
some  appearance,  and  have  been  kept  in  excellent  order.  Ii 
quence  of  their  being  of  rapid  growi:h.  a  great  many  very  ordina 
principally  species  of  i)oplar,  have  been  planted  and  allowed  to 
and  spread,  to  the  great  injury  and  crowding  of  more  valn^ 
beautiful  kinds;  it  is  my  intention  to  have  them  removed  at 
day.  The  iron  fence  and  its  foundations  will  be  repainted  and  rei 
and  other  repairs  made,  an  appropriation  having  been  made 
purpose. 

The  improvements  in  the  botanical  garden  are  progressing  v€ 
factorily.  The  work  on  the  culvert,  which  so  beneficially  tn 
the  exi)osed  bed  of  that  portion  of  the  Tiber  parsing  through  the 
into  an  extensive  sewer,  and  enables  a  uniform  grade  to  be  est^ 
was  suspended  last  year  in  consequence  of  the  smallness  of  th 
l>riation,  but  the  work  has  since  been  resumed,  and  will  be  cc 
in  a  very  short  time.  This  will  prove  a  valuable  addition,  and  i 
to  be  regretted  that  means  are  not  available  to  extend  it  over  1 
cent  portions  of  the  canal.  The  work  on  the  fence  around  the 
has  been  suspended  for  want  of  funds;  an  api)ropriation  for  t 
the  inclosure  is  included  among  my  estimates.  As  has  been 
stated,  the  pavement  on  the  north  front  (the  south  side  of  Penn.' 
avenue)  should  be  regraded  and  repaved,  a«  it  is  now  much  b< 
grade  of  the  avenue.    A  pavement  should  also  be  laid  along  ]M 
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This  garden,  one  of  the  most  delightful  features  about  Washington, 
and  particularly  to  strangers,  has  become  a  great  point  of  attraction ; 
the  many  rare  exotics,  the  gieat  variety  of  our  own  climatic  plants,  and 
esi>ecially  the  handsome  collection  being  made  of  the  several  varieties 
of  the  many  species  of  trees  which  adorn  our  own  native  soil,  will  ever 
engage  the  attention  of  both  the  curious  and  the  cultured. 

The  grounds  directly  to  the  west  of  this  garden  are  intended  for  pro- 
pagating diflFerent  species  of  plants,  shrubs,  and  trees,  to  be  used  in  the 
embellishment  of  the  diiferent  squares.  Next  adjoining  is  a  reservation, 
upon  which  has  been  constructed  during  the  war,  and  since,  buildings 
for  hospitals,  and  w  arehouses  for  public  stores.  Already  several  of  these 
have  been  removed,  and  before  long  all  of  them  will  disappear,  and  it 
can  then  be  laid  out  according  to  the  plans  originally  adopted. 

The  Smithsonian  grounds,  or  reservation  Ko.  2,  lie  next  in  order  as 
you  proceed  towards  the  west,  and  contain  an  area  of  50  acres.  Only 
one  portion  has  been  tastily  arranged  in  accordance  with  the  design  of 
Mr.  Downing,  and  a  great  deal  of  work  remains  to  be  executed  before 
perfecting  it.  That  part  lying  immediately  south  of  the  Smithsonian 
building  has  yet  to  be  graded  and  drained,  walks  and  drives  to  be 
spread  out  over  its  surface,  and  trees  and  shrubbery  to  be  planted.  An 
iron  fence  should  be  substituted  for  the  wooden  paling,  and  the  walks 
regi'aveled ;  many  other  minor  matters  need  attention.  The  fence  on 
the  north  front,  along  the  canal,  should  be  replaced,  as  soon  as  practi- 
cable, by  a  new  one. 

Appropriations  have  been  earnestly  urged  upon  Congress,  but  scarcely 
a  suthcient  amount  has  been  granted  to  keep  even  a  proper  watch  over 
and  for  the  preservation  of  such  improvements  both  useful  and  orna- 
mental, as  have  already  been  made.  A  magnificent  institute  of  learning, 
and  one  disseminating  practical  knowledge  far  and  wide,  is  certainly 
entitled  to  be  surrounded  by  highly  ornate  works. 

The  grounds  encompassing  the  Agricultural  Department  follow  next 
in  order,  moving  towards  the  west,  and  are  situated  between  the  Smith- 
sonian and  monumental  reservations.  The  building  is  now  entirely  com- 
pleted, save  some  few  interior  arrangements,  and  occupies  a  very  com- 
manding i)osition.  A  fine  \iew  of  the  city  and  parts  of  the  surrounding 
country,  especially  the  river  scenery,  can  be  enjoyed  from  the  different 
stories  of  the  building,  and  from  the  top  the  eye  can  feast  upon  an  exten- 
sive and  almost  uninterrupted  panorama  which  is  beautiful  to  gaze  upon. 
The  grounds,  some  35  acres  in  extent,  were,  until  recently,  occupied  by  the 
department  as  an  experimental  garden,  but  are  now  being  laid  out  into 
drives  and  w  alks,  and  ornamental  plats  for  shrubs  and  flowers,  and  prepara- 
tions are  being  made  for  establishing  a  magnificent  arboretum.  The  report 
of  the  distinguished  Commissioner  of  Agriculture  will,  no  doubt,  describe 
and  illustrate  at  length  the  proposed  plan  of  improvement.  The  drives 
and  walks  are  being  laid  with  the  concrete  pavement,  a  composition  of 
tar,  gravel,  sand,  and  ashes.  The  only  aj^proaehes  to  the  building  are  at 
present  by  Twelfth  and  Fourteenth  streets,  although  it  stands  south  of  the 
canal  and  directly  in  front  of  Thirteenth  street.  A  splendid  ornamental 
iron  bridge  should  be  made  to  span  the  canal  in  the  prolongation  of  this 
street  in  order  to  communicate,  through  the  large  gate  way  which  it  ispro- 
I>osed  to  erect,  with  the  broad  avenue  leading  to  the  main  entrance  of  the 
building;  an  estimate  for  a  suitable  bridge  for  carriages  and  pedestrians 
has  been  prepared  and  submitted.  In  speaking  of  the  approaches  to  the 
two  public  reservations  last  referred  to,  it  is  impossible  to  refrain  from 
calling  the  attention  of  the  corporate  authorities  to  the  condition  of  the 
streets  leading  to  the  canal  in  front  of  them.    Instead  of  b^vw^  V.Vi:^\jVc^^ 
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and  open  for  the  purpose's  of  ventilation  and  health,  they  are  obstructed 
in  everj^  possible  way ;  the  many  persons  frequenting  the  main  avenue 
of  the  city  are  not  able  to  catch  even  a  stray  glimpse  of  the  green  fohage 
of  the  trees,  much  less  obtain  a  view  of  the  buildings  themselves ;  market 
stalls  extend  over  the  pavements,  houses  protrude  beyond  the  building 
lines,  piles  of  lumber  block  up  the  way,  junk  shops  encroach  upon  the 
public  grounds,  rubbish  is  allowed  to  accumulate,  and  only  within  the 
last  few  weeks  permits  have  been  granted  to  erect  stalls  and  shops  on 
the  prolongation  of  the  center  of  one  of  the  streets,  which  win  entirely 
obscure  the  Smithsonian  grounds  from  view.  If  my  information  is  correct 
no  private  citizen  has  the  right  to  permanently  obstruct  a  street.  The  same 
remarks  are  applicable  to  the  north  and  south  sides  of  B,  or  Canal  street, 
between  Sixth  and  Thirteenth  streets  west.  The  small  pittance  of  gromid 
rent  which  would  accrue  to  the  corporation  fund  for  granting  privileges 
of  the  kind  should  not  be  allowed  to  interfere  with  the  general  health, 

I  the  pleasure,  and  convenience  of  a  large  portion  of  the  population  of  the 

city.  Instead  of  these  many  obstacles  being  thrown  in  the  way  the  streets 
should  be  kept  open,  and  bridges  built  over  the  canal  for  the  convenieuce 
of  those  who  would  seek  recreation  in  the- public  grounds.  The  canal  is 
a  sufficient  nuisance  without  adding  to  its  nauseousness. 

The  Washington  Monument  reservation  still  remains  in  the  same 
unimproved  condition.  The  simple  preservation  of  the  fence  inclosing 
it  is  all  that  has  been  done.    The  grounds  are  capable  of  very  gre^ 

II  adornment,  and  should  not  be  allowed  to  present  the  dull,  wide  waste 

that  they  now  do.  The  locality  is  particularly  pleading,  and  one  from 
which  a  superb  view  of  the  Potomac  can  be  had.  The  still  incomplete 
shaft  of  the  monument  speaks  more  forcibly  than  words.  Can  it  be  \m- 
sible  that  a  nation  boasting  of  its  wealth,  grandeur,  and  extended  domain, 
will  longer  submit  to  the  disgrace  and  dishonor  of  allowing  this  memo- 
rial to  the  greatest  of  our  patriotic  men  to  remain  in  its  present  unsightly, 
unfinished  state  !  The  Congress  of  the  United  States  should  not  hesitate 
to  make  a  liberal  appropriation  for  perfecting  it  in  all  its  details,  at  least 
in  donating  a  sufficient  sum  as  a  nucleus  about  which  the  subscriptions 
of  a  generous  people  will  amply  cluster. 

The  grounds  immediately  around  tlie  President's  house  have  received 
great  attention,  and  oft'er  to  all  a  pleasant  spot  for  recreation.    Thoj^e 
directly  south,  towards  the  canal,  and  bounded  on  the  east  and  west  by 
Fifteenth  and  Seventeenth  streets,  should  now  receive  the  greateiJit 
embellishment.    By  the  proposed  plan  for  the  improvement,  which  was 
adopted  by  the  Secretary  of  the  Treasury,  the  Supervising  Aichitect  of 
the  Treasury  Department,  and  the  late  Commissioner  of  Public  Build- 
ings, a  new  avenue  will  be  opened  for  travel  between  the  two  last  named 
streets,  and  an  appropriation,  for  which  an  estimate  is  submitted,  is 
earnestly  recommended  in  order  to  complete  the  fences,  with  the  neces- 
sary gates,  along  it.    One  is  also  added  for  fences  to  inclose  the  entire 
extent  of  the  reservation.    That  splendid  building,  the  Treasury  Depart- 
ment, is  now  very  nearly  completed,  and  the  various  workshops  con- 
nected with  its  extension  will  soon  be  removed.    It  is  to  be  hoped  that 
the  comparatively  small  amount  required  for  lading  out  and  beautif\iDg 
the  adjacent  grounds  will  be  furnished.    The  magnitude  of  the  work 
demands  that  a  thorough  and  complete  plan  be  adopted  for  the  pnq)Ose 
of  adorning  them.    The  several  reservations  previously  i*eferred  to  com- 
prise what  is  familiarly  known  a«  "  the  Mall,"  stretching  from  the  Capi- 
tol to  the  left  bank  of  the  Potomac.    Their  dimensions  are  amply  suffi- 
cient for  a  limited  park  for  a  large  section  of  the  city.     As  stated'in  my 
last  annual  repott,  ^'^ t\i<i«>^  ^Y^vjo^d^  are  unfortunately  subdivided  by  sev- 
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eral  transverse  streets  running  nortb  and  sontR.  Should  tliey  be  made 
subterraneous,  by  tunneling,  the  diilerent  parts  of  the  mall  might  be 
thrown  into  one,  and  thereby  supply  ample  and  uninterrupted  space  for 
walks  and  drives.  As  this  may  not  be  deemed  practicable  by  many, 
owing  to  the  level  nature  of  the  ground,  and  meet  with  gre  »t  oi)position 
in  view  of  the  expense,  another  plan  is  suggested  to  meet  the  i)resent 
wants  of  the  commiuiity.  Let  the  whole  extent  of  the  reservation  be 
laid  out  in  continuous  caniage  ways,  paths  for  equestrians,  and  walks 
for  pedestrians,  as  if  the  ditterent  parts  formed  a  unit,  dates  with  their 
lodges  could  be  placed  where  the  ditterent  communications  intersect  the 
streets,  the  crossings  between  them  being  handsomely  paved.  The  keep- 
ers of  these  gates  and  grounds,  selected  from  the  many  dependent  and 
worthy  soldiers  and  sailors  who  have  been  disabled  during  the  war,  by 
loss  of  an  arm  or  leg,  could,  by  some  mechanical  arrangement,  wliile 
seatiid  in  their  lodges,  maneuver  the  gates,  opening  or  closing  them  for 
the  passer  by.^  It  was  proposed  during  the  last  session  of  Congress  to 
introduce  a  bill  organi:rtng  a  detachment  or  corps  of  watchmen  from  the 
wounded  and  disabled  of  the  army  to  attend  to  the  duties  above  enu- 
merated. It  was  reported  favjDrably  upon  by  the  House  Committee  on 
Public  Buildings  and  Grounds,  The  channels  of  the  river  should  be 
improved  and  a  large  quantity  of  laiui  reclaimed,  thereby  extending  the 
moumnental  grounds,  and  the  mouth  of  the  Tiber,  or  tlie  basin  of  the 
cuual,  should  be  i)artially  tilled,  also  giving  an  increased  number  of  acres; 
suspension  bridges  should  also  be  thrown  across  the  canal,  uniting  these 
grounds  with  those  south  of  the  President's  mansion.  By  some  such 
plan,  beautiful  and  continuous  dnves  can  be  had  between  the  latter  and 
the  Cajutol,  free  fnmi  all  the  noise  and  bustle  and  dust  of  the  busy  city, 
lleguiations  would  have  to  be  adopted  to  prevent  heavily  laden  trattic 
from  passing  along  the  drives.  One  of  the  most  charming  spots  for 
recreation,  and  one.  where  the  trees  and  shrubbery  have  been  set  out 
with  so  much  taste  and  judgment,  is  Lafayette  square ;  it  has  been  made 
very  beautiful,  but,  owing  to  the  grounds  being  so  level,  the  drainage  is 
defective.  The  government  has  lately  paid  a  very  large  proportionate 
part  of  the  exijcnse  of  constructing  the  sewer  along  the  western  front, 
and  a  vsystem  of  underdrains  leading  into  it  could  Ije  adopted  and  the 
objection  remedied.  The  walks  have  been  graveled,  and,  considering 
the  smaH  force  of  gardeners  allowed,  the  place  has  beeil  kept  in  very 
good  order. 

Owing  to  the  particular  advantage  of  the  locality  Franklin  square  will, 
in  the  course  of  a  few  ^ears,  become  one  of  the  most  splendid  imi)rove- 
ments  in  the  citv.  The  unduhiting  character  of  the  surface  will  always 
add  a  great  charm  to  its  appearance.  A  very  marked  change  has 
already  taken  i>Iace  in  it,  but  a  great  deal  more  has  to  be  done  to  render 
it  what  it  is  capable  of  becoming.  A  large  number  of  trees  of  ditterent 
species  have  been  set  out,  an<l  in  coiu-se  of  time  various  kinds  of  shrub- 
bery will  be  planted.  The  grounds  have  already  been  underdrained,  and 
the  [)aths  substa  ntially  constructed.  It  is  earnestly  urged  upon  Congress 
to  nudvc  an  appropriation,  an  estimate  being  herewith  submitted,  for 
replacing  the  present  dilapidated  paling  fence  by  a  substantial  and 
ornamental  iron  one,  and  also  for  the  purpose  of  further  improving  the 
s<iuare.  For  the  present  fiscal  year  not  one  cent  has  been  appropriated 
either  for  preserving  it  in  its  present  condition  or  even  for  the  pay  of  a 
watchman.  An  ohl  revolutionary  pensioner,  aiul  one  of  the  oldest 
inhabitants  in  the  city,  has  been  temporarily  detailed  to  stand  guardian 
over  this  beautiful  property. 

The  reservation  known  as  Judiciary  square  calls  for  specval  ^UjVi\\V\avsi, 
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the  vjiliie  of  the  adjoining:  property  but  also  aid  in  develoi)ing  the 
nal  plan  of  the  city.  There  are  a  great  many  of  these  vacant 
still  unimproved,  especially  in  that  part  of  the  city  east  of  the  e 
As  the  corporation  has  been  rapidly  lu'ogressing  in  the  march  of  ira 
ment  by  the  opening  and  giading  of  streets,  setting  curbs,  paviii 
ters,  and  laying  pavements,  it  would  seem  expedient  for  the  gover 
to  keep  pace  with  the  progress  being  made.  The  two  triangidar  i 
on  Vermont  avenue,  between  I  and  K  stn»ets,  have  been  united,  an 
form  one  scpmre,  to  which  the  name  of  W^inlield  Scott  has  been 
It  is  proposed  to  make  a  corresponduig  squai^  on  Connecticut  a^ 
between  the  same  streets,  as  soon  as  the  frame  buildings  now  occii 
the  publi(}  ground  can  be  removed.  It  has  been  suggested  by  one 
evening  jourimls  of  the  city  that  names  be  given  to  the  different 
gular  reserv  ations,  and  that  they  be  selected  from  the  list  of  the  nio 
tinguished  poets  and  orators  of  the  nation.  It  might  probably  k 
in  taste  to  call  each  after  some  one  of  the  different  species  of 
I)lanted  in  them.  The  idea  is  a  very  excellent  one  and  should  be  ad 
for  many  reasons.  It  is  also  proposed  to  attiich  to  each  and  ever 
and  shrub  throughout  the  different  grounds  neat  labels,  containii 
only  the  names  by  which  they  are  familiarly  known  but  also  the  l> 
cal  one,  for  the  information  and  education  of  those  who  frequent 
for  pleasme. 

Tlie  citizens  residing  in  the  neighborhood  of  New  Jersey  av 
between  H  and  I  streets,  are  very  anxious  that  a  reservation  for 
belonging  to  the  government  should  be  repurchased,  and  a  squares 
lished  for  the  benefit  of  that  portion  of  the  city.  It  is  a  very  bea 
and  commanding  site. 

The  attention  of  Congress  is  again  respectfully  called  to  the  sele 
of  a  site  for  a  grand  national  park.  By  reference  to  my  last  ai 
report  the  subject  will  be  found  thoroughly  discussed.    That  i)orti 
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d  cabinets  that  minister  to  year  tastes,  that  will  not  freely  be  sanc- 
aied  by  the  people  ;  for  such  in  itself  is  the  establishment  of  a  nation's 
iversity,  whither  all  may  come  to  wonder  .and  to  learn,  and  in  Avhich 
may  feel  a  rightful  jmblic  pride.  A  public  park  should  be  inaugurated 
at  shall  have  no  rival  anywhere  for  beauty,  or  extent,  or  orna men- 
tion, as  it  will  have  none  for  the  illustrious  characters  gathered  from 
whole  continent  in  the  after  time  to  wisely  rule  our  republic  from  this 
nter  of  power.  Let  us  protit  by  the  accumidated  experience  of  so  many 
?tropolitan  cities,  and  so  many  great  nations,  and  secure,  while  we 
ay,  here  at  the  city  of  Washington,  ami)le  scope  for  a  national  park 
>rthy  of  our  people  and  our  country." 

In  all  the  contemplated  improvements  of  the  public  gi'ounds  of  the 
pital,  one  very  ornamental,  as  well  as  sanitary,  feature  should  not  be 
rgotten — the  free  introduction  of  water,  as  jets  Weaii^  fountains,  minia- 
re  laJvCS,  into  each  and  all  of  them,  will  greatly  enhance  their  charms 
'  refiTshing  and  cooling  the  heated  atmosphere  of  summer,  and  by  the 
eservation  in  all  their  natural  beauty  of  the  various  shrubs  and  trees 
liich  adorn  them.  The  abundant  supply  furnished  from  the  Great 
ills  of  the  Potomac,  by  the  Washington  aquedu(5t,  will  be  a  never- 
iling  source  from  which  to  obtain  all  that  may  be  needed  for  such 
iri^oses.  Groui)S  of  statuary  shoidd  be  artistically  arranged  throughout 
e  gi'ounds  as  another  evidence  of  enlightened  taste. 

AVENUES  AND    STREETS. 

But  very  limited  appropriations  were  made  for  the  last  fiscal  year  to  be 
:i)ended  ui)on  the  improvement  of  the  avenues,  20  in  number.    Many 

these  have  been  either  entirely  or  partially  opened,  and  many  are* 
lite  impassable.  Forming  the  most  direct  lines  of  communication, 
itween  difierent  and  distant  sections  of  the  city,  and  between  many  of 
e  public  buildings  and  grounds,  it  is  necessary  that  the  grades  should 
5  established  at  once,  and  that  the  roadways  be  placed  in  good  travel- 
g  condition.  This  should  be  done  in  justice  to  the  holders  of  property,, 
.  well  as  for  the  public  convenience.  Virginia  avenue  has  been  graded 
id  graveled  for  several  squares,  but  work  was  suspended  in  consc- 
ience of  no  money  haAing  been  appropriated  to  continue  it.    This  is  one 

the  finest  streets  in  the  city,  and  the  iMlv^antages  of  opening  it  to  travel 
ive  already  been  experienced.  The  large  amount  of  marketing  brought 
er  the  Navy  Yard  bridge  is  now  diveited  from  the  old  and  long-fre- 
leiited  thoroughfare  of  Pennsylvania  avenue,  east  of  the  Capitol^  and 
ids  more  direct  access  to  the  different  emporiums  of  trade.  In  the 
ent  of  the  building  of  a  more  ornamental  and  permanent  bridge  across 
e  Eastern  Branch,  the  terminus  of  this  avenue  may  be  probably  selected 
r  the  new  site ;  the  river  is  at  that  ])oint  of  less  breadth  than  at  the 
cality  of  the  present  pile  one,  and  the  avenue  will  make  a  grand 
)j>roach.  A  great  deal  of  the  traffic  will  be  directed  from  Benning's 
•idge,  and,  in  fact,  one  substantial  structure  will  answer  the  purposes 
'  the  two  existing  ones. 

Since  the  removal  of  the  workshops  used  in  the  extension  of  the 
ipitol.  New  Jersey  avenue,  to  the  south  of  the  building,  presents  au 
iproved  appearance. 
Maryland  avenue,  one  of  those  most  constantly  used,  leads  northerly 

the  direction  of  Benning's  bridge.  Immediately  in  tiiQ  vicinity  of  the 
apitol  it  has  been  graded  and  graveled,  but  still  a  large  amount  of  work 

required  to  place  it  in  good  repair  as  far  as  the  city  limits.    At  times 
is  almost  impassable.    In  that  portion  towards  tlie  Loti^  Xm^^^^NX* 
)nstantly  needs  repairs. 
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Tlie  impossibility  at  present  of  using  Delaware  avenue  lias  already 
been  noticed. 

Vermont  avenne  is  a  fine  broad  one  leading  direct  from  the  President's 
bouvse  to  the  environs  of  the  city,  and  should  be  opened  its  entii*e  length. 
;  Its  i>osition  makes  it  one  of  the  grandest  streets  of  the  city.     Connecti- 

cut avenue  starts  from  the  same  center,  and  is  in  a  din*ct  line  to  those 
beautiful  grounds  along  Kock  creek  which  have  been  selected  lor  a 
national  i)ark.  When  o])ened  and  repaired  throughout  it  will  W  one  of 
the  finest  drives  in  the  direction  of  that  proposed  public  imiux)vemeut. 
The  reservations  along  it  should  be  inclosed  luul  adorned.  An  act  to 
imtorporate  the  Connecticut  Avenue  and  Park  Railway  Company  has 
alreadv  become  a  law. 

New  York  avenue,  to  the^west  of  the  Xavy  Department,  has  been 
partially  opened,  and  the  corporation  are  now  engaged  in  grading  au<i 
paving  north  E  street,  leading  from  it  along  the  front  of  the  Observa 
vatory  grounds;  this  will  very  materially  improve  that  part  of  the  city. 

Massachusetts  avenue  should  be  made  one  of  the  most  magnificent  ones 
in  the  metropolis.  It  extends  from  Boundary  street,  near  the  Paper  Mill 
bridge  across  Kock  creek,  to  the  public  grounds  occuined  by  the  ^ov 
ernment  i)owder  magazines,  on  the  banks  of  the  Eastern  Branch,  and 
is  very  nearly  parallel  to  the  main  thoroughfare,  Pennsylvania  aveuut*. 
Some  very  little  work  was  executed  towards  o[)ening  it,  at  several  places 
to  the  traveling  public.  For  many  years  it  had  remained  closed,  houses, 
gardens,  brick-kilns,  and  other  ol)structions  preventing  it  from  l»eing 
used.  It  is  one  of  the  most  direct  lines  of  communication  between  a 
large  st*ction  of  the  city  of  Washington  and  a  great  portion  of  GtH)rp:e 
town.  To  make  it  uu)re  i)erfect,  some  one  of  the  streets,  Dunbarton,  Be;ile, 
or  West  street,  in  the  latter  city,  should  be  opened  to  the  banks  of  tbe 
ereek,  in  the  i>rolongation  of  either  N,  O,  or  P  streets  of  the  cajntal,  the 
connection  between  them  being  formed  by  a  substantial  aixdied  bridjre. 
As  the  creek  is  not  very  wide,  and  the  banks  high,  very  heavy  embank- 
ments would  not  be  recpiired  to  diminish  the  span  over  it.  This  wouW 
not  only  prove  a  great  benefit  to  those  residing  in  the  immediate  nei;:h- 
borhood,  but  would  be  an  immeasurable  advantage  to  all  the  citizens  of 
both  places.  A  considerable  i)ortion  of  the  travel  would  be  diverted 
from  the  Acpieduct  bridge,  uniting  Pennsylvania  avenue  with  Bridjr^ 
strec^t,  and  relieve  that  structure  from  being,  as  at  present,  the  gre:U 
highway  IVu*  the  heaviest  tratfic. 

There  are  many  other  avenues  that  require  attention  on  the  part  of  the 
government;  Boundary  street,  towjirds  whi(*h  many  of  them  lead,  forms 
a  connecting  link  between  them,  and  skirts  the  environs  of  the  city. 
It  is  capable  of  gieat  embellishment;    by  increasing  the  width  ami 
planting  along  it  rows  ot  shade  trees,  it  will  become  a  most  delightful 
and  nnudi-frequented  drive.    The  labor  for  a  great  amount  of  the  work 
accomi)lish<»d  was  paid  out  of  the  a])proi)riation  made  by  Congress  to  aid 
in  supi)orting  the  indigent  and  poor  of  the  city,  and  the  plan  succeeded 
most  a<lmirably ;  those  who  were  destitute  and  deserving  obtained  work, 
and  kept  them  from  distress  and  want.    Instead  of  appropriating  money 
for  their  inunediate  care,  save  in  extreme  cases,  it  would  innhaps  l>e 
better  policy  to  inaugurate  imi)rovements,  so  as  to  enable  them  to  obtain 
labor  and  gain  their  own  support.     In  my  last  annual  report,  to  which 
reference  is  again  made,  it  was  stated  that  the  oldest  and  greatest  thor- 
oughfare from  one  limit  of  the  cai)ital  to  the  o})posite  one,  connecting:  the 
nmst  important  buildings  and  grounds,  is  Pehnsylvania  avenue;  a  glance 
at  the  map  shows  that  it  is  the  most  central  <me.     In  eonsidei-ation  of 
the  great  im\>oYt^Viee  o^  \\\\^  wwiwvL^i.^  the  relative  position  it  bears  to  all 
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e  avenues  and  streets,  wliich  eitlier  diverge  from  it  in  eveiy  direction 
*  intersect  it  alon^  its  entire  length,  some  most  marked  imi)rovements 
loiild  be  inant;i^urated  to  render  it  as  great  and  beautiful  in  appearance 
\  it  has  proved  to  be  necessary  and  accessible.  The  very  limited 
)l>ropriations  of  the  last  fiscal  year  enabled  me  to  make  only  such 
pairs  as  were  most  needed;  some  sections  had  become  almost  impas- 
ble  fiom  the  effects  of  weather,  and  from  having  been  badly  cut  up  by 
e  immense  amount  of  travel  over  them.  It  is  now  only  in  tolerable 
aidition,  Congi^ess  failed  to  make  any  aijjiropriation  at  all  for  keeping 
is  avenue  in  order  during  the  present  fiscal  year ;  from  the  charity 
nd  previously  referred  to  a  force  Avas  employed  to  give  it  one  thorougli 
eaning,  and  since  then  the  services  of  one  man,  with  a  horse,  cart,  and 
•iver,  is  all  the  labor  employed  to  keep  it  in  a  somewhat  cleanly  state; 
5  not  only  has  to  sweep  the  roadway  and  repair  the  holes  along  it,  but 
so  to  clean  the  sewer  traps.  Is  it  to  be  marvele<l,  then,  that  its  condi- 
>n  is  no  better  f  The  seat  of  governnunit  of  a  nation  should  be  able  to 
»a8t  of  one  magnificent  avenue,  at  least ;  that  part  extending  from  Kock 
eek,  its  terminus  on  the  west,  to  that  si)lendid  i)ile  of  architecture, 
e  Capitol,  should  receive  the  advantages  of  the  most  improved  roadway, 
lere  is  scarcely  a  street  or  aveiuie  in  the  (^ity  over  which  one  can  drive 
ith  ease  and  comfort ;  it  is  only  lately  that  the  bluestone  pavement  has 
'en  laid  to  any  extent,  and  the  agreeable  ('ontrast  experienced  between 
and  that  of  the  old  fashioned  cobblestone  cannot  but  be  ap])reciated 
'  all.  The  streets  of  the  city  are  public  property,  in  which  all  citizens 
e  more  or'  less  interested,  and  in  point  of  necessity  no  other  public 
3rk  can  equal  them.  Why,  then,  is  not  more  attention  paid  to  paving 
id  ornamenting  them  !  In  view  of  the  imi)ortance  of  having  at  least 
le  good  i)avement  traversing  the  city,  the  recomnunulation  is  made 
at  the  i)resent  one  be  removed,  and  that  the  avenue  be  laid  with  either 
le  or  the  other  improved  ones  now  coming  into  general  use.  If  stone 
to  be  used,  the  Belgian  pavement  possesses  the  greatest  advantage ; 
it  should  one  of  wood  be  prefenxnl,  which  is  deliglitful,  easy,  and  not 
>isy,  either  the  Xicolson,  Ream,  Fajette,  Staft'ord,  or  8towe  will  prove 
be  as  near  perfection  as  it  is  possible  to  construct  them.  Then,  again, 
e  asphaltum,  the  concrete,  and  other  similar  ones  have  their  advantages, 
lese  should  all  be'subjected  to  the  severest  competitive  examinations, 
ie  length  of  that  part  of  the  avenue  which  it  is  proposed  to  improve 
over  two  and  a  half  miles,  and  averaging  in  superficial  measurement 
K)ut  150,000  scpiare  yards.  Although  the  nation  at  large  is  deei)ly 
terested  in  the  general  improvement  of  the  metro[)olis  of  the  republic, 
d  especially  in  the  accomplishment  of  such  a  great  and  much-needed 
>rk,  still  the  pro] )erty- holders  along  the  avenue,  as  well  as  the  citizens 
nerally,  are  mostly  benefited  by  it ;  the  expense  might,  therefore,  be 
uitably  proportioned  between  the  municipal  and  general  governments, 
any  citizens  have  petitioned  Congress  to  pave  Louisiana  and  Indiana 
enues,  leading  to  the  railroad  depot  from  Pennsylvania  avenue.  In 
dition  to  laying  a  good  carriage-way,  other  advantageous  changes 
ight  be  introduced  for  the  beautifying  of  the  broad  avenues  and 
L*eets.  Some  sketclu's  exhibiting  different  plans  of  imi)rovement  and 
ornment,  one  or  two  of  them  taken  from  those  employed  in  several  of 
e  large  cities  of  Europe,  will  accompany  this  report,  and  give  an  idea 
wiiat  can  be  done  in  the  way  of  ornanumtation.  By  an  act  making 
iproi)riations  and  to  supply  deticiencies  in  the  ap[U'opriations,  ajiproved 
ily  25,  1808,  it  was  i)rovided  *'that  section  15  of  an  act  entitled  'An 
t  to  incorporate  the  city  of  Washington,'  i)asse<l  May  15,  1820,  and 
ction  three  of  an  act  approved  May  5, 1801,  entitled  '  A\\  ^vlV  \.vi  ^^^wvviwQic 
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tioii  is  respecttully  called  to  the  improvements  sugja^ested  by  the 
pletion  of  the  north  wins:  of  the  Treasury  Department.  It  is 
rej^retted  that  the  site  of  that  building  is  so  low,  and  that  in  conseq 
the  line  efteet  of  the  elegant  front  on  the  north  is  considerably  ini]) 
It  has  been  recommended  by  the  supervising  architect,  in  order  to 
come  the  difticulty  of  situation,  that  either  a  stri])  of  land  of  (U  f 
width  on  the  east  side  of  Fifteenth  street,  between  New  York  and  Pei 
Tania  avenues,  be  condemned,  and  the  street  removed  a  cori*espo 
distance  from  the  building,  or  that  the  grades  of  Fifteenth  street  an* 
portion  of  the  avenue  on  tlie  north,  between  Fifteenth  street  and  the^ 
of  the  President's  house,  be  reduced.  The  surroundings  of  this 
nilicent  building  should  be  as  extensive  and  beautiful  as  i>QSsibl< 
the  expense  of  rendering  them  so  will  be  small  in  comparison  wii 
cost  of  its  construction.  Similar  remarks  are  applicable  to  the  s 
encompassing  the  Patent  Office  building  and  the  Post  Office  D 
ment.  Seventh  street  should  receive  a  gi*adual  and  easy  grade  be 
the  northeast  angle  of  the  tirst  named  building  and  Pennsyl 
avenue,  and  the  grade  of  F  street,  lying  between  the  two,  be  uu 
ccrrespond  between  Ninth  and  Sixth  streets,  and  also  that  of  h 
between  F  and  the  avenue.  At  present  the  buildings  are  scarcel; 
ble  from  this  main  thoroughfare.  Other  improvements  are  neede^ 
a  description  of  the  details  would  require  too  much  space. 


WASHINGTON  CANAL. 


Since  the  date  of  my  last  report  this  canal  has  remained  in  the 
if  not  reduced  to  a  still  more  hlthy,  pestilent  condition  ;  no  etiort.* 
been  made  by  either  the  government  or  the  cori)oration  to  lx*t 
What  was  then  written  is  still  ap])licable ;  it  is  a  great  nuisiince 
X^resent  state,  and  extremely  disgusting  to  both  sight  and  smell, 
nothing  more  than  an  oi)en  sewer,  constantly  generating  noxious 
which  are  most  deleterious  to  those  not  only  residing  immediately 
its  banks,  but  to  the  iidiabitants  of  the  entire  citv.      liCt  it  be 
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TIBER  CREEK. 

This  creek,  with  its  branches,  drains  a  very  considerable  extent  of 
land  withont  tlie  city  limits  as  well  as  a  lar^e  j^art  of  the  city  itself.  A 
great  accnninlation  of  sand,  fifiavel,  and  many  very  deleterious  snb- 
stances  are  washed  down  and  (ley)osited  in  the  bed  of  the  stream.  Some 
action  shonld  be  taken  to  arch  it  over  from  where  it  crosses  Pennsvlvania 
avenue  to  the  extreme  northern  limits  of  the  corporation.  In  addi- 
tion, some  system  of  gravel  pits  Jind  drains,  for  collecting  the  w  ashings 
of  the  soil,  shonld  be  arranged  at  different  points;  if  not  arched  over 
the  banks  shonld  be  protected  by  sodding  or  nmsonry.  Tlie  manage- 
ment of  the  Tiber  mnst  be  treated  in  the  light  of  a  nmin  sewer  for  a 
larg:e  and  growing  section  of  tl)e  city,  and  all  improvements  projected 
with  that  object  in  view.  A  bill  has  been  introdnced  into  Congress  to 
aich  over  tlie  creek.  Dnring  the  last  session  a  small  appro])riation  was 
made  for  an  arclied  roadway  to  cross  it  on  North  Capitol  street,  proyided 
the  corporation  will  fnrnish  the  balance  of  the  amonnt  necessary  to 
build  it. 

MARKETS. 

Attention  is  again  called  to  the  condition  of  the  Center  market,  on  Penn- 
sylvania avenue;  the  dilapidated  and  unsightly  buildings  not  only  still 
exist,  but  additions  are  being  made  to  them  ;  new  stalls  are  being  con-, 
stnicted  across  Eighth  street,  entirely  obstructing  it,  and  altogether 
shutting  out  the  view  of  the  Smithsonian  groimds.  A  joint  resohition 
of  Congress,  approved  January  30,  18G4,  prevents  the  erection  of  any 
permanent  building  upon  any  property  reserved  to,  or  for  the  use  of, 
the  United  States,  and  an  injunction  was  issued  to  stop  w  ork  upon  a 
stnicture  then  going  up  for  market  purposes.  A  bill  was  introduced 
into  the  Senate,  and  passed  by  that  bodj'  at  its  last  session,  providing 
for  the  removal  of  the  Center  market,  and  tor  the  erection  of  a  market 
building  in  a  more  suitable  locality.  Strong  opposition  was  made  to  the 
passage  of  the  bill  in  the  House  by  those  interested  in  retaining  it  on  its 
present  site.  It  is  not  only  a  reflection  upon  the  good  taste  of  the  com- 
munity that  such  an  old  aiul  objectionable  structure  should  be  allowed 
to  stand  ui)on  the  principal  avenue  of  the  capital,  but  it  is  a  disgi'ace 
to  see  this  main  artery,  connecting  the  Capitol  with  most  of  the  pnblic 
buildings,  obstructed  by  such  a  diversified  and  by  no  means  pleasing 
collection  of  commodities  as  are  usually  oftered  for  sale  on  every  market 
day.  Cannot  a  more  suitable  locality  be  found,  and  one  equally  conve- 
nient of  ac(;ess !  And  cannot  an  omament.al  as  well  as  a  commodious 
market  be  erected,  which  will  be  a  credit  to  the  city?  If  llie  corpora- 
tion does  not  take  the  necessary  stei>s  to  remove  the  cause  of  this  great 
miisance  by  erecting  a  suitable  and  imposing  structure,  the  government 
shoidd  resume  control  of  the  reservation  for  the  purpose  of  improvement. 

POTOMAC  RIVER  FRONT. 

Several  applications  have  been  made  for  permits  to  construct  wharves 
along  the  river  front.  It  seems  a  disputed  point  whether  the  govern- 
ment, the  corporation,  or  the  heirs  and  assignees  of  the  original  propri- 
etors of  the  land  upon  which  the  city  stands,  have  the  right  to  grant  or 
sell  the  privilege.  A  legal  decision  should  be  had  in  tlie  case,  as  it  is  a 
most  important  question,  and,  in  the  event  of  any  i)ermanent  imi)rove- 
ments  being  made  to  the  city  channel,  will  become  more  so.  A  bfll  has 
been  introduced  in  the  Senate  to  incorporate  tlie  1?oU^v\avxv!,  ^wnV^^vWv^w^ 
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and  Transportation  Company  of  tlie  District  of  Columbia,  in  wiiicli  it  is 
to  be  enact <nl  that  the  corpm-ation  is  authorized  to  pun-ha.se  and  hold 
hinds,  and  nmy  h)cate  and  construct  wliarves,  docks,  and  niilways  into 
the  Potonuic  riv(»r  and  in  front  of  ^lasou's  ishmd,  so  as  not  to  inteilerc 
TN'itli  the  navigation  of  the  river.  As  such  impiu'tant  operations  arecoii- 
temphited,  it  is  necessary  that  all  questions  of  law  be  settled. 

PUBLIC  BUILDINGS. 

The  extension  of  the  Capitol  and  the  repairs  of  the  center  buihhii;?. 
and  also  the  <'ompletion  of  the  Patent  Ohice  building:,  are  under  the 
charj;e  of  the  architect,  Mr.  Edward  Clark  ;  the  General  Post  Office 
buildinjx  is  under  the  control  of  the  disbursing  clerk  of  the  department, 
Mr.  E.  B.  Olmstead ;  the  Treasury  extension  is  bein^  built  under  rlie 
superintendence  of  the  supervising  architect  of  the  Treasury  I)ci)ari- 
ment,  Mr.  A.  B.  Mullett ;  the  War  and  Kavy  buildings,  and  the  building 
at  the  corner  of  F  and  Seventeenth  streets,  are  in  the  care  of  some  one  of 
the  ofticials  attached  to  one  or  the  other  of  the  departments  or  bureans. 
There  is  a  very  great  number  of  inivate  buildings  rented  for  govern uieut 
purposes. 

president's  house. 

Several  very  important  renovationsand  rei)airs  were attendeil  to  dming 
the  last  fiscal  year,  and  the  main  building  and  stables  are  now  in  very 
good  order.  A  few  rooms  still  require  to  be  painted  and  i)apered,  ami 
some  of  the  furniture  and  carpeting  to  be  renewed.  The  exterior  walls 
and  colonnades  require  to  be  repainted.  The  conservatory  attached  to  it 
has  been  almost  entirely  rebuilt,  and  plants  are  being  purchasetl  to 
replace  those  destroyed  by  tire.  The  small  appropriation  for  this  build- 
ing is  entirely  inadetpiate  to  keep  it  in  as  complete  order  as  it  should  l)e, 
and  to  preserve  jind  supply  all  the  needful  appeiulages  to  a  mansion 
intended  for  the  residence  of  the  Chief  Magistrate  of  tlie  nation.  A 
larger  appropriation  is  asked  for  annual  rei)airs  for  the  next  fiscal  year, 
and  also  one  for  refurnishing  the  establishment  at  the  commencement  of 
the  next  pi-esidential  term.  As  this  cit^'  has  become  the  permanent  seat 
of  the  government,  where  millions  have  been  expended  upon  the  public 
buihlings  and  the  imi)rovement  and  ormimentation  of  the  grounds,  it 
would  seem  i)roper  that  each  State  should  build  and  fiu'uish  suitable 
houses  for  its  senators  and  rei>resentatives.  The  necessary  ai)pi'opria- 
tions  coidd  easily  be  made,  and  would  prove  not  to  be  bad  investments. 
Those  benefited  would  be  made  more  comfortable,  and  be  able  to  receive 
and  entertain  their  constituents  and  friends ;  the  city  would  be  impn)ved 
by  the  addition  of  highly  embellished  houses,  and  more  apparent  stabil- 
ity would  be  given  to  the  capital.  Foreign  nations  would  be  induced  to 
emulate  the  exanii)le,  as  it  would  then  ai)pear  that  each  State  individually 
had  some  i)ernniiient  and  active  interest  and  influence  over  the  muniei- 
l)al  atfairs  of  the  city.  Attention  is  again  called  to  my  last  annual  reixut 
in  reference  to  the  selection  of  a  site  lor  a  new  Presidential  Mansion. 

WASHINGTON   AQUEDUCT. 

The  annual  rei)ort,  which  is  herewith  appended,  of  the  superintending 
engineer  of  the  Washington  aqueduct,  furnishes  in  detail  a  statement  of 
the  operations  on  that  work  during  the  last  tiscal  year.  The  foundation 
and  superstructure  nmsonry  of  the  dam  at  the  Great  Palls  of  tin?  Potomac 
were  completed,  vvnvV  W\e  \^AX^-\\v>\\^vi  wWVv^  ^^wve  place  is  nearly  fiuisbed. 
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The  stone  bridp:es  are  still  left  in  the  same  incomplete  condition  ;  there 
being  no  i)ara])ets  or  railings  to  them,  it  is  considered  very  dangerous  to 
cross  them.  The  conduit  extending  from  the  gate-house  at  the  Great 
Falls  to  the  distributing  reservoir  has  been  in  very  good  order,  ('onsider- 
iiig  that  the  road  over  it  has  become  a  great  highway  for  the  I'armers 
living  along  the  line  of  it;  many  country  roads  also  lead  into  it.  As  it 
has  become  in  such  general  use  it  should  be  macadamized;  the  soil,  being 
of  clay,  is  easily  cut  through  in  wet  weather  to  the  crown  of  the  arch. 
Since  the  completion  of  the  connecting  conduit  around  the  receiving 
reservoir  the  supply  of  water  comes  direct  from  the  Potomac  without 
mingling  with  that  of  any  other  stream  ;  the  reservoir  is  now  used  only 
for  the  storage  of  water  to  meet  any  emergency  that  may  arise. 

The  distributing  reservoir  should  be  deepened  as  soon  as  possible  to 
enable  the  water  to  settle  before  reaching  the  city,  and  to  enable  it  to 
liohi  a  larger  cpiantity  in  store  in  the  event  of  accidents.  The  embank- 
ments have  been  greatly  damaged  by  the  Avashing  of  the  waves  caused 
by  high  winds,  and  should  be  repaired  without  delay,  and  lined  with  stone 
laid  in  cement.  The  high  service  reservoir  is  still  left  in  an  incomj)lete 
state.  It  would  be  a  gieat  improvement  to  remove  the  untinished  dome 
intended  to  cover  it,  and  inclose  it  by  a  neat  iron  railing.  It  was  built 
in  order  to  furnish  a  supi)ly  of  water  to  Georgetown  heights,  a  i)art  of 
the  city  too  high  to  be  served  direct  fi^om  the  main  pipes ;  the  water  is 
forced  into  it  by  a  Worthington  water-pressure  engine,  located  in  the 
west  abutment  of  the  aqueduct  bridge  across  Rock  creek.  There  has 
been  constant  complaint  that  the  residents  on  the  heights  are  not  sufli- 
ciently  supplied  with  water,  but  from  a  thorough  examination  and  trial 
it  is  evident  that  there  is  uiore  than  enough  for  all  piactical  purposes, 
and  that  the  consumption,  nearly  200,000  gallons,  being  forced  up  daily, 
must  be  attributed  to  wastefulness.  The  adoption  of  meters  in  all  dwell- 
ings and  mills  is  recommended  by  the  engineer.  The  iron  bridges  have 
recently  been  i)ainted  and  rei>aired  in  every  i)articular,  and  are  in  excel- 
lent order. '  Tlie  pipe  line,  which  is  a  continuation  of  the  conduit,  extends 
from  the  distributing  reservoir  to  the  navy  yard ;  it  has  required  very 
little  repair.  It  is  again  earnestly  recommended  that  new  tire-plugs 
should  replace  the  old  ones  on  Pennsylvania  avenue,  and  that  they  be 
connetfted  directly  with  the  12-in(;h  main  along  it.  At  present  the  steam- 
engines  have  to  obtain  their  supply  from  other  streets.  The  cost  of 
erecting  new  ones  will  be  very  small.  Considering  that  there  are  but 
few  thoroughly  tire  i)roof  buildings  belonging  to  the  government,  that 
millions  of  dollars  of  public  pioperty  are  distributed  throughout  the  city, 
and  that  immensely  valuable  papers  are  stowed  away  in  most  unsafe 
offices,  every  precaution  should  be  taken  to  ineAcnt  their  destruction. 
My  attention  has  been  frequently  called  to  this  matter.  The  archives 
belonging  to  the  War  Department,  especially  to  the  Adjutant  GeneraFs 
and  Paymaster  General's  offices,  are  particularly  valuable,  and  in  their 
safety  and  preservation  almost  every  family  in  the  land  is  interested. 
Tlie  pipes  for  increasing  the  supply  of  Avaterin  the  Capitol  building  Avere 
laid  last  year^  and  work  has  been  commenced  in  placing  others  along 
north  B  street  and  First  street  east,  which  will  make  complete  the  con- 
nection between  the  terminus  of  the  oO-inchmainon  ^ew  Jersey  avenue 
with  the  12-inch  main  on  Capitol  hill.  This  will  partly  remedy  the  defi- 
ciency of  water  in  the  eastern  portion  of  the  city.  To  meet  the  demands 
of  the  constantly  increasing  growth  of  tlie  northern  part  of  the  city  another 
large  main  will  have  to  be  introduced  into  that  section  fnmi  the  distrib- 
uting reservoir.  The  engineer  reimrts  that  the  supply  of  water  has  been 
uninterrupted,  and  the  consumption  has  exceeded  12,0W^<iViVi  q>1  ^^vi\\% 
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per  (lay,  a  large  amount  of  which  has  been  expended  by  the  j^ovemment 
biiildiiif^s,  workshops,  and  fountains.  As  stated  in  my  la,st  i-eport,  certain 
tracts  of  land  are  occupied  by  the  government  for  aqueduct  punnxses, 
for  wliich,  in  some  cases,  only  nominal  rents  are  i>aid  ;  in  others  no  rents 
have  been  paid  at  all,  and  claims  are  now  being  made  by  the  owners  to 
become  either  repossessed  of  their  property  or  to  be  i)aid  for  its  use.  As 
the  United  States  must  retain  the  few  acres  for  the  benefit  of  this  national 
work,  it  is  earnestly  urged  that  the  necessary  appropriations  l>e  made  to 
purchase  them.  But  a  few  thousand  dollars  is  needed  to  meet  all  tbe 
claims  and  to  buy  the  land.  The  great  importance  of  intix)duciug  into 
the  capital  an  unlimited  supply  of  pure  and  wholesome  water  cannot  l)e 
overestimated.  The  water  thus  furnished  has  become  a  great  motive 
l>ower  at  the  different  government  workshops  and  buildings  thnmgbont 
the  city,  and  when  the  capital  of  the  nation  becomes  what  eveiy  enlight- 
ened citizen  desires  to  see  it,  a  still  larger  demand  will  be  mmle  for  both 
usefiU  and  ornamental  purposes.  Including  the  estimates  submitted  tor 
completing  the  Washington  aqueduct,  the  total  cost  of  the  work  will  not 
exceed  $4,000,000.  The  following  tables  show  some  very  interesting 
data  in  regard  to  what  should  be  considered  the  greatest  improvement 
for  the  benefit  of  the  city  of  Washington. 

Table  of  distances  by  the  aqunduct  from  gate-house  at  Great  Falls  to  navy  yard  and  inttrmt' 

diate  points. 


Great  PallM  gntp-house 
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Over-fall  No.  1 

Bridj^e  No.  1 

Bridge  No.  2 

Junction  road 

Road  at  Radcliffe'K 
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Brook'H  road 
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16.6.5 
15.37 
14.  27 
13.59 
12,  3.3 
9.74 


c 
'1. 

9 

if 
B 

u 
V 

a 


MUes. 


0.36 
0.23 
0.68 

0.  19 
0.48 
1.28 

1.  10 
0.68 
1.26 

2.  59 


Wooden  bridge  rec'g  resV 
Oate-house  rec'g  reHervoir. 

WuHte  weir  No.  3 

Influent  gate-honae 

Pipe-vault      diHtribnting 
reservoir. 

Foundery  branch 

College  Pond  bridge 

Rock  Creek  bridge 

Ejwt  fn»ut  of  Capitol 

Navy  yard 


X 

5 

5 


Miles. 

9.  40 

9-79 

11.  11 

11.56 


> 


i:,:.  \n  \ 

12.6.-. 

12.91 

13.94 

ia8i 

18,  59 

Mile* 
9.  i? 
8!  89 
7.44 

7.C« 
6.57 

5  94 
5.«*< 
4.65 
1.78 


a3» 

l.tfi 

an 

a* 


a.: 

U 


Number  and  length  of  tunnels. 


Feet. 

Tunnel  No.  1 1.4:18 

Tuunel  No.  2 3,  865 

Tunnel  No.  3 86 

Tunnel  No  4 766 

Tunnel  No.  5 90 

Tunnel  No  6 ii8 

Tunnel  No.  7 679.  5 

Tunnel  No.  8 421.9 

Tunnel  No.  9 725 

Tunnel  No.  10 86 

Tunnel  No.  II 626 

Tuunel  No.  12,  Dalecarlla 8J0 


Grades. 


Feeder  entrance l^i 

Manhole  11,  near  junction Hi^ 

Bridge  No.  3 Uti 

Bridge  No.  4  ULj 

Guard-gate 138.| 

Invert 131' 

Crown  intrados IA| 

Kttiuent  receiving  reservoir l-^-' 

Influent  distributing  reservoir ^^*'^ 

Descent,  9i  inche«  per  mile. 
Diameter  of  conduit.  9  feet. 
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Number  and  iipan  of  bridges. 


Bridge  No.  1 14  foet  cut  Htone. 

B» idgf  No.  2: JO  feet  cut  Htone. 

Bridge  No.  3 * 75  leet  cut  stone. 

Bridge  No.  4 2tK)  feet  cut  stone. 

Bridge  No.  5 120  feet  iron  pipen. 

Bridge  No.  6 200  feet  iron  pipea. 


Cost  of  8tone  bridgcH. 


Bridge  No.  1 H  006 

Bridge  No.  2 7.779 

Bridge  No.  3 7fi.  068 

Bridge  No.  4 237,000 


Area  Of  reaervo'rK 


Becvivlng  rcHervoir 53  acres. 

Distributing  reKervoir 44  ncnjn. 

High-ijorvlce  reservoir 120  fo«^t  diameter. 


Pipe  and  culverts. 


Length  of  pipe-line 18  miles. 

Number  of  culvert* 26 


As  an  inducement  to  obtain  experienced  and  reliable  persons,  compen- 
sation commensurate  with  their  services  should  be  aitbrdedthem.  The 
pay  of  the  clerk,  whose  duties  are  very  arduous,  should  be  certainly 
increased.  The  assistants  on  the  different  works  connected  with  the  Office 
of  Public  Buildings,  Grounds,  and  Works,  all  deserve  great  crtnlit  for 
the  manner  in  which  they  have  severally  performed  their  duties  and 
carried  out  my  instructions. 

I  am,  general,  very  respectfully,  your  obedient  servant, 

K.  MICIILER, 
Major  of  Engineers,  Bvt.  Brig,  Qen,  U,  S.  A. 

Brevet  Major  General  A.  A.  Humphreys, 

Chief  of  Engineers  United  States  Army, 

Headquarters  Corps  of  Engineers,  Washington,  B,  G. 


VI. 

Office  of  the  Washington  Aqi^educt, 

Washington,  I).  C\,  October  1,  1SG8. 

General  :  I  )iave  the  honor  to  submit  the  annual  report  of  the  opera- 
tions of  this  office  for  the  year  ending  September  30,  1808,  arranged 
under  the  different  heads  that  were  adopted  in  the  last  annual  report, 
as  follows : 

POTOMAC  DAM. 

The  foundation  and  superstructure  masonry  and  the  back  filling  of  this 
structure  from  the  Maryland  shore  to  Conn's  island  were  fully  finished 
by  the  beginning  of  last  December,  to  a  height  of  147  feet  above  the 
datum  line  of  the  Washington  aqueduct,  affording  during  the  lowest 
stages  of  water  in  the  river  a  depth  of  five  feet  at  the  head  of  the  conduit. 
A  thorough  examination  recently  nmde  of  the  masonry  shows  that  it  has 
not  sustained  any  damage  by  the  freshets  of  the  Potomac,  which  last 
spring  were  unusually  heavy.  The  large  dead  tree  left  by  the  flood  on 
the  bulk-head  on  Conn's  island  shows  that  the  water  was  over  10  feet 
deep  on  the  crown  of  the  dam. 

The  pond  above  the  dam  extends  to  the  upper  end  of  Conn's  island ; 
it  contains  a  great  nmny  rocks,  trees  and  bushes  which  should  be  removed, 
as  tlie  roots,  branches,  and  leaves  decay  and  affect  the  purity  of  the  water. 

The  temporary  dam  was  nearly  all  washed  away ;  it  had  been  kept  in 
repair  since  1803,  and  was  a  constant  source  of  trouble  and  expense.  Lt 
is  gratifying  to  be  able  to  re])ort  that  it  can  now  \)e  dUx^viw-ei^vi W<>\* 
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GATE-HOUSE  AT  GREAT  FALLS. 

This  building  is  nearly  completed ;  the  roof  is  ready  for  the  slates,  and 
arraiijienieiits  are  being  made  for  removin*^  the  deeayed  woo<leii  fi^M^T 
and  the  timbers  that  snpi)ort  the  gates,  and  replacing  the  same  with 
flooring  and  girders  of  cast  iron. 

BRIDGES. 

The  stone  bridges  are  all  in  an  nnfinished  condition ;  the  importance 
of  completing  tliem  has  been  fully  re})resented  in  preceding  reports,  but, 
owing  to  the  faihire  of  Congress  to  make  an  appropriation  for  that  pur- 
pose, no  work  has  been  done  upon  either  of  them  since  1803. 

THE   CONDUIT. 


The  c(mdnit,  extending  fnmi  the  gate-house  at  Great  Falls  to  the  dis- 
tributing reservoir,  is  generally  in  good  condition.  An  unusually  lar^^e 
amount  of  work  has  been  done  on  the  embankments,  ditches,  culverts, 
&c.,  whicli  has  been  made  necessary  by  the  heavy  rains  that  have  fallen 
during  the  year;  to  a  certain  extent  similar  work  will  have  to  be  done 
every  year.  The  road  over  the  con<hiit  has  become  one  of  the  principal 
highways  of  Montgomery  county,  and  is  extensively  used  l)y  the  fanners 
for  bringing  their  juoduce. to  market;  it  should  be  all  macadamized,  for 
during  wet  weather,  owing  to  the  large  amount  of  travel  over  it,  it  is 
ditlicult  to  k(H^p  it  in  good  order. 

The  connecting  conduit  has  been  in  constant  use  since  August,  Wu\ 
the  heavy  rains  which  have  fallen  during  the  year,  together  with  the 
freshets  in  Powder  Mill  Branch,  damaged  the  slopes  of  the  enibankiaeuts; 
it  is  now  in  good  condition ;  the  slopes  facing  the  reservoir  should  be  pro- 
tected with  ripraps.  Since  August,  18G7,  the  receiving  veservoij-  has  been 
used  only  for  the  storage  of  water,  the  water  from  the  Potomac  i)asiiing 
by  it  through  the  connecting  conduit  to  the  distributing  reservoir. 

DISTRIBUTING  RESERVOIR. 

The  condition  of  this  reservoir  is  similar  to  what  it  was  at  the  date  of 
the  last  annual  report;  only  the  embankments  have  been  further  dam- 
aged by  the  waves.  The  slope  of  the  southeast  embankment,  originally 
built  with  two  feet  of  base  to  each  foot  in  height,  is  now  peri)eudicular. 
In  my  ofMuion  the  water  should  be  drawn  oti*,and  the  reservoir  not  used 
again  uniil  it  is  completed.  The  necessity  of  deepening  and  finishing 
the  distributing  reservoir  ha.s  been  fully  shown  in  preceding  reports; 
especially  in  the  supplemental  report  dated  February  22,  1804,  to  which 
1  resi)ectfully  refer. 

HIGH- SERVICE  RESERVOIR. 

No  appropriation  was  made  for  finishing  this  reservoir;  consequently 
it  is  in  the  same  condition  that  it  was  at  the  date  of  the  last  annual  reiwrt. 
It  has  been  in  constant  use  for  supi)lying  that  part  of  Georgetown  hei.irhts 
whicli  is  too  high  to  be  supplied  by  tiie  distributing  reservoir.  The  water 
is  forced  into  it  by  the  Worth  in gton  water-pressure  engine  located  in  the 
west  abutnuMit  of  bridge  No.  (>.  This  engine  has  been  in  almost  jKniH^ual 
motion  during  tlie  year ;  it  has  b(»en  sto])ped  but  a  few  tinu\s  for  rejiairs, 
and  has  forced  to  the  heights  over  11H),(MH)  gallons  of  water  daily.  This 
amount  has  not  been  sulticient  for  the  inhabitants  of  the  heights,  and 
the  supply  stovedmUvviUi^^lv-ser  vice  reservoir  has  been  materially  induced. 
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On  the  first  of  May  the  siirfiice  of  the  water  was  218  feet  above  datiiui ; 
to-day  it  is  only  208  feet. 

I  am  convinced  that  much  of  the  consumption  is  to  be  attributed  to 
wastefulness,  wliich  mi^ht  be  prevented  by  attaching  a  meter  to  the 
[>ipes  in  each  house  where  the  water  is  taken,  at  the  expense  of  theoccu- 
[>auts,  and  a  water  rate  establislied  by  the  Georgetown  water  board, 
the  consumption  would  then  be  reduced,  and  tlie  supply  would  be 
ibundant  for  all. 

IRON   BRIDGES. 

The  iron  bridges  are  in  good  condition.  !N'ew  sidewalks  have  been 
built  on  Kock  Creek  bridge,  and  the  masonry  of  the  abutments  has  been 
repointed  with  cement.    The  tloor  will  probably'  last  for  another  year. 

PIPE   LINE. 

The  pipe  line  extending  from  the  distributing  reservoir  to  the  navy 
irard  is  in  good  condition.  During  the  year  very  few  leaks  have  occurred; 
the  water  has  been  shut  olf  only  to  make  additional  connections.  Last 
year  a  20-inch  main  was  laid  in  North  B  street  from  t\iQ  termiiuis  of  the 
3()-inch  main  to  Delaware  avenue,  and  a  12-inch  main  from  this  point  to 
the  eastern  front  of  the  Capitol.  The  20-inch  main  is  being  continued  in 
North  B  street  to  First  street  east,  where  it  will  be  connected  by  a  12-inch 
main  with  the  12-inch  main  in  A  street  north.  The  pipes  are  all  deliv- 
ered, and  the  work  will  be  finished  in  a  few  weeks. 

« 

CONSUMPTION   OF   WATER. 

Tlie  supply  of  water  has  been  uninterrupted,  and  the  consumption  has 
exceeded  twelve  millions  of  gallons  per  day,  a  large  amount  of  which  has 
been  conslimed  by  the  government  buildings,  fountains,  and  na\'y  yard. 

LANDS.  « 

The  following  described  parcels  of  land,  to  which  the  United  States 
liave  no  title,  are  occupied  for  the  use  of  the  Washington  aciueduct: 

At  Great  Falls,  r}j\^^^  acres  of  land  belonging  to  the  estate  of  the  late 
Hall  Neilson.  In  Montgomery  county,  the  road  across  the  farms  of  Jack- 
!^on,  Collins,  and  Anderson,  and  the  road  a<,'ross  the  farm  of  William 
Brooke.  In  Georgeto\^^l,  at  the  high-service  reservoir,  a  lot  of  land 
fronting  on  High  street  and  partly  covered  by  the  reservoir  embankment, 
the  property  of  Mrs.  E.  M.  Mosher.  In  Georgetown,  at  bridge  No.  0,  a 
lot  of  land  fronting  on  Montgomery  street ;  on  it  are  located  the  office, 
pipe  yard,  and  worksliops  of  the  Washington  acpieduct.  This  lot  is  the 
|)roperty  of  Mrs.  Maria  C.  French,  and  has  been  occupied  by  the  United 
States  over  eight  ycfirs ;  no  rent  has  becMi  paid  for  the  use  of  it;  the 
taxes  have  been  paid  by  Mrs.  French,  and  this  year  they  amount  to  §150. 
An  appropriation  should  be  made  for  the  rent  and  purchase  ot*  each  of 
the  above-described  parcels  of  hind,  as  they  will  always  be  re(iuired  for 
the  use  of  the  aqueduct. 

FINANCIAL  STATEMENT. 

At  the  date  of  the  last  aunnal  report  the  balance  in  the  treasury  applicable  to 
this  work  was $23, 544  56 

Appropriated  by  CoDgr*»ss,  July,  Jt^i"',  for  deticij-ney  in  cunstiuction  ot  the 
connecting  conduit,  Potomac  daui,  gatehouse  at  Great  Falls,  and  tem- 
porary dam *n,^^^^^ 
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Appropriated  by  Congress,  July,  1868,  for  salary  of  assistant  engineer,  super- 
intendence and  repairs  for  the  year  ending  June  30,  l8t)'J $2?, 000  00 

Received  from  corporation  of  Georg^etown  for  expenses  incurred  in  supplying 

high-service  reservoir  with  water  during  repairs  to  engine  at  bridge  No.  6. ..  V.T!  03 

76,  m  :^ 

The  expenditures  to  date  are  as  follows  : 

For  construction  of  connecting  conduit $23,  rv»8  38 

For  construction  of  Potomac  dam 2, 9«K?  fil 

For  construction  of  gate-house  at  Great  Falls I,6i7  2ii 

For  engineering,  superintendence,  and  repairs   Jo,  6«.(?  31 

For  office  expenses,  internal  revenue,  gas,  fuel,  and  stationery 316  l?5 

Balance :»,0:7  ?!' 

Total TH.  IpI  .S6 

*\  Summary  of  appropriations  made  by  Congress  for  the  tfashington  aqueduct. 

I                          April  30,  1852. $o,OCiOOO 

March  3,  1853 lOO/HiO  (lO 

March  3,  1855 250,IKX»  lt» 

August  18,  1856 V:5(»,tKM)  uO 

March  3,  1857 l,(»0(),t^W  W) 

June  12.  1858 8fK>,OOOtiO 

June  25,  i860 5l>0,(«:0  i»0 

July  4,  1864 J5ti,OOO0O 

July  28,  1866 142,5"?4  W) 

December  20,  186b i2,l'Ol»00 

March  2,  1867 20,000  00 

July,  1868 52,500  00 

Total 3,281,584  uO 

Estimate  of  the  cost  of  completing  the  Washington  cujueduct. 

For  rent  and  purchase  of  5  ,Vo  acres  of  land  at  Great  Falls $1, 320  00 

For  purchase  of  roadway  from  Great  Falls  to  conc^uit  road,  2,^q  miles — Id/o 

acres J,012W 

f                          Tor  purchase  of  roadway  across  land  owned  by  William  Brooke 550  00 

«                         tor  rent  and  purchase  of  laud  at  hiph-ser  vice  reservoir 3, 300(W 

■                          For  rent  and  purchase  of  land  at  bridge  No.  6  2, 64U  W 

For  excavating  rocks  and  removing  trees  and  bushes  above  dam  at  Great  Falls  5,500  00 

For  lining  and  repairing  tunnel  No.  1 1, 650  00 

For  completing  stone  bridges 27,500  00 

For  increasing  embankment  over  conduit  and  macadamizing  roads 1 1,000  0<) 

For  lining  '.ioO  feet  of  connecting  conduit  tunnel 15, 400  UO 

For  excavating  the  bottom  of  the  distributing  reservoir  to  an  additional  depth 

of  13  feet,  and  lining  the  interior  slopes  with  rubble  masonary  laid  in  c«meut  41 1, 115  00 

For  completing  gate-houses  at  distributing  reservoir 44, 538  00 

For  30-inch  pipe  from  distributing  reservoir  pipe  vault  to  Foundery  Branch 

pipe  vault 78,6:»  Oi) 

For  completing  high-service  reservoir 8, 800  00 

For  riprapping  water  face  of  connecting  conduit 11,000  00 

For  ventilators  over  conduit 3,080 'W 

For  fencing  conduit  and  reservoirs 21,000  00 

For  building  office  at  bridge  No.  6  ....! 3,:JOOO0 

For  engineeiing,  superintendence,  and  repairs  for  the  year  ending  June  30,  1870  33,  (KK)  00 

685, 338  Ot) 
If  to  the  above  be  added  the  amount  of  former  appropriations 3, 281 ,  584  00 

The  total  will  be ' 3,966,ihi2  00 

I  am,  general,  very  respectfully,  your  obedient  servant, 

THEODORE  B.  SAMO, 

Chief  Engineer. 
Brevet  BxigaflieT  G^iiettA  '^^  Kighler, 

Major  of  Eixgrneer^  TJ  *  ^*  Axm-^.^  vri  <A\a.y^€« 
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Estimate  of  amount  required  to  he  appropriated  for  pMic  buildings^  grounds^  and  ttorks^  and 
for  continuing  the  construction  of  the  Washington  aqueduct,  and  for  supervision  and  repair 
of  ihe  existing  portion  of  the  same,  under  direction  of  the  Chief  Engineer  of  tlu  army,  for 
the  iiicM  year  commencing  July  1,  ]d()9,  and  ending  June  30,  1670. 


Reference  to  law  by  which 
last    appropriation    wait 
made. 

Estimate  of   appropriation 
nquired  for  the  fiscal  year 
ending  June  3U,  1870. 

7"  a  J  >»a 
^s  o  si  -  V4 

Head  or  title  of  appropriation. 

Date. 

Vol. 

Page. 

Sec. 

c  ** 
•5  a 
«  o 

•2  sou 
u  a  — 

P  «-  2 

|sg 

For  repuirn,  care,  and  improvements  of 
public  bnildlngii  and  groundn,  per  enti- 
mate  in  di:>tail  ifierewirh,  marked  A. 

For  compenMaf ion  of  person k  employed  in 
and  about  the  public  buildings  and 
groundK,  per  s<tatcment  in  detail  here- 
with, ranrked  B. 

For  continuing  the  conHtruction  of  the 
Waxhington  aqueduct,  and  for  the  nuper- 
visinn  and  repair  of  the  exi<fting  portioiiH 
of  the  name,  per  estimate  in  detail  here- 
with, marked  C. 

For  Improvement  of  the  Virginia  or  George- 
town and  W«ahington  channelii  of  the 
Potomac  river,  in  the  District  of  Colum- 
bia, per  ttatement  in  detail  herewith, 
marked  D. 

> 

j 

$526.  COO  00 
51.430  00 

683, 338  00 
138,000  00 

Total 

1,400.768  00 

1 

1 

1 

A. — Statement  in  detail  of  amount  required  for  repairs  and  improvements  of  the  public  build- 
ings and  grounds  at  Washington  city,  D.  C,  undtr  the  direction  of  tfte  Chief  Engineer  of 
the  army. 


Object  of  appropriation. 


For  casual  repairs  of  the  navy  yard  and  upper  bridges 

For  repairs  and  taking  care  of  the  bridgre  at  or  u«)ar  the  Little 
Falls  of  the  Potomiic  river 

For  repairs  of  the  Long  bridge  across  the  Potomac  river 

For  fhel  for  the  President's  house 

For  repairs  of  Pennsylvania  avenue,  including  cleaning  and 
repairing  sewer  traps,  new  crossings.  Sec 

For  improvement  and  taking  care  of  public  reservation  No.  2 
and  Lafayette  sqnan> 

For  taking  care  of  and  improving  grounds  south  of  the  Presi- 
dent's bouse 

For  removing  snow  and  ice  from  pavements  and  public  walks 

For  repair  of  water-pipes  and  replacing  fire-plugs  along 
Pennsylvania  avenue ■ 

For  manure  and  cartage  for  the  same,  for  the  public  grounds 
and  reservations 

For  further  improvement  and  care  of  reservations  on  New 
York,  Pennsylvania,  Massachusetts,  Connecticut,  Vermont, 
and  Maryland  avenues 

For  painting  iron  fences  around  the  public  squares  and  reser- 
vations  

For  annual  repairs  of  the  President's  house 

For  flower-pots,  glasses,  twine.  Sec 

For  fuel  for  the  center  building  of  the  Capitol 

For  continuing  the  grading  of  Virginia  av^enue 

For  completing  the  iron  fence  around  the  botanic  garden  and 
acyoining  avenues 

For  completing  the  improvement  of  Franklin  square  by 
inclosing  it  with  an  iron  fence,  planting  trees,  shrubbery.  Sec 


Reference  to  laws  by  which  the 
last  appropriation  was  made. 


Date. 


Vol. 


July  20, 1868    Pam. 


July  20, 
July  20, 
July  20, 

Mar.    2, 

July  20, 

July  20, 
July  20, 

July  20, 

July  20, 


I 
1868     Pam. 
ims     Pam. 
1868     Pam. 


1867 

1868 

1868 
1868 

1868 

1868 


July  20. 1868 

July  20,  1868 
July  20, 1868 
July  20, 1868 
July  20, 18(58 
Mar.   2,1867 

July  28, 1866 

July  28, 1866 


Pam. 

Pam. 

Pam. 
Pam. 

Pam. 

Pam. 

Pam. 

Pam. 
Pam. 
Pam. 
Pam. 
Pam. 

Pam. 

Pam. 


Page. 


8 

8 
8 
8 

462 

8 

8 
8 

8 

8 

8 

8 
8 
8 
8 
463 

314 

315 


Sec. 


1 
I 


II 

< 


$5,000  00 

2,000  00 
5,000  00 
5,000  00 

20,000  00 

10,000  00 

10,000  00 
1,000  00 

10,000  00 

3,000  00 

15,000  00 

3,000  00 

10.000  00 

1,000  00 

1,500  00 

20,000  00 

29,000  00 
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j^. — Statemevt  in  detail  of  amount  required  for  repairs  and  improvements  of  the  pvh'it,  hu 

ings  ana  grounds,  dfc. — Coutinued. 


Object  of  appropriation. 


Rfference  to  laws  by  which  the 
last  appropriation  wan  made. 


Date. 


Vol.   j  Page.    Sec. 


For  the  further  improvement  of  Lincoln  fitinnre 

For  hire  of  cartH  oa  public  groiiu«.U 

For  purchaw*  and  repair  of  tool)*  used  on  the  public  grounds.. 

F"r  purchase  of  treeKaud  tree-boxei»,  to  whitewai>b  tree-boxes, 
and  repair  pavenuntu  in  front  of  n-Kcrvations 

For  lijrhtlnpf  the  Capitol,  PrenidentVhouiM?,  and  public  grouudw, 
the  executive  ottice^♦,  6cc 

For  pay  of  lamp-iiKhtern,  plumbing,  gas-titting,  repairs,  and 
cleaning,  and  material  of  all  kind^ 

For  purchuHe  of  ntationery,  bookg,  maps,  plauK,  office  furniture,  | 
and  contingent!*  (»f  the  office i 

For  cunipletiiig  iron  fencing  of  the  President's  grounds  on  the  I 
Houth,  and  along  tho  avenuti  now  being  opened  between  ] 
Fifteenth  and  Seventeenth  streets,  including  gatew,  Sec 

For  iron  feneinjf  of  groundh  Kouth  of  the  President's  house  along 
Fifteen! h  and  Seventeenth  htreets  to  the  canal,  and  along  the  i 
canal,  north  ^ide,  between  »aid  htreetn.  including  gate?;,  Ac. 

For  refurni^liing  the  Pre«»ident*8  hou»e  at  the  commencement  , 
of  the  next  presidential  tiMin 1 

For  improvinj?  MaHnacbuKettH,  Connecticut,  New  York,  Mary-  ' 
land,  Delaware,  and  New  Jersey  avenuex 

For  expeuheH  to  be  incurred  in  the  improvement  of  8»treets, 
aveuueH,  and  alkys  in  the  city  of  Washington,  pHttning  by 
or  through  the  property  of  the  Uuite<l  States,  and  abating 
nui»ances.  to  be  expended  under  the  Chief  of  Kugineers 

For  an  iron  bridge  acroH«i  the  canal  at  Sixth  street  went.  81  feet 
in  Ifiigth 

For  an  iron  bridge  at  Thirteenth  st.  we»t  acro«ijthe  canal,  lead- 
ing to  the  Agricultural  Department,  having  a  span  of  l.'iO  ft 

For  improvement,  care,  protection,  and  repair  of  «eats,  foun- 
tains, i&c,  iu  tlie  Capitol  grounds,  Slc 

For  improvement  of  the  monumental  reservation  about  the 
\Va^hlngton  statue 


July  25. 186ti 
Mar.  2.  iPtJT 
Mar.    2,  1867 

Mar.    2,1867 

Julv  20, 1868 

July  21),  1808 

July  20, 1868 


Para. 
Pam. 
Pam. 

Pam. 

Pam. 

Pain. 

Pam. 


251 
4t« 
462 

462 

8 
8 
8 


W  5 


\  $10.  PI 
1  .10 
1      1,5 

1  I   5,0 

...   40,0 

10,0 

:  2.0 

27,( 


25.  ( 

50,  ( 

100,  ( 

UV 
51,1 


2, 


Total ! 1 5J6, 

B. — Statement  in  detail  of  compensation  authorized  hy  law  to  persons  employed  on  the  ] 
build inj(s  and  grounds,  under  the  direction  of  the  Chief  Engineer  of  the  armif. 


Reference  to  laws  by  which  the 
compeutuition  was  authorized. 


Designation  of  the  office. 


Clerk  in  office  of  public  buildingx 

M<'f'.««nger  in  ortice  of  public  buildings 

Public  gardener 

J>aborer  In  charge  of  water-closets  in  the  CHipitol 

Foreman  in  public  grounds 

Twenty  one  hiborers  in  public  givuinds,  at  |864  per  annum 

Four  laborers  in  the  Capitol,  at  ^"7.10  p»M-  annum 

Furnace  keeper  in  the  old  hall  of  the  House  of  Kepresentatlves. 

Furnace  ke«'per  in  the  President's  house 

Two  policeuu'U  at  the  Pre»-id"nt's  house 

Two  watchnim  at  the  President's  house 

Doorkeeper  at  the  Prosideul's  house 

Assi»itani  doorkeeper  at  tho  Pn-sident's  house 

Two  dravv-keepers  at  bridge  across  the  Ea>tem  branch,  fuel, 

o  1 1 .  A-  c 

Watchmen  at  Franklin  square 

Person  to  take  charge  of  healing  apparatus  for  the  Library  of 

Congress 

Electrician  for  the  Capitol 

Five  watchmen  at  public  reservation  No.  2   

Eight  draw  keepers  at  Long  bridge,  fuel,  oil,  &c 


Date. 

Vol. 

Page 

8t>c. 

Aug.  31,  \Ki2 

Hi 

01 

*l. 

Mar.    :i.  18.V.> 

11 

421 

1, 

Mar.    3.  IKll 

9 

612 

1, 

31ar.    2,  1867 

Pam 

45«i 

Ftb.  2.>,  186:j 

12 

6i»4 

1 

M.ir.    3.  18Jl 

'J 

613 

18 

.Mar.    3.  l^t>3 

12 

75J 

o 

F.b.  25,  IHO*:* 

12 

6i»4  : 

Aug.  18.  1856 

U 

117 

Mar.    2.  l.'*67 

Pam 

456 

o 

Mar.    2,  18<r7 

Pam. 

45r;  , 

1 

Aug  31.  18.52 

10 

91   i 

1 

Aug.  31.  1852 

JO 

91 

i 

Aug.  3 1.1852  10 

Feb.  28,  I8t^  Pam 

I 

Mar.    2,1867  Pam 

Mar.    2.  1867  Pam 

Mar.    2,  1867  Pam 

Miir.    2,1867  P«au 


Total 


92 
315 

456 
46:t 
454> 
456 


1 
1 

1 
1 
1 
1 


1 

1 

5 
7 

51 
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C. — Estimate  in  detail  of  the  cost  of  completing  the  Washington  aqueduct^  and  for  the  super- 
vision  and  repair  of  the  existing  portions  of  the  sameyfor  the  fiscal  year  endintf  June  30, 1870. 


Object  of  the  appropriation. 


For  rent  and  parehaae  of  5.44  acres  of  land  at  Great  FallH  — 
For  pT}rcba«e  of  roadway  from  Great  Falls  to  conduit,  18.4  acres 
For  purchase  of  roadway  across  land  owned  by  Wm.  Brooke. 

For  reAt  and  purchase  of  land  at  high-service  reservoir 

For  rent  and  purchase  of  land  at  bridge  No.  6 

For  excavating  rocks,  trees,  and  bushes  above  dam  at  Great 


Falls 


For  lining  and  repairing  tunnel  No.  1 

For  completing  stone  bridges 

For  increasing  embankment  over  conduit,  and  macadamizing 


roa^ls. 


For  lining  350  feet  of  connecting  conduit  tunnel 

For  riprapping  water  face  of  connecting  conduit  embankment. 
For  excavating  the  bottom  of  the  distributing  reservoir  to  an 

additional  depth  of  13  feet,  and  lining  the  interior  slopes 

with  rubble  masonry  laid  in  cement 

For  completing  gate-house  at  distributing  reservohr 

For  completing  high-service  reservoir 

For  ventilators  over  conduit 

For  fencing  conduit  and  reservoirs 

For  30-inch  pipe  from  distributing  reservoir  pipe  vault  to 

Foundry  Branch  pipe  vault 

For  building  office  at  bridge  No.  6 

For  engineering*,  superintendence,  and  repairs  for  the  year 

ending  June  30, 1870 


Reference  to  laws  by  which  the 
appropriation  was  made. 


Date. 


Total 


July  25, 1668 


VoL 


Page. 


Pam. 


Sec. 


t-e 


cs 


B 


S£  o  «• 

< 


|1. 
1. 

3, 
2, 

5. 

1. 

27, 

11, 
15, 

11. 


320  00 
012  00 
550  00 
300  00 
640  00 

500  00 
6.50  00 
500  00 

000  00 
400  00 
000  00 


411. 

44, 
8, 
3. 

32, 

78, 
3. 


115  00 
538  00 
800  00 
080  00 
000  00 

633  00 
300  00 


33,000  00 


685,338  00 


D. — Statement  in  detail  of  the  cost  of  improving  the  Virginia^  or  Georgetown  and  Washington 

channels  of  the  Potomac  river. 


m 

Object  of  the  appropriation. 

Reference    to    laws    by 
which  the  appropria- 
tion was  made. 

t  required 
appropri- 

Date. 

Vol. 

Page. 

Sec. 

Amoun 
to  be 
ated. 

For  the  removal  of  the  causeway  of  the  Long  bridge,  and  to  replace 
the  same  bv  a  bridire  UDon  piles 

$25,000  00 

For  dredging  the  Virginia  and  Washington  channels 

8  000  00 

For  dredfdng  a  channel  eight  feet  deep,  and  from  two  hundred  and 
fifty  (2.W)  to  three  hundred  (300)  feet  wide,  between  Easby's  Point 
and  the  eastern  draw  of  the  Long  bridge,  about  300, 000  cubic 
vards 

• 

105.000  00 

j^OBua... .............................................. ......... 

Total !. 

138,000  00 

••••••I 

V3. 

Office  of  Public  Buildings,  Grounds,  and  Works, 

United  States  Capitoly  Washington^  April  30, 1868. 

General:  By  section  four  of  an  act  of  Congress,  approved  March  2, 
1867,  (Public  No.  59,)  '^making  appropriations  for  the  repair,  preserva- 
tion, and  completion  of  certain  public  works,  heretofore  commenced 
under  the  authority  of  law,  and  for  other  purposes,"  the  Secretary  of 
War  was  directed  to  cause  examinations  or  surveys,  or  both,  to  be  made 
of  certain  points,  among  others  of  the  Potomac  river,  in  the  District  of 
Columbia.    Subsequently,  by  engineer  orders  No.  67,  dated  Jijl^  T<y 

68  w— Part  H 


:r 


rr.' 


i>  ti-'i 


I- 


' :  *  ■ 


'^4 


:  i- 


work,  and  subsequently  prepared  the  maps  of  the  same.  To  € 
these  gentlemen  I  am  greatly  indebted  for  the  interest  displa 
prosecuting  their  labor,  and  especially  to  the  latter  for  the  compl< 
and  accur^icy  of  its  execution.  The  map  is  drawn  on  a  scale  o 
showing  not  only  the  hydrography  of  the  river,  but  also  the  topogr 
conformation  of  the  shore.  .  The  depth  of  the  water  at  meau  1< 
i«  represented  in  feet.  Observations  of  various  kinds  were  ni 
many  points  as  to  the  nature  of  the  soil  at  the  bottom,  the  direct 
strength  of  the  currents  in  the  channels,  and  the  action  produ 
the  rise  and  fall  of  the  tides.  It  is  found  in  water  less  than  six  ft 
the  bottom  is  hard  sand  on  the  surface,  through  which  an  iron  r 
inch  in  diameter,  can  be  thrust  six  feet  by  the  force  of  two  mi 
greater  depths  than  six  feet  the  rod  could  be  pushed  down  from 
to  ten  feet  with  the  same  physical  effort,  and  the  bed  on  the  sui 
of  soft  mud.  The  points  on  the  map  which  are  colored  in  piirpk 
the  positions  where  current  observations  were  made;  the  arrows  i 
the  direction  and  velocity,  one  inch  in  length  corresponding  to  oi 
per  hour.  For  the  purpose  of  carefully  examining  what,  if  any,  i 
changes  have  taken  place  in  the  nature  and  depth  of  the  channels, 
as  of  the  general  hydrographic  condition  of  the  river  since  previous^ 
were  made,  a  plan  has  been  prepared  showing  the  alterations  tbj 
taken  place  during  a  period  of  more  than  60  years.  The  earlier  d 
furnished  principally  from  a  map  published  in  1792,  which  approxi 
locates  the  channels  and  general  features  of  the  river  at  that  tin 
I>revious  to  the  construction  either  of  the  Long  bridge  or  of  the  cai 
connecting  the  head  of  Analostan  island  with  the  Virginia  shore, 
is  not  probably  very  reliable  in  its  details,  although  coufirmiug  th< 
lections  of  some  of  the  older  inhabitants  with  whom  the  subj< 
long  been  familiar,  but  it  is  nevertheless  very  interesting  and  siigg 
The  later  information  is  obtained  from  more  recent  and  accara 
veys  made  respectively  in  the  years  1857,  1862,  and  1867.  That  i 
was  made  by  Mr.  li.  W.  Burgess,  civil  engineer,  under  the  on 
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nel.  In  the  first  a  depth  of  seven  feet  could  then  be  had,  and  in  the  second 
over  nine ;  through  the  third  or  main  one,  the  soundings  show  that  at  least 
17  feet  could  have  been  carried  through  its  entire  length.  The  average 
width  of  these  channels  was  about  200  yards,  large,  marshy  flats  sepa- 
rating them  from  each  other.  A  large  rock  called  Braddock's  rock,  at 
the  base  of  the  hill  upon  which  the  United  States  observatory  now 
stands,  is  said  to  mark  the  spot  where  the  British  general  in  1755  landed 
a  portion  of  his  war  material  when  contemplating  his  move  upon  Canada. 
A  channel  of  seven  feet  then  existed  where  now  extends  a  low,  grassy 
expanse. 

In  the  year  1806,  the  appropriation  for  which  wa«  made  by  Congress, 
and  approved  January  19, 1805,  the  causeway  connecting  Mason's  island 
with  the  Virginia  shore  was  thrown  up  for  the  purpose  of  deflecting  the 
large  body  of  water  that  then  passed  between  the  two  into  the  main  bed 
of  the  river,  between  the  island  and  the  Maryland  bank.  In  consequence 
of  this  the  channel  south  of  the  island,  through  which  a  draught  of  18 
feet  could  be  had,  has  been  entirely  closed.  Immediately  below  the  cause- 
way the  depth  of  water  is  still  over  30  feet,  but  gradually  falls  off  to  one 
or  two.  A  grassy  marsh  has  since  been  formed,  and  now  extends  for 
some  distance  below  the  extremity  of  the  island.  The  Long  bridge  was 
constructed  in  1809,  that  portion  of  it  known  as  the  causeway,  1,967  feet 
in  length,  having  been  built  on  the  flats  separating  the  channels,  and  the 
remainder  on  wooden  piles  and  crib- work.  Two  draws  for  the  passage  of 
vessels  are  respectively  134  and  148  feet  in  the  clear.  Although  the 
flats  had  previously  existed  to  a  wide  extent,  and  have  no  doubt  since 
been  enlarged  by  the  greater  quantity  of  debris  borne  along  by  the  river 
and  deiK)sited  where  the  opposing  forces  of  the  current  of  the  one  and 
of  the  tidal  influence  from  the  ocean  first  encounter  each  other,  these 
deposits  yearly  increasing  in  consequence  of  the  more  advanced  culture 
of  the  rich  regions  through  which  the  waters  flow,  still  examinations 
recently  made  indicate  that  the  flats  have  become  more  extensive,  owing 
to  the  obstructions  offered  by  the  causeway,  not  quite  so  apparent  above 
the  bridge  as  below  it.  The  recent  surveys,  those  made  in  1857,  1862, 
and  1867,  at  intervals  of  five  years,  indicate  very  decided  changes  in  the 
regimen  of  the  river  as  compared  with  that  exhibited  by  the  oldest  acces- 
sible chart.  Where  formerly  three  channels  existed,  now  only  one  is 
practically  useful  for  the  present  tonnage  of  the  sea-going  vessels  sail- 
ing between  Georgetown  and  the  Atlantic  ports,  and  that  has  been 
slowly  but  gradually  filling  up  for  a  short  distance,  so  that  upon  the  bar 
which  has  been  formed  scarce  eight  feet  of  water  can  be  found  at  mean 
low  tide.  Vessels  bound  up  or  down  have  to  wait  for  the  flood-tide,  cre- 
ating delay  and  uncertainty.  The  old  swash  or  shore  channel  has 
entirely  disappeared,  scarcely  a  foot  of  water  over  the  flat  upon  the  ebb- 
tide ;  so  also  with  the  one  known  as  the  Washington  or  city  channel,  the 
upper  portion  of  which  is  closed  to  navigation,  the  present  head  being 
about  midway  between  the  north  draw  of  the  bridge  and  the  Washing- 
ton monument,  and  even  at  that  point  scarce  seven  feet  of  water  can  be 
dejiended  upon.  Only  very  light-draught  boats,  chiefly  used  for  trans- 
portation of  wood  and  lumber,  pass  through  the  draw  of  this  channel  to 
the  entrance  of  the  Washington  canal,  and  then  only  on  a  high  stage  of 
water. 

These  great  changes  in  the  last  50  years  have  been  the  result  of  the 
constantly  accumulating  deposits  in  the  bed  of  the  river  from  the  sur- 
face drainage  and  sewerage  of  the  two  cities,  brought  down  by  the  Tiber 
and  Eock  creeks,  from  the  washings  from  above  and  the  wear  of  the 
banks  by  the  varying  currents,  and  from  the  effect  of  t^^  ev^T-^\K\xv.^ 


otner  irom  aoove  anu  oeiow,  witnin  \fov  leet,  wiia  a  cuauaei  oi 
feet  connecting  tbem.  While  up  to  the  present  period  we  find  tbi 
has  been  very  little,  if  any,  change  in  the  depth  of  water  bet^ 
island  and  the  Wa«nington  shore  since  the  first  chart  was  publis 
position  of  the  upper  curve  of  18  feet  remaining  almost  identic 
same,  still,  in  descending  the  river  by  the  Virginia  channel,  su 
not  continue  to  be  the  case;  the  deptii  had  diminished  since  th 
and  by  survey  of  1857  the  curve  of  18  feet  had  rex^eded  over  7,< 
and  its  position  then  was  only  a  short  distance  above  the  south 
the  bridge.  In  an  interval  of  five  years,  as  shown  by  survey  of  1 
same  curve  has  commenced  tx)  advance  up  stream,  although  i 
materially,  having  gained  in  that  time  about  360  feet.  By  the  1 
vey,  that  of  18G7,  it  is  demonstrated  that  the  same  curve  has  cc 
to  advance  duiing  a  like  interval,  having  moved  up  stream  ov 
feet  in  the  last  five  years.  At  the  latter  rate  it  will  not  take 
regain  its  position  of  1792.  These  alterations  have  no  dou 
brought  about  by  a  combination  of  the  causes  above  enumerate 
by  tliose  powerful  agents,  which  brook  no  control,  the  immense 
arising  from  the  melting  of  the  snows  of  the  mountains  and  th 
falls  of  rain,  together  with  the  great  accumulation  and  pressur 
ice  of  winters  when  broken  up  and  let  loose  by  the  advance  of 
Similar  changes  can  be  observed  in  the  6  and  12  feet  curves  of 
ginia  channel  during  the  same  intervals,  at  one  time  receding  ai 
again  advancing,  although  not  to  the  same  extent  as  in  those  ol 
feet.  Along  the  course  of  the  same  channel,  between  the  up 
lower  termini  of  the  12-feet  curves,  a  distance  of  2,000  feet,  a 
deposit  has  been  forming  for  years  ba<5k,  creating  at  one  poii 
which  has  already  seriously  interfered  with  its  navigation.  Dm 
last  survey  not  more  than  soundings  of  eight  feet  were  found 
mean  low  tide. 
Whilst  these  alterations  have  been  taking  place  in  the  Virgin; 
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reaume  its  old  regime.  Very  little  alteration  has  taken  place  in  the  shore 
lines  above  the  Long  bridge,  and  consequently,  from  this  cause,  the 
river  has  not  been  much  deflected  from  its  natural  course.  Immediately 
below  the  Little  Falls  the  depth  of  water  is  over  80  feet,  and  continues 
very  deep  until  the  aqueduct  bridge  is  reached.  There  the  soundings 
indicate  24  feet  in  the  channel.  Thence  to  a  short  dista/Uce  below  the 
southern  extremity  of  Mason's  island  it  decreases  considerably,  varying 
from  25  feet  to  18,  although  at  some  intermediate  points  there  is  as 
much  as  35  feet  of  water,  particularly  opposite  Easby's  wharf.  Below 
that  point,  as  has  already  been  described,  the  river  spreads  out  over  a 
wide  surface,  the  current  becoming  more  sluggish,  and  the  channel 
gradually  contracting  for  some  considerable  distance,  with  scarce  eight 
feet  at  mean  low  tide.  Then,  as  the  Long  bridge  is  approached,  the 
Virginia  channel  again  widens  out  and  gradually  deepens.  At  the 
draw  it  is  over  24  feet,  and  continues  to  increase  in  depth  as  the  descent 
is  made. 

The  Washington  channel,  now  heading  but  a  short  distance  above  the 
Long  bridge,  with  only  seven  feet  at  its  highest  point,  soon  attains  a 
depth  of  12  as  it  passes  through  the  east  draw.  Continuing  to  deepen, 
although  but  slightly,  it  in  a  short  time  joins,  south  of  Greenleaf 's  Point 
on  the  arsenal  grounds,  the  waters  of  the  Eastern  Branch.  Vessels 
drawing  18  feet  can  ascend  the  latter  as  high  as  the  wharves  at  the  navy 
yard.  Formerly  they  could  reach  Bladensburg,  but,  from  natural  causes, 
the  bed  has  been  filling  up.  About  half  a  mile  below  their  junction, 
the  combined  streams  unite  with  the  Virginia  channel,  from  which  they 
have  been  separated  below  the  bridge  by  broad,  grassy  flats.  A  depth 
of  40  feet  and  over  is  then  obtained  in  the  main  channel. 

The  survey  of  last  year  did  not  extend  below  the  Long  bridge,  but 
that  of  1862  includes  that  part  of  the  river  between  the  bridge  and 
Giesboro'  Point,  about  a  mile  below  the  arsenal. 

From  examination  it  is  evident  that  the  Washington  channel,  both 
below  as  well  as  above  the  bridge,  is  being  seriously  impaired.  It  has 
decreased  in  width  as  well  as  in  depth.  Some  plan  must  be  adoi>ted  for 
its  improvement,  and  its  execution  should  not  be  unnecessarily  delayed. 
A  very  large  part  of  the  trade  of  the  city  is  dependent  upon  keeping 
this  channel  open,  and  interested  in  preventing  it  from  being  further 
damaged  by  both  artificial  and  natural  causes.  This  part  of  the  subject 
will  be  subsequently  referred  to. 

From  the  previous  and  already  too  extended  description  of  the  present 
condition  of  the  river,  it  is  also  plainly  apparent  that,  in  reality,  there 
is  but  one  channel  of  the  Potomac — the  Virginia  channel — which  is 
practically  useful  at  present  for  commercial  purposes,  so  far  as  the 
entire  city  of  Georgetown  and  a  large  section  of  Washington  are  con- 
cerned, and  how  long  this  one  will  remain  so  is  a  question  which  con- 
cerns every  one  interested  in  the  welfare  and  prosperity  of  the  t>vo 
cities. 

The  examination  proves  very  conclusively  that  it  is  graduallv  becom- 
ing impaired  by  the  continuous  formation  of  a  bar  or  shoal  in  the  middle 
of  the  channel,  which,  extending  now  but  a  short  distance,  will  finally 
assume  greater  proportions,  unless  some  artificial  appliances  be  resorted 
to  for  its  removal.  During  the  period  the  surveys  were  being  executed 
sea- going  vessels  occasionally  stuck  fast  on  the  bottom  at  low  water. 

Any  one  who  seriously  studies  the  subject  must  be  forcibly  impressed 
with  the  great  necessity  of  adopting  some  system  of  improvement  for 
deepening  either  one  or  both  of  the  channels,  or  by  cutting  a  new  one 
through  which  to  force  the  entire  body  of  water  of  the  Potom^v^\j  VViSs. 
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Avill  never  cease  to  be  supplied  in  sufficient  quantities  for  all  navigable 
purposes.    Instead  of  allowing  tbe  river  to  spread  out  over  a  wide  sor- 
fa<?e,  it  sbould  be  confined  in  one  channel,  ample  in  width  and  depth; 
this  once  accomplished  by  the  engineer,  it  will  be  found  that  nature 
will  come  to  his  assistance  and  aid  in  the  operation  of  i^erfecting  his 
plans.    In  anticipation  of  such  improvements,  legal  measures  should  be 
taken  for  remedying  all  existing  injuries  to  the  channel,  for  the  conserva- 
tion of  the  shores  and  harbors,  for  preventing  future  encroachments  in 
the  construction  of  such  works  as  may  produce  any  damaging  effect 
Every  encroachment  should  be  received  with  the  greatest  jealousy.   It 
need  not  be  stated  that  the  general  government  has  a  great  interest  in 
encouraging  the  river  improvements  to  be  proposed,  and  by  assisting 
with  liberal  appropriations  their  execution.    Had  this  step  been  taken 
before  the  late  war  it  would  be  impossible  to  estimate  the  amount  that 
would  have  been  saved  during  that  period;  by  the  expediting  of  tr»i^ 
l^ortatiou  alone,  more  ^han  sufficient  means  would  have  accrued  to  com- 
I)ensate  for  the  expense  of  the  entire  undertaking.    Nor  has  the  useful- 
ness and  necessity  for  such  improvement  on  the  part  of  the  government 
ceased  to  exist ;  as  long  as  the  capital  stands,  so  long  will  the  need  arise 
for  a  permanent  and  copious  channel  to  meet  the  demands  of  commerce. 
As  will  be  shown  hereafter,  the  whole  work  will  be  remunerative  in  the 
greatest  degree — the  exi)ensewill  be  met  by  the  advantages  gained.  It  has 
been  often  stated  that  there  are  no  more  difficult  and  uncertain  issues  than 
those  connected  with  the  improvement  of  rivers,  and,  in  submitting 
plans  for  those  which  will  be  proposed,  it  has  been  found  desirable  to 
endeavor  to  renew,  as  far  as  practicable,  the  old  condition  of  the  regi- 
men of  the  river.    As  a  great  deal  of  time  will  necessarily  be  consumed  in 
the  preparation  and  obtaining  of  materials,  and  the  construction  of  sneh 
necessary  works  as  may  be  needed  to  execute  any  contemplated  plan 
of  permanent  improvement,  even  should  the  necessary  appropriation  or 
other  means  become  available,  it  is  recommended,  in  the  first  instance, 
to  dredge  out  that  portion  of  the  Virginia  or  Gex)rgetown  channel  where 
the  existence  of  the  shoal  water  demands  it,  and  also  to  the  same  extent 
the  Washington  or  city  channel  below  the  Long  bridge,  so  as  to  obtain 
a  suitable  depth  of  water  in  each  for  such  sea-going  vessels  as  are  of  a 
proper  tonnage  for  the  trade  of  the  river.    The  present  channel  will  then 
be  preserved  for  immediate  use  in  the  event  of  no  funds  becoming  tangi- 
ble within  a  reiisonable  time  for  more  extended  and  important  improve- 
ments.   The  channel  wavs  should  be  in  the  minimum  at  least  of  100  feet 
in  width,  with  a  depth  of  12  feet  at  mean  low  water.    In  view,  however, 
of  the  improvement  to  be  finally  proposed,  it  will  onl3'  be  necessary  at 
present,  iis  far  as  the  Washington  or  city  channel  is  in  question,  to  dredge 
such  shoals  or  bars  as  immediately  require  alteration,  without  going  into 
any  extension  of  its  width.    This  will  be  attended  with  very  little  expense 
and  not  much  loss  of  time;  the  machinery  and  labor  to  be  employed 
becoming  available  during  any  temporary  suspension  on  the  other  adjoin- 
ing works.    In  respect  to  the  Virginia  channel,  the  plan  for  it«  pre^^^ent 
improvement  is  represented  in  the  accompanying  sketch,  which  exhibits 
the  plan  and  profile,  marked  B,  for  connecting  the  12-feet  water  curves. 
The  distance  to  be  dredged  is  1,900  feet,  and  by  calculation  the  amount 
of  soil  to  be  removed  will  be  about  10,191  (jubic  yards.    The  distance  is 
divided  into  sections  of  100  feet,  and  the  contents  of  each  can  be  fonnd 
by  reference  to  the  annexed  table,  marked  channel   B.    Should  the 
engineer  in  charge  desire  to  accomplish  the  work  without  contracting 
for  the  same,  it  may  be  well  to  mention,  as  the  questions  are  frequently 
a^ked,  that  one  oi  tXv^  Xy^^V  <\\^5\^\\!k^  machines  is  said  to  be  Osgood's 
patent,  wliicb,  aceoriViw^  lo^iX\^V^L\fc^\.  ^\A\\:LQ;5^\.\^Ya^^Y^virmation,  can 


REPORT  OF  THE  SECRETARY  OF  WAR.  919  • 

aise  from  300  to  500  cubic  yards  of  soft  mud  or  sand  per  day.  Each 
►f  the  machines  owned  by  the  government,  and  used  at  present  in  the 
^atapsco  river,  cost  about  $10,500.  An  estimate  for  this  temporary 
mprovement  will  be  appended.  Whatever  opinions  may  be  held  or 
lave  been  expressed  by  others  in  regard  to  the  obstruction  or  encroach- 
oent  in  the  river,  in  consequence  of  the  building  of  the  causeway  of 
he  Long  bridge,  it  has  been  clearly  demonstrated  to  me  that  there  is 
lo  doubt  of  that  structure  being  very  injurious  to  the  Washington 
shannel,  and  that  the  section  referred  to  should,  therefore^  be  removed 
md  replaced  by  either  an  arched  bridge  or  one  on  piles  of  iron  or  wood, 
rhose  best  acquainted  with  the  river  bave  pointed  out  a  most  marked 
ncrease  during  the  last  few  years  in  the  dimensions  of  the  flats,  and  a 
consequent  diminution  in  the  width  and  depth  of  the  channel.  Whilst 
he  causeway  obstructs,  to  a  considerable  extent,  the  water  coming  down 
rom  the  interior  of  the  country,  it  also  partially  prevents  the  iide- water 
rem  flowing  uj);  it  therefore  interrupts  that  continual  scour  which 
ihould  result  from  the  force  of  the  one,  and  the  flowing  and  ebbing  of 
he  other;  tbe  tides  should  have  a  perx^etual  and  unrestricted  current. 
'  The  great  object  to  be  kept  in  view,  in  carrying  into  effect  the  improve- 
nent  of  the  navigation  of  a  tidal  river,  is  the  free  admission  of  the 
^eatest  possible  quantity  of  water  from  the  sea,  as  reliance  must  be 
;hiefly  placed  upon  the  scour  produced  by  the  tide,  and  not  upon  the 
jurrent  of  the  fresh  water  as  the  chief  agent  in  keeping  open  the  navi- 
gable channel  of  the  river."  Many  celebrated  engineers  have  concurred 
n  the  above  opinion;  and  this  being  admitted,  "it  is  manifest  that  all 
ibstructions  to  the  tidal  flow  upwards  should  be  removed,"  such  as  shoals 
ind  bars,  or  dams  and  dikes,  or  any  other  cause  of  obstructions.  The 
ength  of  the  causeway,  as  already  stated,  is  1,967  feet,  a  somewhat 
ormidable  obstacle  to  either  river  current  or  ocean  tide,  and  the  esti- 
nated  cost  of  substituting  for  it  the  most  simple  plan  of  bridge,  the  pile 
►r  trestle  or  crib  work,  will  not  require  a  very  large  expenditure  in  pro- 
)ortion  to  the  advantage  to  be  gained.  It  is  diflicult  to  understand  why 
he  causeway  was  originally  constructed.  An  estimate  for  its  removal 
s  herewith  appended. 

In  my  last  annual  report,  dated  October  1, 1867,  it  was  stated  that 
orders  had  been  given  me  to  i)repare  a  special  report  to  the  bureau  in 
•egard  to  the  improvement  of  the  channel  of  the  river,  and  that  the 
)ridge  question  was  so  intimately  associated  with  the  matter  as  to  neces- 
larily  form  a  part  of  the  document.  Since  then  two  very  interesting  and 
comprehensive  reports  in  reference  to  bridging  the  Potomac  at  several 
>oint8  have  been  carefully  examined,  and  the  subject  found  to  be  very 
horoughly  exhausted.  Should  either  of  the  plans  proposed  in  reference 
;o  the  present  site  of  the  Long  bridge  be  adopted,  it  would  necessitate 
ihe  removal  of  the  causeway.  These  reports  were  made  at  dift'erent 
>eriods  to  the  Department  of  the  Interior;  the  one  was  prepared  by 
Alfred  C.  lleeves,  esq.,  civil  engineer,  and  submitted  to  Congress  by  the 
Son.  R.  McClelland,  tnen  Secretary,  on  the  7th  of  February,  1857,  and 
he  other  by  Colonel  Silas  Seymoui;,  civil  engineer,  addressed  to  the  Hon. 
3.  H.  Browning,  the  present  Secretary,  on  the  18th  of  February,  1868. 

The  first  report  was  printed  several  years  ago  for  distribution,  and 
he  perusal  of  the  second  in  the  original  manuscript  was  kindly  afforded 
ne  by  the  author. 

W^e  have  now  discussed  the  temporary  and  at  the  same  time  the  most 
economical  and  expeditious  plans  for  improving  the  navigation  of  the 
existing  channels:  firstly,  by  deepening  the  two  channels,  the  Washing- 
:on  or  city,  and  the  Virginia  or  Georgetown,  by  dredging  t\\^  ^Vv^^n^jvV^  \.^> 
i;he  depth  of  12  feet  at  mean  low  water;  and  secondi^' , ^^'  \Xi^  \^\svqs*^ 
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of  the  causeway  of  the  Long  bridge,  which  contracts  the  current  and 
obstructs  the  flow  of  the  tide,  in  order  to  obtain  a  larger  volume  of 
w^ater  to  assist  in  scouring  them  out.  The  velocity  of  the  current,  upon 
which  mainly  the  scouring  process  depends,  is  not  great;  the  greater  the 
reason,  therefore,  for  removing  any  obstacle  to  its  free  action.  It  may 
be  here  stated  that  the  rise  and  fall  of  the  tides  is  about  three  feet,  and 
that  the  velocity  of  the  current  in  the  channel  is  one-half  mile  per  hour. 
The  next  questions  to  be  considered  have  reference  to  some  plan  for  the 
permanent  improvement  of  the  navigation  of  the  river;  several  have 
been  recommended,  but  to  the  present  time  not  one  has  been  executed 
or  even  adopted.  There  is  a  division  of  opinion  as  to  whether  one  or 
both  of  the  old  channels  shall  be  improved,  and  again  whether  both  of 
them  ought  not  to  be  closed  and  an  entirely  new  one  opened.  One  good, 
straight,  broad  channel  will  certainly  be  more  preferable  than  two  inferior 
ones,  and.  the  one  which  x>romotes  the  greatest  amount  of  benefit  and  is 
most  advantageous  for  the  commercial  interests  of  both  cities,  Washing- 
ton and  Georgetown,  should  be  adopted,  although  it  might  not  prove 
the  most  economical  in  the  first  instance. 

If  one  can,  therefore,  be  dredged  out  which  will  conform,  as  closely  as 
possible,  to  the  regimen  of  the  river  as  it  existed  many  years  ago,  before 
its  waters  were  obstructed  by  the  encroachments  since  made  upon  it, 
and  should  legal  measures  be  taken  to  remove  the  latter,  it  would  seem 
that  such  are  the  steps  needful  to  be  taken. 

'  From  the  difterent  surveys  made  it  is  evident  that  the  current  of  the 
river  has  still  a  tendency  to  set  in  the  direction  of  the  old  Washington 
or  city  channel  as  laid  down  on  the  earlier  maps,  running  parallel  to  the 
bold  curved  shore  which  forms  the  city  front;  a  pocket  has  been  formed 
showing  this  tendency,  and  within  the  last  few  years  it  has  been  grad- 
ually extending  and  deepening.  The  current  is  somewhat  deflected  from 
taking  what  otherwise  would  apparently  seem  to  be  its  natural  course 
by  the  encroachment  of  Easby's  wharf,  and  by  obstructions  offered  at 
and  near  the  same  place  by  rocks  which  api)ear  above  and  below  the 
surface  of  the  water,  and  which  should  be  removed  before  any  extended 
improvement  is  commenced.  What  would  then  seem  to  be  the  most 
natural  plan  is  to  connect  deep  water  a  little  above  the  east  draw  of  the 
Long  bridge,  where  the  river  washes  against  high  bluff*  banks,  with 
deep  water  below  Easby's  wharf,  the  course  of  the  new  channel  follow 
iiig  the  general  direction  of  the  current,  and  taking  advantage  at  the 
same  time  of  the  most  favorable  profile. 

The  plan  and  j^rofile  of  the  proposed  new  channel  is  exhibited  in  one 
of  the  accompanying  sketches.  It  should  be  at  least  12  feet  in  depth  at 
mean  low  water,  and  100  feet  in  width;  the  length  of  the  cut  will  be 
about  5,700  feet,  and  the  quantity  of  soil  to  be  removed  is  calculated  to 
be  1  G2,G21  cubic  yards.  An  examination  of  the  bottom  of  the  river  proves 
that  it  is  peifectly  feasible  to  dredge  the  channel  to  the  necessary  depth, 
Irequent  borings  of  the  sub-soil  having  furnished  siitisfactory  results. 

In  computing  the  cubic  contents  to  be  removed  proi)er  allowance  has 
been  made  for  the  caving  in  of  the  sides  of  the  channel,  assuming  that 
they  will  take  a  slope  of  45^,  the  soil  being  comi)osed  of  hard  sand. 
The  material  removed  can  be  conveniently  deposited  on  the  grassy  marsh 
between  the  edge  of  the  channel  and  the  main  slope,  thereby  embank- 
ing and  reclaiming  about  220  acres,  the  greater  part  of  which  would 
prove  an  extension  to  that  part  of  the  public  grounds  called  the  Mali. 
Although  it  is  not  advisable  to  contract  the  banks  so  as  to  prevent  the 
spread  of  the  water  and  intercept  the  tidal  flow,  still  as  the  river  is  so 
broad  at  t\i\s  pomt  vmd  tke  »\)ace  reclaimed  so  limited,  no  verj'  serious 
damage  can  \)e  a\iX\c\\)«i\.^CL, 
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Among,  the  several  river  improvements  of  the  present  century  which 
have  proved  most  successful,  the  greatest  depth  of  water  has  been 
obt>ained  by  artificial  means,  principally  by  dredging,  aided  when  favor- 
able by  the  scouring  process  of  the  tides.  Should  the  soil  prove  too 
soft  and  not  adopt  a  proper  slope,  quarter  or  half  tide  dikes  can  be  used 
to  guard  the  channel.  A  more  substantial  and  permanently  useful 
improvement  for  protecting  it  along  the  city  front  would  be  to  build  a 
sea-wall,  which  would  also  act  as  a  retaining  wall  for  the  reclaimed  land. 

By  opening  this  new  channel  the  force  of  the  current  will  aid  in  scour- 
ing out  that  part  of  the  old  city  channel  below  the  Long  bridge,  which, 
as  has  already  been  stated,  is  being  seriously  impaired.  The  removal  of 
the  causeway  of  that  bridge  is  a  sine  qua  non  in  respect  to  the  successful 
execution  of  any  of  the  plans.  Nor  will  this  improvement  produce  any 
injurious  effect  upon  the  channel  of  the  East  Branch,  as  the  two  glide 
into  each  other  at  an  acute  angle  and  together  assume  a  gentle  contin- 
uation of  the  curve  of  the  shore  as  far  down  as  Alexandria,  where  it  is 
again  deflected  towards  the  opposite  bank. 

Appended  is  a  table  marked  channel  A,  exhibiting  the  contents  of 
each  section  of  a  hundred  feet  through  the  proposed  cut,  and  an  esti- 
mat<e  for  dredging  the  channel  is  annexed. 

Whether  or  not  sufficient  water  will  pass  through  the  new  channel 
when  opened,  without  the  aid  of  the  artificial  appliances,  to  deflect  it 
from  the  Virginia  channel,  is  a  question  requiring  great  consideration; 
and  the  fact  of  the  Potomac  being  influenced  by  the  tides  to  a  higher 
point  than  the  proposed  work,  renders  it  necessary  to  examine  whether 
or  not  dikes  might  be  so  constructed,  without  proving  injurious,  as  to 
give  to  the  ciuTcnt  a  suitable  direction.  If  properly  directed,  the  whole 
mass  of  water  can  be  usefully  employed,  instead  of  wasting  its  power 
by  being  spread  over  the  present  broad  surface  of  its  bed. 

In  the  very  able  and  suggestive  report  by  Mr.  Alfred  Keeves,  to  which 
reference  has  already  been  made,  upon  the  subject  of  opening  a  new 
channel,  he  proposes  the  building  of  a  breakwater  from  the  southern 
extremity  of  Mason's  island  to  deflect  the  current.  In  the  same  connec- 
tion he  remarks  that  the  advantages  resulting  from  a  combination  of 
the  arrangements  suggested  would  be  permanent,  "because  the  river  will 
be  confined  in  a  sufficiently  narrow  channel  for  more  than  a  mile  below 
Easby's  wharf  by  the  proposed  breakwater,  which  it  leaves  in  a  direc- 
tion normal  to  the  Long  bridge,  finally  passing  through  the  opening 
reserv'ed  for  it,  and  becouung  tangent  to  a  bold  curved  shore  of  wonder- 
fully regiUar  outline.  It  is  well  known  that  currents  in  curves  form 
stable  and  deep  channels."  The  building  of  such  a  breakwater  would 
have  the  tendency,  sooner  or  later,  to  close  entirely  the  Virginia  channel ; 
instead  of  being  preserved  for  navigable  and  commercial  purposes,  its 
place  would  be  occupied  by  marsh  or  meadow-land  which  would  eventu- 
ally form  ;  this  would  be  but  a  continuation  of  the  process  already  going 
on,  in  consequence  of  the  building  of  the  causeway  at  the  head  of 
Msison's  island. 

Again,  in  constructing  such  a  breakwater  or  dike,  and  thus  contract- 
ing the  width  of  the  stream,  what  would  be  the  general  effect  in  the 
course  of  time  upon  the  new  channel,  should  one  be  opened,  and  would 
not  such  a  work,  perhaps,  prove  an  impediment  instead  of  an  improve- 
ment to  navigation,  by  preventing  and  thereby  decreasing  the  flow  of 
tide!  Considering,  however,  the  very  great  width  of  the  Potomac 
opposite  the  two  cities,  where  the  upward  tidal  flow  and  the  downward 
current  of  the  river  encounter  and  apparently  hold  each  other  in  check, 
and  also  the  short  distance  above  the  proposed  improvement  to  which  the^ 
tide  ascends,  to  say  nothing  of  the  small  rise,  it  4oe^  tioX,  'efc^\CL  n^\^ 


eections,  and  as  it  progresses  tlie  practical  effect  ui>ou  the  acti< 
cnrreiit  could  be  observed,  and  any  needed  change  iti  the  pli 
suggest  itself.  The  section  across  the  Virginia  channel  shoul 
last  one  completed,  in  order  not  to  interfere  until  the  last  mom 
the  navigation  through  it.  It  is  a  question,  especially  in  an  ec- 
point  of  view,  whether  a  breakwater  from  the  southern  extr 
Mason's  island,  and  parallel  to  the  current  of  the  river,  will 
advantageous  than  a  dam  or  pier  built  perpendicular  to  its 
direction,  and  extending  from  the  Virginia  shore,  across  the  old 
to  near  the  edge  of  the  now  one.  On  the  sketch  the  ijosition 
a  dam  is  located,  it  being  laid  down  along  the  line  of  least  watf 
profile  will  show.  The  selection  of  a  dam,  in  preference  to  th 
water  proposed  by  Mr.  Keeves,  is  that  the  first  will  be  much 
more  conveniently  built,  and  consequently  a  more  economical  s 
The  difference  in  the  practical  working  of  each  will  not  be  ve 
The  report  which  gained  some  currency  daring  the  early  part 
and  assumed  an  official  recognition  by  the  action  of  the  Board 
of  the  city  of  Washington,  in  offerhig  a  preamble  and  resohitic 
11th  of  February  of  that  year,  that  the  previous  hea^-y  "freshe 
Potomac  had  caused  the  channel  on  the  Virginia  side  of  the  m 
blocked  up  so  as  to  cause  the  flood  to  seek  an  outlet  across 
known  as  tlie  'fiats,'  thereby  opening  the  original  channel  of  tli 
ington  side  of  the  river,"  was  not  entirely  based  iipon  the  facts 
exist,  the  recent  survey  proving  that  no  such  change  had  taken 
the  great  extent  above  quoted.  It  was  also  stated  that  the  I 
formed  a  natunil  breakwater,  similar  iu  its  effect  to  the  one  pro 
Mr,  Reeves.  This  combined  action  of  the  freshets  and  ice  will 
account  for  the  tendency,  already  nientioneilj  iu  the  river  to  re; 
old  channel,  and  ofiers  a  strong  lu-gument  in  support  of  the  i 
posed. 

If  the  plan  for  a  dam  should  be  adopted,  the  following  woid 
dimensions :  The  required  length  is  2,5G0  feet,  with  a  width  of  1 
top  and  15  feet  iu  heierht.  the  averace  dewth  alons  it  bcinir  9 
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to  the  unhealthy  condition  of  the  atmosphere,  and  presenting  so  un- 
sightly an  appearance,  would  be  reclaimed,  and  in  a  short  time,  it  is  to 
be  hoped,  add  greatly  to  the  beauty  of  the  public  grounds  in  that  section. 

Again,  by  opening  a  cut  for  the  Tiber  to  pass  into  deep  water  of  the 
new  channel,  the  sewerage  of  the  city,  a  subject  which  should  receive 
most  carefid  and  studied  attention  on  the  part  of  its  inhabitants,  would 
be  scoured  off  by  the  strong  currents  of  the  river,  instead  of  spreading 
over  the  flats  and  generating  pestilential  vapors,  with  which  to  infect 
the  whole  community.  These  great  advantages  will  certainly  deserve 
the  consideration  of  the  reflecting  citizen,  and  compensate  for  the  com- 
paratively small  pecuniary  expense  of  the  undertaking. 

A  statement,  setting  forth  the  amount  of  tonnage  arriving  at  and  de- 
parting from  both  Washington  and  Georgetown  during  the  last  year, 
1867,  is  appended. 

The  following  is  a  list  of  maps  and  plans  which  accompany  this  report: 

1.  Map  of  Potomac  river,  published  in  1792. 

2.  Map  of  Potomac  river,  surveyed  in  1857  by  Captain  Woodruff. 

3.  Map  of  Potomac  river,  surveyed  in  1862  by  Captain  Patterson. 

4.  Map  of  Potomac  river,  surveyed  in  1867  by  Mr.  Fendall. 

5.  Plan  showing  the  alterations  in  the  channel  of  the  Potomac  river, 
ascertained  by  surveys  in  1792,  1857,  1862,  and  1867. 

6.  Hydrographical  map  of  the  Potomac  river,  above  the  Long  bridge, 
showing  the  proposed  channel  and  dam  for  connecting  deep  water  at 
Georgetown  with  deep  water  at  the  Washington  wharves.  Channel  100 
feet  wide  and  12  feet  deep.  •  Also,  a  plan  for  connecting  the  12-feet  water- 
curves  in  the  Virginial  channel.  Hydrograi)hy  from  soundings  made  in 
1867,  and  reduced  to  mean  low  water. 

I  am,  general,  very  respectfully,  your  obedient  servant, 

N.  MICHLER, 
Major  of  Engineers^  BvL  Brig.  Oen.  U,  8.  A, 

Major  General  A.  A.  Humphreys, 

Chief  of  Engineers^  Headquarters  Corps  of  Engineers^ 

Washington^  D.  0. 
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Custom-house,  Georgetown^  D.  C,  May  16, 1^ 

Sir  :  The  custom  district  of  Georgetown  comprises  all  of  the  Di 
of  Columbia  and  the  Maryland  side  of  the  Potomac  river  for  30 
below  this,  and  to  the  headwaters  of  the  Potomac  on  the  Maryland 
The  tonnage  of  vessels  belonging  to  this  district  is  22,455.88 
The  number  of  vessels  entered  for  the  past  year,  373.  dumber  oi 
sels  cleared  for  the  same  time,  205. 

You  cannot  judge  of  the  amount  of  business  done  in  this  district 
the  number  of  vessels  entered  and  cleared,  for  vessels  in  the  coa 
trade  are  not  required  to  enter  or  clear  at  the  custom-house  unless 
have  foreign  goods  or  distilled  spirits  on  board.  I  suppose  there  j 
least  20  vessels  arriving  here,  which  do  not  enter  or  clear,  for  eacl 
that  has  to  do  so. 

Very  respectfully,  your  obedient  servant, 

JAMES  A.  MAGEUDER, 

Collec 
General  N.  Michler, 

In  charge  of  Public  Buildings^  Grounds^  and  WorlcH^ 

United  IStates  Capitol^  Washington^  D. .( 


^  » 
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APPENDIX  W. 

Annual  report  of  the^urvey  of  the  north  and  northwest  laJceSyfor  the  year 
ending  June  30,  1868 ;  Brevet  Brigadier  Oeneral  W.  F.  BaynoldSy  lieu- 
tenant  colonel  of  engineers^  in  charge. 

Office  United  States  Lake  Survey, 

Detroit^  September  15, 1868. 

General  :  I  have  the  honor  to  submit  this  my  annual  report  of  the 
oi>erations  of  the  survey  of  the  north  and  northwest  lakes  for  the  year 
ending  June  30, 1868. 

The  date  to  which  a  report  is  required  being  in  the  middle  of  the 
season  of  aetive  field  operations,  I  shall  follow  the  course  pursued  for  the 
past  two  years,  and  make  my  report  under  three  distinct  heads,  as  fol- 
lows: 

1.  The  field  of  operations  of  the  different  parties,  and  the  amount  of 
work  done  by  each  during  the  season  of  1867,  as  weU  as  the  office- work    ' 
of  the  same  parties  during  the  past  winter. 

2.  The  organizations  of  the  ditterent  parties  for  the  present  season, 
with  their  (fift'erent  fields  of  operations. 

3.  Give  a  brief  sketch  of  the  present  condition  of  the  survey,  with 
the  outline  of  a  progi'amme  for  its  continuance. 

On  the  1st  of  July,  1867,  the  several  parties  of  the  survey  were  at 
work  in  their  different  fields  of  operations,  having  sailed  from  this  city 
on  the  dates  specified  in  my  last  annual  report. 

Their  respective  duties  and  the  work  executed  by  each  were  as  fol- 
lows : 

Brevet  Lieutenant  Colonel  F.  U.  Farquhar,  captain  corps  of  engineers, 
was  in  charge  of  the  party  on  board  the  steamer  Search,  and  under 
instructions — 

l.To  make  the  offshore  soundings  in  Lake  Superior,  from  Grand 
island  eastward  as  far  as  praeticable,  or  until  he  met  the  work  of  Assist- 
ant O.  N.  Chaffee. 

2.  To  carry  supplies  to  three  shore  parties  between  Marquette  and  the 
St.  Mary's  river  5  to  move  their  camps,  &c. 

3.  To  make  reconnoissance,  to  determine  the  most  suitable  points  to 
be  occupied  by  the  astronomical  parties ;  to  locate  them  at  the  points 
selected ;  keep  them  supplied  with  provisions,  &c. 

4.  To  make  reconnoissance  for  points  of  primary  triangulation  in  the 
eastern  portion  of  the  lake. 

5.  The  survey  of  all  shoals  and  small  islands  beyond  the  reach  of 
small  boats. 

6.  To  have  a  general  super\dsion  of  all  the  parties  in  Lake  Superior, 
and  in  my  absence  to  give  such  instructions  as  would  secure  satisfactory 
results  from  their  work. 

In  the  discharge  of  these  duties  the  following  work  was  performed : 

Number  of  primary  triangulation  stations  built 3 

Number  of  sounding  stations  built 16 

Number  of  sextant  angles  read 110 

Number  of  theodolite  pointings 3, 880 

Number  of  theodolite  readings 7, 760 

Number  of  lines  sounded  with  steamer 97 

Number  of  miles  sounded  with  steamer 1, 081 

Number  of  casts  of  lead  "from  steamer 921 

Number  of  square  miles  of  off-shore  hydrograpliy Y^V^A: 
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^Number  of  barometer  readings  for  heights U 

Number  of  vertical  angles  for  heights 2 

Number  of  heights  measured 

Number  of  theodolite  pointings  for  primary  triangftlation ^ 

Number  of  theodolite  readings  for  primary  triangulation 3? 

Number  of  miles  run  by  steamer  on  general  duty 1,^' 

The  above  work  was  plotted  during  the  winter  on  1 J  sheets  of  ani 
quaiian  paper,  on  a  scale  of  one  one  hundred  and  twenty  thoasandtli 
embracing  420  square  inches  of  off-shore  hydrography. 

First  Lieutenant  James  F.  Gregory,  corps  of  engineers,  was  in  cbar 
of  the  party  on  board  the  steamer  Surveyor,  under  instructions— 

1.  To  take  off-shore  soundings  around  Isle  Koyale. 

2.  To  triangulate  the  channel  between  the  island  and  the  Canad 
shore  north  of  it. 

3.  The  survey  of  all  shoals  or  small  islands  beyond  the  rea<ch  of  shi 
parties;  and 

4.  To  afford  aid  to,  and  exercise  supervision  over,  the  shore  partie 
Isle  Roy^le,  similar  to  that  exercised  by  Colonel  Farquharover  tho» 
the  south  shore. 

On  the  15th  day  of  August  Lieutenant  James  Mercur,  corps  of  e 
neers,  having  been  relieved  from  duty  on  the  lake  survey,  Lieutei 
Gregory  was  placed  in  charge  of  the  astronomical  party,  and  Lieutei 
B.  D.  Greene  transferred  to  the  steamer  Surveyor. 

This  party  completed  the  survey  of  Passage  and  Gull  islands,  loc 
and  sounded  out  three  shoals,  and  discovered  and  surveyed  ano 
heretofore  unknown,  beside  finishing  about  one-half  of  the  off-s 
soundings  around  Isle  Royale. 

The  following  are  the  details  of  the  work  accomplished  by  them: 

1. — ^MINITTE  HYDROGRAPHY  AND  TOPOGRAPHY. 

Number  of  miles  of  shore-line  run 

Number  of  triangles  measured 

Number  of  sounding  stations  built : 

Number  of  buoys  put  out  and  located 

Number  of  lines  sounded  with  small  boats 1 

Number  of  casts  of  the  lead ^ 1, 4 

Number  of  miles  measured  with  stadia 

Number  of  vertical  angles  measured 

Number  of  compass  readings 

2. — OFF-SHORE  HYDROGRAPHY. 

Number  of  sounding  stations  built 

Number  of  lines  run 

Number  of  casts  of  the  lead 

Number  of  sextant  angles  read 

Number  of  theodolite  pointings I 

Number  of  theodolite  readings 2, 

The  inshore  work  was  plotted  during  the  pa^st  winter,  on  a  scale  of 
twenty-four  thousandths,  covering  one  sheet  of  antiquarian  paper, 
embra<^ing  23  square  inches  of  topography  and  hydrography. 

The  off-shore  hydrogiaphy  was  plotted  on  a  scrale  of  one  ninetj 
thousaudtlis,  and  c-ove^ted  one  antiquarian  sheet,  embracing  223  sqi 
inches. 

Assistant  O.'S .  CViaffie^  N^^^m  ^^\^^  <ii\5si^^^2e^  ^^O^^'ssdthe  steaJ 
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nder  instructions  to  take  up  the  primary  triangulation  of  Lake 
)r,  east  of  Keweenaw  Point,  and  push  it  forward  as  rapidly  as  pos- 
i  far  as  the  triangulation  could  be  carried  to  the  eastward.  HaV'. 
npleted  this  duty,  he  wa«  directed  to  commence  the  off-shore 
raphy  at  the  head  of  the  St.  Mary's  river,  and  continue  it  to  the 
est,  around  White  Fish  Point,  until  he  met  and  connected  with 
rk  of  Lieutenant  Colonel  Farquhar.  He  was  also  directed  to 
he  necessary  reconnoissance  and  triangulation  to  determine  the 
[  contour  of  the  Canadian  shore  south  of  White  Fish  Point, 
following  are  the  details  of  work  accomplished  during  the  season: 

ir  of  primary  triangulation  stations  built 3 

ir  of  theodolite  angles 131 

sr  of  theodolite  pointings 5, 999 

ir  of  miles  run  on  general  duty 3, 390 

days  were  spent  in  reconnoitering  for  a  new  position  for  station 
Huron  mountains. 

)er  for  two  additional  stations  was  prepared, 
duction  of  the  above  work  was  commenced,  chiefly  by  Assistant 
3haffee,  during  the  past  winter,  on  a  scale  of  one  three  hundred 
ndths ;  and  98  square  inches  of  hydrography  and  topography  was 
ted. 

idition  to  this  Assistant  Chaffee's  work  on  the  flats  of  Lake  St. 
i  summary  of  which  was  given  in  the  last  annual  report  of  the 
rvey.  was  plotted,  and  comprised  one  sheet  of  antiquarian  paper, 
ale  or  one  three  thousandths,  covering  an  area  of  84  square  inches, 
i  profiles  of  longitudinal  sections;  and  one  sheet  of  antiquarian 
on  a  scale  of  one  sixteen  thousandths,  embracing  350  square 
of  topography  and  150  square  inches  of  hydrography, 
i  Lieutenant  B.  D.  Greene,  corps  of  engineers,  was  in  charge  of  a 
larty,  charged  with  making  a  topographical  and  hydrographical 
of  the  south  side  of  Isle  Koyale,  including  the  numerous  islands 
rbors  adjacent  thereto,  commencing  at  the  most  eastern  point  of 
ind,  and  extending  westward  as  far  as  practicable, 
field  included  the  beautiful  bay  of  liock  Harbor,  over  fifteen 
)ng,  and  affording  perfect  protection  against  every  wind, 
he  23d  of  August  the  party  was  transferred  to  the  base  line  to 
prei)aring  it  for  measurement,  previous  to  which  date  the  fol- 
work  had  been  accomplished : 

T  of  secondary  triangulation  stations  built 108 

T  of  sounding  stations  built 173 

r  of  buoys  placed  out  and  located 54 

r  of  sextant  angles 8 

T  of  theodolite  pointings 4, 055 

r  of  theodolite  readings 5, 819 

v  of  lines  sounded  with  small  boats 797 

r  of  miles  sounded  with  small  boats 324 

r  of  casts  of  lead  from  small  boats 8, 701 

r  of  square  miles  of  inshore  hydrography 12  J 

r  of  miles  of  shore-line  run 71 

r  of  square  miles  of  topography 17 

r  of  vertical  angles  for  topography 158 

r  of  miles  run  with  stadia  for  topography 70 

T  of  secondary  base  lines  measured 2 

r  of  compass  bearings  for  magnetic  declination 50 

r  of  observations  for  true  meridian 2 
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This  work  was  plotted  during  the  winter  on  four  sheets  of  antiquarian 
paper  on  a  scale  of  one  sixteen  thousandths,  and  embraced  with  tiie 
St.  Clair  river  work,  the  details  of  which  were  given  in  my  last  aunnal 
report,  (which  was  also  plotted,)  425  square  inches  of  topography  and 
226  square  inches  of  hydrography. 

Assistant  A.  C.  Lamson  was  in  charge  of  a  topographical  and  hydro- 
graphical  party  on  Isle  JEloyale  under  instructions  to  survey  the  nortii 
side  of  the  island,  commencing  at  the  most  eastern  point  and  working 
to  the  westward  as  far  as  practicable. 

The  field  assigned  to  this  party  embraced  a  bold,  rocky  shore,  and 
numerous  small  islands  having  deep  passages  between  them  as  well  aa 
many  shoals  and  rocks,  which  required  careful  surveys  to  show  their 
extent  and  locality. 

On  the  23d  of  August  this  party  was  transferred  to  the  base  line  to 
assist  in  preparing  it  for  measurement. 

The  details  of  work  accomx>lished  previous  to  being  transferred  to  the 
base  line  are  as  follows : 

Number  of  secondary  tiiangulation  stations  built 150 

Number  of  sounding  stations  built 399 

Number  of  buoys  placed  out  and  located 52 

Number  of  theodolite  pointings 3, 900 

Number  of  theodolite  readings 5, 208 

Number  of  compass  bearings 39 

Number  of  observations  for  true  meridian 1 

Number  of  lines  sounded  with  small  boats 1, 236 

Number  of  miles  sounded  with  small  boats 443 

Number  of  casts  of  the  lead  from  small  boats 11, 779 

Number  of  square  miles  of  hydrography 17 

Number  of  miles  of  shore-line 75 

Number  of  square  miles  of  topography 30 

Number  of  vertical  angles  for  topography 101 

Number  of  miles  run  with  stadia  for  topography 5 

Number  of  secondary  base  lines  measured 2 

Number  of  angles  measured 31 

Which  was  plotted  on  two  sheets  of  antiquarian  paper  on  a  scale  of 
one  sixteen  thousandths,  and  embraced  251  squares  inches  of  topography 
and  258  square  inches  of  hydrography. 

Assistant  Henry  Gillman  was  in  charge  of  a  shore  party  on  the  south 
side  of  the  lake,  and  under  instructions  to  make  a  topographical  and 
hydrographical  survey,  commencing  at  Grand  island  and  continuing 
westward  until  his  work  joined  the  survey  of  Marquette  harbor  pre- 
\iously  made.  After  completing  this  work  he  was  instructed  to  continue 
to  the  westward  and  make  a  survey  for  the  improvement  of  the  Choco- 
late river  and  its  approaches,  in  accordance  with  instructions  received 
from  the  department.  This  was  accomplished  on  the  24th  of  August, 
when  the  party  was  transferred  to  the  base  line  to  assist  in  its  measure 
ment. 

The  following  are  the  detaDs  of  work  accomplished  by  assistant 
Gillman's  party  previous  to  being  transferred  to  the  base  line: 

Number  of  secondary  triangulations  stations  built 4 

Number  of  sounding  station  built 86 

Number  of  buoys  placed  out  and  located SS 

Number  of  sextant  angles 25 

Number  of  theodolite  pointings 2,342 

Number  oi  t\ieodo\i\fc  Yeadiuga 3,778 
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Number  of  compass  bearings  for  magnetic  declination 163 

Number  of  observations  for  true  meridian 4 

Number  of  lines  soundM  with  small  boats 705 

Number  of  miles  sounded  with  small  boats 684 

Number  of  casts  of  the  lead  with  small  boats 27,  743 

Number  of  square  miles  of  in-shore  hydrography 33^ 

Number  of  square  miles  of  toi)ography 34f 

Number  of  vertical  angles  for  topography 348 

Number  of  miles  run  with  stadia  for  topography 24| 

Number  of  miles  of  line  of  sight  opened 2 

Number  of  miles  of  shore-line  run 41 J 

Number  of  secondary  ba«e  lines  measured 1 

The  above  w^ork  was  plotted  on  three  sheets  on  a  scale  of  one  sixteen 
thousandths,  with  the  exception  of  the  Chocolate  river  survey,  which 
was  on  a  scale  of  one  four  thousandths ;  the  whole  embracing  440  square 
inches  of  topography  and  035  square  inches  of  hydrography. 

Assistant  J.  R.  Mayer  was  in  charge  of  a  shore  party,  and  under 
instructions  to  commence  work  at  Grand  island,  and  continue  to  the 
westward  until  his  work  joined  that  of  Assistant  Albert  Molitor. 

The  field  assigned  to  this  party  included  the  well  know^n  Picture 
Rocks,  which  were  supposed  to  afford  no  landing,  even  for  small  boats, 
for  many  miles,  but  which  were  found  to  be  much  less  formidable  than 
was  expected. 

Assistant  Mayer  returned  to  this  city  on  the  1st  of  October,  having 
performed  the  duty  assigned  him. 

The  following  are  the  details  of  work  accomplished : 

Number  of  sounding  stations  built 251 

Number  of  buoys  placed  and  located 159 

Number  of  theodolite  pointings 3, 084 

Number  of  theodolite  readings 3, 070 

Number  of  lines  of  soundings 1, 109 

Number  of  miles  of  soundings 875 

Number  of  casts  of  the  lead 29, 389 

Number  of  square  miles  of  hydrography 50J 

Number  of  square  miles  of  topography 21| 

Number  of  miles  run  with  stadia  for  topography 21^ 

Number  of  meridian  lines  observed 4 

Number  of  miles  of  shore-line  run 67J 

The  above  work  was  plotted  during  the  winter  on  a  scale  of  one 
sixteen  thousandths,  and  covered  five  sheets  of  antiquarian  paper,  em- 
braeing  866  square  inches  of  hydrography,  and  464  inches  of  topog- 
raphy. 

Assistant  Albert  Molitor  was  in  charge  of  a  shore  party,  and  under 
instructions  to  commence  his  surveys  at  the  most  northern  point  of  the 
surveys  heretofore  made  in  the  St.  Mary's  river  and  Yaquamenon  bay, 
and  continue  his  work  from  that  point  north  and  west  until  he  met  and 
closed  upon  the  work  of  Assistant  Mayer,  which  was  accomplished  before 
returning  from  the  field. 

The  following  are  the  details  of  work  pertbrmed  by  this  party : 

Number  of  secondary  triangulation  stations  built 66 

Number  of  sounding  stations  built 151 

Number  of  water  stations  built 1 

Number  of  buoys  plaeed  out  and  located 263 

Number  of  sextant  fingles 166 

Number  of  theodolite  pointings 4^^^ 
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Number  of  theodolite  readings 5,i 

dumber  of  compass  beariugs  for  magnetic  declination 20 

Number  of  observations  for  tine  meridian 3 

Number  of  lines  sounded  with  small  boat 1,401 

Number  of  miles  sounded  with  small  boat 951 

Number  of  casts  of  the  lead  from  small  boat 45,2110 

Number  of  square  miles  of  in  shore  hydrography 68 

Number  of  miles  of  shore-line 6«^ 

Number  of  square  miles  topography 90 

Number  of  vertical  angles  for  toi)ography 80 

Number  of  miles  run  with  stadia  for  toiwgraphy 41 

Number  of  secondary  base  lines  measured 2 

The  above  work  was  plotted  during  the  past  winter  on  a  scale  of  on«j 
sixteen  thousandths,  on  four  sheets  of  antiquarian  paper,  covering  1,H! 
square  inches  of  hydrograi)hy  and  1,451  square  inches  of  topography. 

ASTRONOMICAL  AND  PRIMARY  TRIANGULATION  PARTY. 

First  Lieutenant  James  Mercur  was  placed  in  charge  of  tbis  pj 
with  instructions  to  separate  it  into  three  divisions,  two  of  which  vei 
to  be  under  charge  of  Assistant  O.  B.  Wheeler  and  G.  Y.  W^isner;  ai 
to  station  their  divisions  at  the  apices  of  the  larger  triangles  of  tl 
l)rimary  triangulation,  and  to  determine  astronomically  the  positions 
those  points,  and  at  the  same  time  to  read  the  angles  for  the  triang, 
lation. 

The  instruments  with  which  they  were  furnished  for  the  last-name 
duty  were  those  named  in  my  last  annual  report  as  ha\ing  been 
rowed  from  the  Coast  Sui'vey. 

The  proposed  scheme  of  triangulation  over  a  large  portion  of  La 
Superior  dei)ended  upon  the  possibility  of  reading  the  angles  of  one  larj 
triangle  covering  that  portion  of  the  lake  lying  northeast  of  the  extremis 
of  Keweenaw  Point,  the  sides  of  it  being  92,  93,  and  101  miles  long, 
spectively.  I  have  already  reported  that  the  required  angles  were  m 
and  thus  the  ability  to  triangulate  the  lake  demonstrated. 

On  the  15th  of  August,  Lieutenant  Mercur  having  been  relieved 
duty  on  the  lake  survey.  Lieutenant  Gregory  was  assigned  to  the  col 
mand  of  the  astronomical  party,  and  continue^l  with  it  to  the  d<m 
the  season. 

During  the  latter  part  of  the  season  this  party  was  transferred  to 
south  shore  to  connect  the  work  done  in  Keweenaw  bay  with  that  in 
St.  Mary's  river. 

A  full  report  of  their  operations  will  be  found  herewith,  marki 
Appendix  — . 

The  following  is  a  brief  summary  of  work  performed : 

Number  of  astronomical  stations  occupied 

Number  of  stars  observed  for  local  time 1, 7f 

Number  of  stars  observed  for  latitude 2/ 

Number  of  theodolite  pointings  for  primary  triangulation 

Number  of  theodolite  readings  for  primiiry  triangulation 2,7' 

THE  DETER>nNATION  OF  THE  LENGTH  OF  THE  STANDARD-BAR  BELOI 
ING  TO  THE  LAKE-SURVEY  BASE-MEASURING  APPARATUS. 

The  measuring  apparatus  belonging  to  the  lake  survey  was  prooni 
in  1852,  aud\ia^\>^ii  wft^Ci  \\i  Wi^  measurement  of  all  base  hnes  sW 
that  (iat«. 
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Constant  use  has  made  an  almost  imperceptible  dent  in  the  ends  of 
the  standard  bar,  on  which  all  measurements  depend.  It  was,  therefore, 
deemed  advisable  to  have  agates  inserted  so  as  to  prevent  further  wear. 
This  rendered  a  redetermination  of  the  length  of  the  bar  necessary.  Its 
approximate  length  is  15  feet. 

Five  standard  brass  yards  were  procured  from  the  Office  of  Weights  and 
Measures,  and  the  duty  of  comparing  the  length  of  the  "  15-foot  bar'' 
yritli  these  standard  yards  w^as  intrusted  to  Brevet  Lieutenant  Colonel 
F.  U.  Farquhar,  whose  report  on  the  subject  will  be  found  herewith 
appended,  marked  Appendix  A. 

DESCRIPTION  OF  BASE  APPARATUS  AND  OF  THE  METHOD  OF  USING  IT. 

The  lake-survey  base  apparatus  was  made  by  Mr.  William  Wurde- 
mann,  of  Washington,  after  the  most  approved  pattern,  agreeing  in  all 
essential  particulars  in  construction  with  that  in  use  on  the  eo^ist  survey. 

A  partial  description  of  the  apparatus  (without  dra\^ings)  was  publishcMl 
by  Captain  T.  J.  Lee,  corps  of  topographical  engineers,  in  a  report  dated 
June  1,  1854. 

Belie\ing  that  a  more  minute  description,  with  drawings,  as  well  a« 
an  account  of  the  practical  method  of  using  it,  will  be  of  essential  ser- 
vice to  officers  of  the  corps,  as  well  as  others  who  may  hereafter  have 
occasion  to  make  careful  measurements  of  bases,  I  have  hiui  detailed 
drawings  of  the  apparatus  made  by  Assistant  E.  S.  Wheeler,  of  the  lake 
survey,  as  well  as  a  description  of  the  apparatus  and  the  mode  of  using 
it,  prepared,  which  is  herewith  submitted,  marked  Appendix  B. 

BASE  LINE. 

A  base  line  was  selected  in  the  fall  of  18C5  on  the  west  side  of  Kewee- 
naw bay,  south  of  Portage  entry,  and  during  the  following  winter  wa« 
cut  out  to  the  width  of  50  feet  throughout  its  entire  length  of  over  five 
miles. 

All  the  stumps  and  roots  were  removed  for  a  width  of  15  feet,  which 
width  was  also  plowed  to  prevent  the  unfavorable  effect  of  small  roots 
that  could  not  otherwise  be  got  rid  of,  and  the  whole  line  prepared  for 
measurement. 

UlK)n  the  1st  of  September,  1866,  Assistant  D.  F.  Henry  commenced 
the  measurement  of.  the  line,  but  the  season  being  unusually  rainy,  and 
arrangements  for  drainage  proving  incomplete,  it  was  found  impossible 
to  measure  more  than  284  tubes  before  the  close  of  the  season ;  and  the 
ground  was  so  unstable  a«  to  render  even  these  unreliable. 

During  the  latter  part  of  last  year  the  work  was  again  undertaken  by 
Assistant  Henry,  aided  by  a  strong  force  drawn  from  other  parts  of  the 
work,  as  has  been  stated,  and  successfully  accomplished* 

A  full  report  of  the  measurement  of  this  line  will  be  found  herewith, 
marked  Api)endix  C. 

OUTFLOW  OF  THE  LAKES. 

In  the  early  part  of  the  summer  two  small  parties  were-  organized  for 
the  purpose  of  determining  the  amount  of  water  flowing  through  the 
rivers  connecting  the  chain  of  lakes. 

One  of  these  parties  was  stationed  at  Sault  Ste.  Marie  on  the  St. 
Marie's  river,  and  the  other  on  the  St.  Clair  river  at  St..Clair — Assistant 
D.  F.  Henry  having  general  charge  of  both — Assistant  Lewis  Foote  being 
stationed  at  Sault  Ste.  Marie,  And  assistant  A.  R.  Flint  vxl  Sl*C\sivt% 
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On  the  12th  of  August  Assistant  Foot^  wa«  transferred  to  Fort  !Niaf- 
ara  on  the  Niagara  river,  and  Assistant  Flint  to  Ogdensburg,  on  the  St 
Lawrence. 

Assistant  Henry's  report  on  the  season's  work  will  be  found  here^iUi, 
marked  Appendix  D. 

These  observations  have  been  continued  during  the  present  season  and 
it  is  probable  that  one  or  two  additional  seasons  will  be  required  before 
arriving  at  entirely  satisfactory  results. 

METEOROLOGICAL  DEPARTMENT. 

Observations  have  been  carried  on  during  the  year  at  13  stations  on 
the  lakes,  as  usual,  this  being  the  eighth  year  since  they  were  com- 
menced. 

For  the  past  two  years  this  work  has  been  under  charge  of  Assistant 
D.  F.  Henry,  whose  annual  report  on  this  subject,  with  data,  &<5.,  will  be 
found  herewith,  marked  Appendix  E. 

OFFICE  WORK — REDUCTION  OF  MAPS  FOR  THE  ENGRAVER. 

During  the  year  two  reduced  maps  have  been  forwarded  to  the  bureau 
for  publication.  One  by  Assistant  J.  U.  Mueller,  on  a  scale  of  4o^i«» 
comprising  the  noith  end  of  Lake  Michigan,  including  the  Straits  of 
Mackinac  and  Green  Bay.  The  other  by  assistant  Edward  Molitor.  on 
a  scale  of  T-jAjnrj  ^^  ^^^  south  end  of  Green  Bay  from  Fox  river  a«  far 
north  as  the  Kock  island  entrance. 

Assistant  Mueller  is  now  engaged  upon  a  final  chart  of  Lake  Superior 
from  Grand  island  to  Ontonagon,  on  a  scale  of  joo^oo- 

During  the  winter  months  Lieutenant  L.  M.  Houpt,  corps  of  engineers, 
was  emx)loyed  in  reducing  a  map  of  Big  and  Little  Sturgeon  bays;  and 
Assistant  O.  N.  Chaftee  was  occupied  on  the  reduction  of  Huron  bay 
and  Huron  island.  Lake  Superior. 

It  is  proposed  to  resume  the  reduction  of  these  mai)s  as  soon  as  pos- 
sible, and  it  is  hoped  that  before  the  services  of  these  gentlemen  wiD 
again  be  required  in  the  field  they  will  be  ready  to  finish  these  maps, 
ready  for  the  engraver. 

REDUCTION  OF  MAPS  ON  STONE. 

On  the  14th  of  January  I  applied  to  headquarters  for  authority  to 
have  two  preliminary  maps  of  portions  of  Lake  Superior  engraved  on 
stone  in  this  office,  directly  from  the  field  maps,  in  order  to  disseminate 
the  information  obtained  by  the  survey  as  soon  as  possible,  by  antici- 
pating the  final  engraved  map. 

This  authority  was  granted  on  the  17th  of  the  same  month,  and  after 
some  delay  in  procuring  stones,  &c.,  the  first  map  of  the  south  shore  of 
the  lake  from  Grand  island  to  Ontonagon  was  commenced  by  Assistant 
Edward  Moiitor,  and  completed  July  24th,  when  it  was  sent  to  the 
printer,  and  an  impression  forwarded  to  headquarters  July  27th. 

The  distribution  of  this  map  has  already  commenced,  and  it  is  believed 
it  will  be  found  of  essential  service  until  the  final  completed  map  can  be 
produced. 

CHART  DISTRIBUTION. 

This  duty  has  been  carried  on  as  usual,  there  having  been  6,354  charts 
•distributed  during  the  year. 

A  ta\)Ti\ax  sta\fem^wl^  ^Q^^?\s\^\)Si^  \iNVK^^Y  \&^ued  of  each  kind  during 
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the  year,  and  also  the  total  number  issued,  will  be  found  herewith,  marked 
Appendix  F. 

An  examination  of  the  table  shows  that  the  demand  for  charts  is  con- 
stantly increasing,  proving  the  growing  appreciation  of  the  labors  of 
the  survey  by  those  interested  in  the  commerce  of  the  lakes. 

The  following  officers  of  the  corps  of  engineers  reported  for  duty  on 
the  lake  survey  on  the  dates  named,  and  were  at  once  assigned  to  the 
different  parties  on  Lake  Superior:  First  Lieutenant  John  C.  31allery, 
August  6, 1867  5  Second  Lieutenant  Lewis  M.  Haupt,  August  6,  1867 ; 
Second  Lieutenant  William  E.  Rogers,  September  7, 1867 ;  Second  Lieu- 
tenant Joseph  E.  Griffith,  September  16, 1867  5  First  Lieutenant  Ernest 
H.  Ruffner,  September  19, 1867. 

FIELD  OPERATIONS  FOR  THE  SEASON  OF  1868. 

The  following  programme  for  continuing  the  survey  during  the  season 
of  1868  wa«  submitted  by  me  on  the  6th  of  March,  and  approved  at 
headquarters  March  9 : 

1.  One  steamer  for  continuing  the  reconnoissance  for  primary"  triangu- 
lation  of  Lake  Superior  to  the  westward  as  far  as  practicable. 

2.  The  continuation  of  astronomical  observations  at  the  points  of 
primary  triangulation,  and  the  reading  the  angles  of  primjiry  trijingula- 
tion,  by  three  divisions  of  the  astronomical  and  primary  triangulation 
party. 

3.  The  completion  of  the  topographical  and  hydrographical  survey 
of  Isle  Royale,  requiring  two  shore  parties. 

4.  The  survey  of  the  north  shore  of  Lake  Superior,  from  Pigeon 
river  (the  boundary  between  the  United  States  and  the  British  posses- 
sions) westward,  to  join  the  survey  heretofore  made  from  the  head  of  the 
lake,  requiring  two  shore  parties. 

5.  One  steamer  to  continue  the  off-shore  hydrography  of  Lake  Supe- 
rior. 

6.  The  continuation  of  the  survey  of  the  south  shore  of  Lake  Supe- 
rior, from  the  vicinity  of  Ontouagan  westward  to  the  vicinity  of  Bay- 
field, requiring  one  shore  party. 

7.  Repeat  the  observations  for  determining  the  outflow  of  the  lakes, 
at  tliree  points,  one  in  each  of  the  rivers  St.  Clair,  Niagara  and  St. 
Lawrence.  Observations  to  be  continued  through  the  season.  For  this 
duty  three  small  parties  will  be  required. 

8.  One  party  on  board  a  steamer  to  complete  the  triangulation  of  the 
large  bay  south  of  White  Fish  Point,  and  the  necessarj^  hydrographical 
and  tojwgraphical  surveys  to  give  a  chart  of  that  locality. 

To  carry  out  this  programme,  the  different  parties  left  for  their  fields  of 
operation  in  the  following  order : 

On  the  16th  of  May  the  party  under  command  of  Second  Lieutenant 
Joseph  E.  Griffith,  corps  of  engineers,  left  for  Lake  Superior  on  the 
steamer  Keweenaw,  charged  with  the  duty  of  making  a  topographical 
and  hydrographical  survey  of  the  coast  west  of  Ontonagon. 

On  the  18th  of  the  same  month.  Brevet  Lieutenant  Colonel  F.  U.  Far- 
quhar,  captain  corps  of  engineers,  sailed  on  the  steamer  Ada,  having  on 
board  the  parties  of  Second  Lieutenant  William  E.  Eogers,  corps  of 
engineers,  and  Assistant  J.  K.  Mayers;  Colonel  Farquhar  being 
instructed  to  continue  the  recounoissance  for  primary  triangulation,  to 
the  westward  of  Ontonagon,  and  connect  the  off-shore  hydrography 
between  Eagle  river  and  former  surveys  at  theheatl  of  the  lake,  besides 
assisting  the  shore  parties  in  that  locality',  keeping  them  supplied  with 
provisions,  &c. 
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The  duty  assigned  to  Lieutenant  Rogers'  and  Assistant  Mayers'  par- 
ties, was  that  of  continuing  the  topographical  and  hydrographieal  sur- 
vey of  the  eoast,  from  Pigeon  river  to  the  west  end  of  the  lake ;  Lieu- 
tenant Rogers  commencing  at  the  former  point  and  Assistant  Mayers  at 
the  latter,  and  working  towards  each  other. 

On  the  same  day,  (18th  of  May,)  First  Lieutenant  James  F.  Gregoir, 
corps  of  engineers,  sailed  on  the  steamer  Search,  having  on  board  the 
parties  of  First  Lieutenant  B.  D.  Greene,  and  First  Lientenant  J.  C. 
Mallery,  corps  of  engineers ;  the  former  being  charged  with  the  duty  of 
continuing  the  off-shore  hydrography  around  Isle  Rojale,  &c.,  bringing 
supplies  to  the  parties  on  that  island,  &c. ;  the  two  latter  being  instructed 
to  complete  the  topographical  and  hydrographieal  survey  of  the  same 
island,  the  one  being  stationed  on  the  south  and  the  other  on  the  north 
side  of  the  island.. 

On  the  same  day.  Assistant  O.  N.  Chaffee  sailed  on  the  steamer  Sur- 
veyor for  duty  in  \\liite  Fish  bay,  with  instructions  to  complete  the 
triangulation  of  that  locality,  as  well  as  the  hydrographieal  and  topo- 
graphical surveys  necessary  to  give  a  chart  of  that  locality. 

The  three  small  parties  assigned  to  the  duty  of  gauging  the  outflow 
of  the  lakes,  left  this  city  for  their  respective  destinations  on  the  St, 
Clair,  the  Niagara  and  the  St.  Lawrence  rivers,  about  the  28th  of  May, 
all  under  charge  of  Assistant  D.  F.  Henry. 

The  large  instruments  ordered  from  Europe  not  having  arrived  up  to 
the  15th  of  June,  and  there  being  no  information  received  as  to  when 
they  would  be  shipi)ed,  the  original  programme  for  the  astronomical 
party  was  changed,  by  authority  from  headquarters,  from  duty  iu  Lake 
Superior  to  determining  the  latitude  and  difference  of  longitude  of  points 
on  the  lower  lakes,  between  this  city  and  Ogdeusburg,  New  York. 

This  party  left  this  city  on  the  25th  of  June,  Lieutenant  E.  H.  Eoff- 
ner,  corps  of  engineers,  in  charge;  Lieutenant  RulRier  first  occnpying 
the  station  at  Ogdeusburg,  Assistant  G.  Y.  Wisner  that  at  Watertown, 
New  York,  and  Assistant  O.  B.  Wheeler  that  at  Oswego;  their  instruc- 
tions being  to  occupy  in  succession  all  the  x)rominent  points  on  the  south 
shore  of  Lakes  Ontiirio  and  Erie. 

FUTURE  OPERATIONS. 

The  labors  of  the  different  parties  during  the  present  season  will  com- 
plete the  survey  of  Lake  Superior,  with  the  exception  of  the  priraary 
triangulation,  (which  has  been  delayed  owing  to  the  non-arrival  of  the 
instruments  ordered  for  the  purj^ose,)  and  a  portion  of  the  lake  in  the 
immediate  vicinity  of  Bayfield  and  La  Pointe,  comprising  about  eighty 
miles  of  the  south  shore,  and  the  Apostle  islands.  A  piirt  of  the  force 
will  be  able  to  complete  this  duty  during  the  coming  season. 

Two  fields  are  open  for  the  future  prosecution  of  the  8ur\'ey.  Both 
are  important,  and  should  be  surveyed  at  the  earliest  i)racticable 
period. 

The  first  is  the  southern  portion  of  Lake  Michigan,  from  Two  Rivers 
on  the  west,  around  by  Milwaukee,  Chicago,  Michigan  City  and  the  east- 
ern shore  to  Little  Point  Au  Sable,  on  the  east;  all  north  of  these  points 
having  been  heretofore  surveyed. 

The  chief  interest  which  attaches  to  thisfield  is  the  number  of  irajwrt- 
ant  cities  and  towns  that  it  embraces.  But  there  have  been  local  siu*- 
veys  of  nearly  all  these  points,  thus  in  a  measure  supplying  the  ^e<lm^^ 
ments  of  a  general  survey. 

The  second  fte\A  \^  \\s.^i  of  Lake  Ontario,  and  the  St^  Lawrence  river 

^'far  as  the  uoit\iei\i  X^ouvLv^ax-^  q1  \3!Cife^\aXfc  ^H5.<k^  York. 
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This  field  is  little  known.  That  portion  of  it  near  the  outlet  of  the 
lake  is  filled  with  numerous  islands,  rocks,  and  shoals,  all  of  which 
should  be  carefully  surveyed  and  plotted  for  the  benefit  of  commerce. 

I  am  decidedly  of  the  opinion  that  it  is  the  true  policy  for  the  suivey 
of  this  locality  to  be  commenced  as  «oon  as  practicable,  and  prosecuted 
vigorously  until  every  danger  to  navigation  shall  be  known. 

I  would  therefore  recommend  that  so  much  of  the  force  as  may  not  be 
required  in  Lake  Superior  next  season  should  be  detailed  to  commence 
the  survey  of  Lake  Ontario  at  its  eastern  extremity,  and  work  from  that 
point  down  the  St.  Lawrence  to  the  Canadian  line. 

Respectfully  submitted. 

W.  F.  RAYNOLDS, 
Lieut  Col.  of  Engineers,  Brevet  Brig,  Gen. 


Estimate  for  continuing  the  survey  of  the  nortJi  and  northwest  lakes,  inelitd- 
ing  Lake  Superior,  for  the  fiscal  year  to  commence  July  1, 1869,  and  end 
June  30,  1870,  on  tlie  same  scale  and  with  a  similar  organization  to  that 
at  present  employed. 

For  three  parties  for  hydrographical  duty,  general  triangulation,  recon- 
uoissance,  &c.,  one  for  each  of  the  lake  survey  steamers  Search,  Surveyor, 
and  Ada,  the  cost  of  each  party  will  be  as  follows,  viz: 

1  assistant,  183  days,  at  $4  80  per  day $880  40 

1  assistant,  183  days,  at  $3  60  per  day ....  HoS  80 

1  assistant,  183  days,  at  $3  per  day 549  00 

1  rexjorder,  183  days,  at  $1  25  per  day 228  75 

1  sailing  master,  365  days,  at  $2  75  per  day  1, 203  75 

1  mate,  6  months,  at  $60  per  month 366  00 

1  steam  engineer,  365  days,  at  $2  50  x)er  day  912  50 

1  assistant  engineer,  183  days,  at  $2  per  day  366  00 

1  carpenter,  183  days,  at  $2  per  day 366  00 

1  steward,  183  days,  at  $1  50  per  day 274  50 

1  cook,  183  days,  at  $1  50  per  day 274  50 

1  second  cook,  183  days,  at  $1  per  day 183  00 

4  firemen,  183  days,  at  $1  25  per  day 915  00 

14  seamen,  183  days,  at  90  cents  per  day. . .  2, 305  80 
Subsistence  for  the  above  30  persons,  183 

days,  at  50  cents  each  per  day 2, 745  00 

450  tens  coal,  at  $8  per  ton,  (for  fuel) 3, 600  00 

Total  for  one  hydrographical  party. .       15, 629  00 
For  three  parties $46, 887  00 

For  three  astronomical,  magnetic,  and  pri- 
mary triangulation  parties  as  follows: 

1  assistant,  183  days,  at  $4  80  per  day 880  40 

1  assistant,  183  days,  at  $2  50  per  day 457  50 

1  cook,  150  days,  at  $1  50  per  day 225  00 

5  men  for  boats'  crews  and  laborers,  150  days, 

at  80  cents  per  day 600  00 

Transportation  of  parties,  provisions,  camp 

equipage,  &c.,  to  and  from  the  field,  at  $250  500  00 

Subsistence  of  8  men,  150  days,  at  50  cents 

per  day 600  00 

Total  for  one  party 3,262  90 

For  three  parties ^.'l^'^  "V^ 
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For  five  toiwgraphical  and  hydrographical 

parties  to  survey  shore  line  and  adjacent 

topograpliy  and  liydrography,  the  cost 

of  each  party  will  be  as  follows: 

1  assistant,  183  days,  at  $4  80  per  day $880  40 

1  assistant,  183  days,  at  $3  60  per  day 658  80 

1  recorder,  183  days,  at  $1  50  per  day 274  50 

1  foreman,  165  days,  at  $1  40  per  day 231  00 

1  steward,  165  days,  at  $1  40  per  day 231  00 

1  cook,  165  days,  at  $1  40  per  day 231  00 

1  waiter,  165  days,  at  $1  per  day 165  00 

2  leadsmen,  165  days,  at  90  cents  per  day. .  297  00 
2  chainmen,  165  days,  at  80  cents  per  day . .  264  00 
14  boatmen,  165  days,  at  70  cents  per  day. .  1, 617  00 
Subsistence  of  above  25  persons  for  165  days, 

at  50  cents  each  per  day 2, 062  50 

Expenses  in  purchase  of  tools,  buoy  flags, 
roi>e,  lead,  lead  lines,  materials  for  sta- 
tions, camp  and  mess  equipage,  &c 600  00 

Transportation  of  25  men  to  and  from  the 

field,  at  $20 1, 000  00 

Expenses  of  moving  provisions,  camp  equi- 
page, &c.,  each  way  $250 500  00 

Total  for  one  party ^ 9, 012  20 

For  five  parties $845,06 

For  three  parties  for  gauging  the  outflow 
of  rivers,  the  expense  of  each  will  be  as 
follows: 
1  assistant,  183  days,  at  $3  50  per  day 640  50 

1  assistant,  183  days,  at  $2  per  day 366  00 

6  men,  165  days,  at  $2  per  dav,  (including 

board) !^ 1, 980  00 

Board  of  2  assistants,  165  days,  at  $1  per  day  330  00 

Transportation  to  and  from  the  field *.  300  00 

Total  for  one  party. 3, 616  50 

For  three  parties « .  10, 84 

Office  and  miscellaneous  expenses: 

Office  rent  and  fuel  for  one  year 1, 800  00 

Pay  of  two  draughtsmen  for  reducing  maps 

for  engraving,  one  year  of  365  days,  at 

$5  30  each  per  day 3, 869  00 

4  assistants  chiefs  of  paities,  182  days,  at 

$5  30  per  day 3, 858  40 

2  assistants  chiefs  of  parties,  182  davs,  at 

$4  70  per  day \....        1,  710  80 

2  assistants  chiefs  of  parties,  182  days,  at 

$4  10  per  day 1, 492  40 

1  accountant,  365  days,  at  $4  10  per  day. .  1, 496  40 

1  accountant,  365  days,  at  $3  50  per  day . .  1, 277  50 

6  assistants,  182  days,  at  $3  50  per  day 3, 822  00 

1  assistant,  182  days,  at  $2  90  per  day 527  80 

3  copyists  vuiAietotAei^^iVJio  vki^'%^at  $2  50 

perday V^:^"  ^ 
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1  office  servant,  365  days,  at  $1  50  per  day.  $547  50 

3  steamers  iu  oixlinary,  at  $1,000  each 3, 000  00 

Commutation  of  fuel  and  quarters  for  nine 
officers  of  the  corps  of  engineers 5, 000  00 

Traveling  expenses  of  officers  and  assistants 

while  attending  to  the  duties  of  the  survey  750  00 

Expenses  in  office,  drawing  paper  and  mate- 
rials, stationery,  nautical  almanacs,  &c..  600  00 

Exi)ense8  of  meteorological  and  tide  gauge 

observers  for  one  year 4, 000  00 

Total  estimate  for  office  and  miscella- 
neous exi>enses $36, 489  40 

Add  10  per  cent,  to  cover  contingent  and 
other  expenses,  such  as  purchase  of  tools, 
boats,  camp  equipage,  &c 14, 907  56 

Total  estimate 163, 983  16 

Itesi)ectfully  submitted. 

W.  F.  EAYNOLDS, 
Ideut  CoL  Engineers  and  BvU  Brig.  Oen,  U.  8.  A. 

Brigadier  General  A.  A.  Humphreys, 

Chief  of  Engineers  U.  S.A.,  Washingtonj  2>.  C. 


W  a. 

REPORT  ON  THE  SURVEY  OF  THE  NORTHERN  AND  NORTHWESTERN 

.   LAKEfij. 

Report  of  Brevet  Lieutenant  Colonel  Farquhar^  captain  corps  of  engineers^ 
upon  the  determination  of  tlie  length  of  the  standard  bar  of  tlie  lake  survey 
base  measuring  apparatus. 

United  States  Lake  Survey  Office, 

Detroit,  May  11,  1868. 

Sir:  I  have  the  honor  to  report  that  in  accordance  with  your  instruc- 
tions I  have  made  the  necessary  comparisons  for  determining  the  length 
of  the  standard  bar  belonging  to  the  United  States  lake  survey.  For 
determining  the  absolute  length  at  a  temperature  of  62o  Fahrenheit, 
there  were  furnished  five  yards,  whose  absolute  lengths  at  the  same  tem- 
perature had  been  determined  in  Washington  to  be  respectively  as  fol- 
lows: No.  1=36  inches — jwo^j  No.  2=36  inches  -f^^^^j^;  No.  3=36 
inches  +  jt^^;  No.  4=36  mche« — sohruj  No.5=exact  yard.  Total= 
179.99995  inches. 

In  making  the  comparisons,  (as  will  be  seen  by  the  tabulated  result,) 
the  order  of  the  yards  was  changed  three  times.  From  previous  experi- 
ments, conducted  by  Assistant  Henry,  it  was  thought  that  the  best  results 
would  obtain  from  suspending  the  bar  and  yards  in  the  oil,  instead  of 
supporting  them  on  rollers  in  the  box,  owing  to  the  warping  or  twisting 
of  the  box ;  but  it  was  found  that  the  height  of  the  supporting  pins  gave 
rise  to  vibrations,  which  the  suspending  device  served  to  increase  to  such 
an  extent  as  to  vibrate  the  work.  So,  after  strengthening  and  stiflfening 
the  box  with  struts,  I  did  away  with  the  suspending  system  and  sup- 
ported the  bar  and  yards  on  rollers.    (See  accompanying  tracmg.\ 

All  eflforts  to  obtain  good  results  by  using  a  butt  pieefe  ow  Wkft  \?vs:t  ^sssl^ 
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the  comparator  on  the  other  failed,  for  it  was  impossible  to  make 
same  coutact  twice,  that  is  to  say,  in  making  a  contact  between  the 
and  butt  piece  there  is  a  certain  pressure.  Xo w  on  breaking  the  cent 
and  shifting  the  box  so  as  to  make  a  contact  with  the  yard  and  t 
piece  there  results  a  different  pressure.  Again,  the  contact  being  m 
and  the  temperature  being  raised,  the  bar  expands  and  a  greater  pre« 
against  the  butt  piece  results,  and  a  movement  of  the  butt  piece  pin  U 
place. 

This  may  appear  trivial,  but  when  it  is  remembered  that  we  are  ( 
ing  with  instruments  that  are  supposed  to  measure  (a  movement 
— .00001  of  an  inch,  and  that  we  found  a  movement  resulting  from 
consecutive  contacts  of  more  than  — .0001  of  an  inch,  the  importan 
these  remarks  will  be  seen.  Of  course,  had  the  pins  been  lower  and 
massive  such  movement  woidd  have  been  lessened.  On  account  o 
these  troubles  a  second  comparator  was  borrowed  and  placed  on  the 
piece  pin.  The  lake  survey  comparator  measured  decimal  parts  ol 
inch,  while  the  borrowed  companitor  measured  equal  parts  of  some  • 
unit.  It  tlierefore  became  necessary,  in  reducing  our  obse^^'atiol 
determine  the  value  of  a  division  of  the  second  comparator  in  ter 
aninch.  Thiswasdone  by  measuring  parts  of  the  scale  of  one  compa 
on  different  portions  of  the  other  scale.  A  mean  of  152  observa 
showed  that  100  divisions  of  the  lake  survey  comparator's  scale 
equal  to  92.01  divisions  of  the  coast  survey  comparator.  It  may  h€ 
remarked  that  although  a  change  in  length  of  the  bar  of  .00001 
inch  made  a  perceptible  movement  in  the  bubble  of  the  comparato 
a  change  of  .00009  of  an  inch  might  be  registered  .00008  of  an  inch,  .00 
an  inch,  .00010  of  an  inch,  .00011  of  an  inch.  After  passing  the  .0001 
of  an  inch  it  may  well  be  doubted  if  the  mechanism  of  BesseFs  com 
tor  will  accurately  measure  any  smaller  sub-division,  although  any  i 
ment  of  the  quill  through  a  smaller  space  will  be  shown  by  a  move 
of  the  comparator  bubble.  The  following.table  gives  the  residts  c 
comparisons  after  jiroper  reduction : 


Date. 

®  § 

Mean  result 
for  each  day. 

Probable  error  of 
single   obeerva- 
tloo. 

Probable  f 
day*!     ol 
tion. 

1668. 
March? 

10 

15 

5 

Iiickef. 

.00162 
.00175 
.0U176 

Incke*. 

.000092 

.000095 
.000066 

.000071 
.0(J0096 
.000112 
.  CMI0093 
.000188 
.OO0U63 
.00U093 

.000091 
.000188 

.000016 

2nek« 

March  9 

March  10 

Plrrt  order  of  yardi 

30 

.00169 

MarehlS 

8 
23 
17 
15 
18 
12 
27 

.00192 
.00205 
.00195 
.00187 
.00179 
.00166 
.00195 

March  13 

Marchl4 

March  16 

March  17 

MarchlS 

March  19 

Second  order 

120 

.00191 

March23 

24 

18 

.00113 
.00109 

MarchS4 

Third  order 

42 

.00111 

Pinal  remit 

198. 

.00l71i 

longer  than 

Jnehet. 
^Vl^.^KK^^   <^See  above.) 
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Throughout  the  comparisons  I  was  assisted  by  Lieutenant  J.  E.  GriflBth 
and  Assistant  E.  S.  Wheeler,  and  the  entire  reduction  was  performed 
by  them. 

The  accompanying  sketch  (showing  plan,  side,  and  elevations  and 
cross-section)  fully  shows  the  whole  apparatus  used  in  the  comparisons. 
The  ends  of  the  yards  were  held  together  by  strong  spiral  springs  attached 
to  the  yards  by  clamps.  The  heating  apparatus  was  simple  and  very 
effective.  The  temperature  of  the  oil  could  be  raised  from  32°  Fahren- 
heit to  90O  Fahrenheit  in  four  hours.  When  there  wa«  any  great  differ- 
ence between  the  temperature  of  the  room  and  the  oil,  the  conducting 
properties  of  the  metal  scales  of  the  thermometers  affected  the  tempera- 
ture of  the  oil  about  the  bidbs.  To  obviate  as  near  as  possible  any  error 
arising  from  this  source,  the  room  was  kept  as  near  as  possible  at  the 
same  temperature  with  the  oil,  especially  at  the  standard  temperature 
of  620  Fahrenheit. 

I  have  the  honor  to  be,  very  respectfully,  your  obedient  servant, 

F.  U.  FARQUHAR, 
Capt  U.  S.  Engineers  and  Bvt  Lieut  Col.  U,  S.  A, 

Brevet  Brig.  Gen.  W.  F.  Raynolds, 

In  charge  of  United  States  Lalce  Survey. 


W  b. 

Heport  on  the  survey  of  the  northern  and  northicestem  lakes.    Description 
of  the  base-measuring  apparatus  and  metliod  of  using  it. 

A  base  line  upon  which  an  extended  system  of  triangulation  depends 
should  be  measured  with  greater  accuracy  than  can  be  obtained  with 
ordinary  means. 

The  chief  errors  in  such  measurements  result  from  a  change  of  length 
in  the  measuring  apparatus  due  to  a  change  of  temperature ;  from  the 
inclination  of  the  measured  line  to  the  horizon ;  and  from  the  shocks 
which  result  from  bringing  one  part  of  the  apparatus  in  contact  with 
another. 

To  reduce  these  errors.  Professor  A.  D.  Bache,  of  the  Coast  Survey, 
suggested  an  apparatus  which  would  remain  at  a  constant  length  during 
any  change  of  temjierature,  which  would  indicate,  to  a  single  second, 
the  inclination  of  the  measured  line  to  the  horizon,  and  the  two  parts  of 
which  coidd  be  brought  in  contact  with  an  imperceptible  shock. 

A  similar  one  made  for  the  United  States  lake-survey  \ull  be  here 
described.  The  main  features  are  two  tin  tubes,  10  inches  in  diameter, 
and  14^  feet  long.  Each  is  supported  upon  two  trestles,  so  that  they 
can  be  lowered  and  raised,  moved  backwards  and  forwards,  or  to  the 
right  and  left,  with  great  facility.  In  each  tube  are  two  bars,  of  differ- 
ent metals,  so  arranged  that  their  unequal  expansion  keeps  two  agate 
points  at  a  constant  distance  from  each  other.  From  each  end  of  the 
tubes  project  small  steel  rods,  iwinted  with  agates,  which,  in  measuring, 
are  the  points  of  contact  between  the  two  tubes.  The  length  of  these 
tubes  is  known.  In  use  they  are  placed  end  to  end  upon  the  line  to  be 
measured,  the  two  agates  touching  each  other.  The  forward  one  is  left 
standing,  while  the  rear  one  is  carried  forward,  and  the  agates  again 
brought  together.  This  is  continued  until  the  whole  line  is  measured, 
when  the  whole  number  of  tubes  is  multiplied  by  the  length  of  one  tube, 
which  gives  the  whole  length  of  the  line. 
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Such  is  the  outliue.  The  details  will  now  be  given,  beginning  ^ 
the  compensating  part,  which  consists  of  two  bars,  A  and  B,  figon 
A  is  iron,  and  B  brass.  Their  length  is  about  14  feet ;  their  other  dim 
sions  are  shown  in  figure  6.  Their  cross  sections  differ ;  their  relat 
area  and  perimeter  were  determined  by  ProfessorBache,  Avho,  "by  nu 
rous  experiments  in  1845  and  184G,  so  arranged  them  that  the  two  fc 
might  have  equal  absorbing  surfaces,  while  their  masses  were  inven 
a«  their  specific  heats,  allowance  being  made  for  their  different  condi 
ing  powers.  Thus  while  each  receives  the  same  accession  of  heat  i 
given  time,  the  temperature  of  the  two  will  continue  equal.  The  si 
varnish  on  both  surfaces  gives  them  equal  absorbent  powers." 

The  bars  are  placed  edge  to  edge,  the  u'on  above  the  brass,  with  ab 
one-third  of  an  inch  between  them.  They  are  kept  in  place  by  an  i 
frame- work  and  butting  screws,  a  section  of  which  is  shown  at  A,  fig 
6.  The  brass  bar  rests  on  small  steel  rollers,  as  shown  at  F,  figur 
which  keeps  it  straight,  and  allows  it  to  move  backwards  and  forwa 
easily.  There  are  also  similar  rollers  placed  between  the  bars  to  k 
them  parallel.  At  one  end  they  are  firmly  fastened  together  by  be 
bolted  to  a  butt-piece  of  steel,  shown  at  A,  figure  2.  At  the  other  • 
is  the  compensating  lever,  shown  at  C,  figure  1.  A  projecting  ku 
edge,  D,  presses  against  a  plate  of  hardened  steel  attached  to  the  i 
bar.  The  spiral  spring  E  keeps  the  lever  in  place.  F  is  a  steel  i 
which  slides  easily  in  its  supports,  PP.  The  exj^ansion  of  the  iron 
pushes  it  forward,  but  the  greater  expansion  of  the  brass  bar  at 
same  time  draws  it  backwards  an  amount  sufficient  to  compensate 
the  increased  length  of  the  bars. 

When  not  in  use  the  lever  is  pushed  forward  so  that  the  knife  edg 
clear  from  the  steel  plate  and  kept  in  that  position  by  a  block  insei 
between  P  and  O.    To  compute  the  length  D  H  when  I  D  is  given- 
Let  1=1  D. 

Let  a = expansion  of  brass  bar. 
Let  &=expan8ion  of  iron  bar. 
Let  a?=D  H. 

The  expansion  of  the  brass  bar  will  draw  the  rod  back  a  distanc 

X 

The  expansion  of  the  iron  bar  will  push  it  forward  a  di8tance=— - 

but  these  two  must  be  equal  if  the  bars  are  compensating,  hence 
aj:=bx+hl 

from  whence  x= — -r=D  H. 

a — b 

This  value  was  obtained  for  the  first  tube  by  trial.    The  second 
was  then  made  exactly  like  the  first,  but  did  not  prove  to  be  compel 
ting,  probably  owing  t<)  the  different  densities  and  consequent  diffei 
rates  of  expansion  of  the  bars. 

The  value  of  D  H  for  the  second  tube  was  finally  determined  by  ex] 
iments. 

K,  Fig.  1,  is  an  agate  with  a  plain  polished  surface  upon  which  ( 
tact  with  the  forward  tube  is  made.  There  is  also  shown  a  sectioi 
the  cap  which  protects  this  agate  when  not  in  use. 

The  compensating  apparatus  is  surrounded  by  three  concentric  tul 

The  out^T  aud  middle  ones  shown  at  L  are  of  tin,  with  a  »i^ce 
three-fourttis  ol  a\i\\\c\i^i^\;^^^\iV\v<Kvs^^  forming  a  partial  non-couduc 
of  beat  ^liicVi  teuA^  \)0  ^^^\>  ^\\^  X^\sx^^w2tox^  V\>0«v\^.^^^^^  The  im 

one  sbown  at  IS  \a  m^^  ol  \ioV^^Y  Vtovi,  ^\A  ^n^'^  ^Xx^^^'^'^^^  ^\^< 
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to  the  whole  tube.    The  manner  in  which  the  compensating  apparatus 
is  fixed  in  this  tube  is  shown  in  Fig.  6. 

At  the  other  end  of  the  tube  is  the  contact  level,  an  ingenious  contri- 
vance which  enables  the  ends  of  the  two  tubes  to  be  brought  together 
without  a  perceptible  shock. 

E,  Fig.  2,  is  a  Bessel  level  turning  about  the  pivot  E.  The  right-hand 
end  is  loaded  so  that  it  will  drop  down  if  not  supported. 

D  is  a  steel  rod  supported  by  the  pieces  B  C  and  H  F,  which  allow  it 
to  move  backwards  and  fon\' ards,  but  keep  it  constantly  parallel  to  the 
brass  bai'  and  it«  first  position. 

Its  right  hand  end  is  hard  and  i>ointed  and  presses  against  I,  which  is 
a  piece  of  polished  steel  made  concave  with  a  radius  equal  to  B  I.  I  is 
attached  to  the  lever  K,  which  presses  against  an  arm  of  the  contact 
level  as  shown  in  the  figure. 

If  there  is  no  pressure  on  the  left-hand  end  of  the  rod  the  heavy 
end  of  the  contact  level  will  drop,  pushing  the  lever  and  the  rod  for- 
ward. 

If  in  this  position  the  ends  of  the  two  tubes  be  brought  together  and 
the  forward  one  pushed  slowly  towards  the  rear  one,  the  rod  will  exert 
but  a  very  slight  pressure  on  the  rear  tube,  but  will  move  to  the  right, 
bringing  the  contact  level  to  a  horizontal  position.  When  this  is  done 
the  tubes  are  said  to  be  "tw  contact. ^^ 

The  agate  L  at  this  end  of  the  tube  is  ground  to  a  knife  edge  and  is 
brought  in  contact  with  the  agate  of  plain  surface  on  the  rear  tube. 

When  not  in  use  the  agate  is  protected  by  a  cap,  a  section  of  which 
is  shown  in  the  figure,  and  the  loaded  end  of  the  contact  level  is  pressed 
down  upon  a  bimch  of  cotton  and  kept  in  that  position  by  means  of  the 
screw  shown  at  P. 

The  sector  level  determines  the  angle  which  the  tube  makes  with  the 
horizon.  It  is  shown  at  M.  It  turns  freely  in  a  vertical  plane  around 
the  lioint  B.  V  is  an  arc  of  a  circle  graduated  to  10  minutes,  and  read- 
ing to  10  degrees  each  side  of  the  zero  point.  The  vernier  plate  in  the 
figure  is  removed  to  show  the  works  behind  it,  but  the  dotted  lines  show 
its  position.  S  is  a  micrometer  headed  screw  with  a  reel  thread  turning 
in  the  cogged  edge  of  the  graduated  limb,  giving  it  its  vertical  motion. 
A  revolution  of  the  screw  moves  the  graduated  circle  over  10  minutes. 

The  micrometer  head  is  divided  and  estimated  into  600  equal  parts, 
therefore  each  part  represents  a  second.  Tliese  graduations  are  num- 
bered in  two  places,  one  reading  to  the  right  and  the  other  to  the  left. 
The  former  is  used  when  the  zero  of  the  limb  is  alK>ve,  and  the  latter 
when  it  is  below  the  zero  of  the  vernier. 

The  degree  and  even  10  minutes  are  read  from  the  graduated  limb ;  the 
remaining  minutes  and  seconds  are  read  in  seconds  from  the  micrometer 
head,  and  afterwards  reduced  to  minutes  and  seconds. 

The  screw  is  pressed  against  the  limb  by  a  spring  shown  at  O.  T  T 
are  capstan  headed  adjusting  screws  which  move  the  level  through  a 
small  arc  independently  of  the  graduated  limb. 

A  slow  longitudinal  motion  is  communicated  to  the  bars  by  the  screw 
shown  at  N. 

It  is  with  this  screw  that  the  final  delicate  operation  of  "  making  the 
contact"  is  performed. 

The  nut  in  which  it  turns  is  connexited  with  a  point  directly  over  the 
rear  trestle  by  a  compensating  apparatus  shown  in  the  figure. 

This  apparatus  is  made  much  shorter  in  the  drawing  than  it  really  is 
in  order  to  show  both  ends  of  it,  and  also  the  spiral  spring  Q,  which  is 
int^euded  to  prevent  back  lash  in  the  contact  screw. 
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Each  tube  is  supported  upon  two  trestles.  The  forward  one  has  two 
legs,  and  the  rear  one  three. 

A  side  view  of  them  is  given  in  Figs.  3  and  4. 

These  trestles  are  capable  of  communicating  vertical,  lateral,  and  lon- 
gitudinal motions  to  the  tubes.  They  are  also  so  airanged  as  to  pro- 
duce the  vertical  and  longitudinal  motions  in  two  ways;  one  called  the 
rapid  and  the  other  the  slow  motion.  The  former  used  in  bringing  the 
tubes  nearly  into  position,  while  the  last  delicate  movements  are  made 
by  the  latter.  The  manner  of  producing  these  motions  will  now  be 
given  in  detail,  beginning  with  the  rapid  vertical  motion  of  the  rear 
trestles.  This  is  effected  by  a  rack  and  pinion  shown  at  O,  Fig.  5,  which 
moves  the  cylinder  A  (and  with  it  the  tube)  up  and  down  in  the  hollow 
cylinder  E,  shown  in  section.  The  rapid  vertical  motion  of  the  forward 
trestles  is  effected  in  a  similar  manner. 

It  will  be  seen  by  reference  to  the  figure  that  the  cylinder  A  is  hollow 
at  the  upper  end,  and  another  cylinder  C  D  is  screwed  into  it.  If  C  D 
be  revolved  the  action  of  the  screw  will  produce  a  vertical  motion.  This 
is  called  the  "  slow  vertical  motion.'' 

The  method  of  revolving  the  cylinder  C  D  is  best  seen  in  Pig.  4.  A 
is  a  rod  convenient  to  the  hand  of  the  operator  and  connected  by  the 
universal  joint  F  to  the  small  bevel  wheel  C,  which  works  in  the  large 
bevel  wheel  E,  and  thus  communicates  a  slow  rotary  motion  to  D. 

The  slow  vertical  motion  in  the  forward  trestles  is  similar. 

The  rapid  longitudinal  motion  is  effected  by  the  screw  H,  Fig.  4,  which 
moves  the  plate  I,  and  with  it  the  tube  backward  and  forward  through  a 
small  space.  This  plate  slides  upon  another  plate,  K,  and  is  kept  iu 
position  by  two  tongues  which  slide  in  grooves  made  in  the  edges  of  the 
lower  plate  as  shown  at  K,  Fig.  4,  and  N,  Fig.  5. 

The  forward  trestle  has  no  longitudinal  motion  of  its  own,  but  incUnes 
backward  and  forward  as  the  tube  is  moved.  The  slow  longitudinal 
motion  is  not  effected  by  the  trestles,  and  has  been  previously  described. 

The  lateral  movement  is  effected  by  the  screw  I,  Fig.  5,  which  moves 
the  plate  D  to  the  right  and  left  on  the  bed-piece  M,  to  which  it  is 
attached  by  a  tongue  and  groove  as  before  described.  For  the  conveni- 
ence of  the  operator  the  rod  B,  Fig.  4,  which  turns  the  screw  I,  passed 
back  to  the  rear  end  of  the  tube.  To  do  so  it  has  to  turn  a  right  angle. 
This  is  accomplished  by  having  a  portion  of  the  rod  a  spiral  spring  shown 
at  H,  Fig.  5,  and  L,  Fig.  4. 

This  spring  is  bent , into  a  quarter  of  a  circle,  so  changing  the  direction 
of  the  rod  90  degrees. 

The  lateral  movement  of  the  forward  trestle  is  the  same  as  that  of  the 
rear  one,  except  the  screw  is  turned  by  a  crank  shown  at  B,  Fig.  3, 
instead  of  a  rod. 

Fig.  11  is  a  horizontal  projection  of  the  cast-iron  bed  piece  which  sup- 
ports the  rear  trestles. 

K,  Fig.  4,  is  a  vertical  projection  of  the  same.    There  are  two  sets 
of  these,  so  that  one  may  be  placed  and  leveled  while  the  trestles  are 
on  the  other.    Fig.  12  is  the  horizontal  projection  of  the  level  used  in 
i  leveling  the  bed-piece. 

Figs.  9, 10,  and  C,  Fig.  3,  are  the  corresponding  projections  for  the 
forward  bed-piece  and  level. 

The  devices  for  leveling  the  bed-pieces  are  shown  at  O,  Fig.  4. 

Figs.  7  and  8  are  the  vertical  and  horizontal  projections  of  the  compar- 
ator, an  instrument  used  in  comparing  the  length  of  the  tube  with  that 
of  the  standard  bar.  It  is  of  such  delicacy  that  an  interval  of  one 
hundred  thousandth  of  an  inch  can  be  measured  by  it. 
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A,  Fi^.  7,  is  a  Bessel  level,  similar  to  the  contact  level.  It  is  moved 
backwards  and  forwards  one  inch  by  the  micrometer  screw  B. 

C  is  a  brass  cylinder,  called  a  quill,  resting  on  the  rollers  D. 

A,  Fig.  8,  is  a  vernier,  reading  to  fiftieths  of  an  inch.  B  and  0  are 
spirit  levels.    E  E  are  screws  which  fasten  the  comparator  to  its  support. 

To  read  the  comparator,  suppose  the  quill  to  be  fixed  in  the  position 
shown  in  the  figure.  The  micrometer  screw^  is  turned  to  the  right,  push- 
ing the  arm  of  the  level  against  the  quill  until  the  bubble  is  nearly  in 
the  middle  of  the  level. 

A  division  of  the  micrometer  head  is  then  made  to  correspond  with 
the  index  at  E. 

The  reading  is  now  taken :  the  tenths  and  hundredths  are  read  from 
the  vernier  at  A,  Fig.  8 ;  the  thousandths  and  ten  thousandths  are  read 
from  the  micrometer  head ;  and  half  the  difference  of  the  reading  of  the 
two  ends  of  the  bubble  gives  the  hundred  thousandths. 

The  vernier  is  di\ided  into  fifty  equal  parts,  and  the  micrometer  into 
two  hundred.  This  makes  it  necessary  in  reading  to  add  one  to  the 
hundi*e<lths  when  the  micrometer  reading  is  one  hundred  or  more,  and 
take  only  the  last  two  figures  of  the  micrometer  reading  for  the  thou- 
sandths and  ten  thousandths. 

The  standard  bar  is  of  brass,  very  nearly  15  feet  long,  1 J  inch  wide, 
and  one-quarter  of  an  inch  thick,  with  an  agate  firmly  imbedded  in  each 
end. 

Its  length,  at  a  temperature  of  62o,  wa«  first  determined  by  compar- 
ing it  with  five  standard  yards,  at  Washington,  numbered  43,  44,  45,  46, 
and  47. 

The  comparator  posts  are  made  of  stone,  in  two  parts,  for  convenience 
of  transportation,  and  are  shown  in  the  sketches  at  the  right  and  left 
of  Fig.  8.  The  two  parts  are  fastened  together  by  an  iron  bolt  which 
passes  through  the  lower  one  and  into  the  upper  one,  where  it  is  keyed 
through  a  transverse  key-hole. 

It  is  packed  with  India-rubber,  to  prevent  its  contraction  from  break- 
ing the  stones. 

The  complete  post  is  five  feet  high,  and  weighs  1,600  pounds. 

They  are  set  15  feet  apart,  upon  a  solid  foundation.  The  comparator 
is  firmly  fastened  to  the  top  of  one  of  them. 

From  the  side  of  the  other  one,  on  a  level  with  the  quill,  projects  a 
butt-piece  of  steel  one-half  an  inch  long,  with  a  polished  and  slightly 
convexed  end.    Between  these  posts  are  placed  two  trestles. 

To  adjust  the  section  level,  the  agates  at  both  ends  of  the  tube  are 
brought  into  the  same  horizontal  plane.  This  is  done  with  an  ordinary 
level  set  on  -a  post  at  a  convenient  distance  from  the  tube.  A  post  is 
used  because  the  tripod  is  not  generally  steady  enough. 

The  tube  being  level,  the  graduated  arc  of  the  section  is  made  to  read 
zero  by  turning  the  micrometer  screw. 

When  this  is  done,  if  the  micrometer  head  does  not  also  read  zero,  it 
is  pushed  back  until  the  thread  is  free  from  the  cogs,  when  it  is  turned 
until  it  does.  It  is  then  allowed  to  spring  back  to  its  original  position. 
The  bubble  is  then  brought  to  the  center  of  the  level  with  the  adjusting 
screw  T,  Fig.  2. 

To  find  the  value  of  a  division  of  the  sector  level  the  graduated  limb 
is  read  when  the  bubble  is  near  one  end  of  the  level ;  the  micrometer 
screw  is  then  turned  until  the  bubble  is  near  the  other  end,  when  a  sec- 
ond reading  is  taken.  The  difference  of  these  two  readings,  divided  by 
the  number  of  spaces  through  which  the  bubble  passed,  is  the  value  of 
a  single  division.    The  mean  of  a  great  number  of  results  is  three  sewnd^. 
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In  use  this  bubble  can  generally  be  brought  to  the  center,  but  it  is 
sometimes  more  convenient  to  simply  bring  both  ends  in  .sight,  take  half 
the  difference  of  their  readings,  multiply  it  by  3 ;  and,  1,  if  it  be 
down  grade  and  the  bubble  to  the  right,  subtract  the  result  from  the 
seconds  of  the  grade-angle ;  2,  if  down  grade  and  babble  to  the  left, 
add ;  3,  if  up  grade  and  bubble  to  right,  add ;  4,  if  up  grade  and  bubble 
to  left,  subtract. 

In  use  it  is  not  convenient  to  bring  the  bubble  of  the  contact  level  to 
the  center,  but  simply  so  that  both  ends  of  the  bubble  are  visible,  when 
half  their  difference  is  taken  and  multiplied  by  the  value  of  a  single 
division,  and  the  result  added,  with  the  proper  sign,  to  the  length  of  Uie 
tube.  It  is  necessary  then  to  know  the  value  of  a  single  division  of  the 
contact  level. 

To  find  it,  a  tube  is  placed  between  the  comparator  posts,  with  the 
comparator  at  the  forward  end.  Contact  is  made  with  the  butt-piece, 
so  that  the  bubble  is  nearer  one  end  of  the  level  than  the  other. 
The  ends  of  the  bubble  and  the  comparator  are  then  read  at  the  same 
time. 

Contact  is  then  made,  so  that  the  bubble  is  nearest  the  other  end, 
when  another  reading  is  taken. 

The  difference  of  the  comparator  reading  is  then  divided  by  the  nmn- 
ber  of  spaces  over  which  the  bubble  passed. 

The  result  is  the  value  of  a  single  division.  The  mean  of  a  large 
number  of  these  results  is  .000015  inch. 

To  determine  the  amount  which  the  standard  bar  expands  for  one 
degree  of  heat,  the  bar  is  placed  between*  the  comparator  i>osts;  six 
thermometers  are  placed  at  equal  distances  along  and  in  contact  with 
it.  The  thermometers  and  comparator  are  then  read.  After  the  tem- 
perature has  changed  through  several  degrees,  another  set  of  readings 
are  taken. 

The  difference  of  the  comparator  readings  is  divided  by  the  difference 
of  temperatures. 

The  quotient  is  the  expansion  of  the  bar  and  quill  due  to  one  degree 
of  heat,  called  the  "  coeflScient  of  expansion.''  The  mean  of  a  great 
number  of  results  is  .00188  inch. 

(The  expansion  of  the  quill  is  determined  in  a  similar  manner.  Its 
coefficient  is  .00004  inch.) 

To  comi)are  a  tube  with  the  standard  bar,  the  trestles  and  comparator 
posts  are  fixed  the  same  as  for  comparing  the  bar  with  the  yards.  The 
tube  is  placed  on  the  trestles  and  the  bar  laid  on  the  tube,  great  care 
being  taken  to  keep  it  i>erfectly  straight.  Six  thermometers  are  placed 
along  and  in  contact  with  it.  The  bar  and  tube  are  brought  alternately 
between  the  butt-piece  and  quill  by  means  of  the  vertical  motion  of  the 
trestles. 

The  bar  is  first  brought  in  contact  with  the  butt-piece  and  the  ther- 
mometer read. 

Then  the  comparator  is  read  three  times  in  succession,  the  contact  of 
the  quill  being  broken  between  each  residing;  after  which  the  thermom- 
eters are  read  a  second  time.  The  difterence  between  the  mean  of  their 
readings  and  C2o  is  multiplied  by  the  coefficient  of  expansion,  and 
added,  with  the  proper  sign,  to  the  comparator  reading ;  the  result  i^ 
what  the  bar  would  have  read  if  tlie  temperature  had  been  62^. 

The  tube  is  next  brought  between  the  butt-piece  and  quill.  The  oper- 
ator at  the  rear  end  now  turns  the  contact  screw  until  both  ends  of  the 
bubble  in  the  contact  level  are  visible.  In  the  same  time  the  oi)erator 
at  the  forward  eud  vte\^area  the  comparator  for  tiie  reading.    WTien 
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both  are  ready  a  signal  is  given,  and  the  readings  taken  simultaneously, 
the  one  at  the  rear  end  simply  rea<ling  both  ends  of  the  bubble. 

Half  their  difterence  is  multiplied  by  the  value  of  a  division  of  the 
contact  level,  and  added,  with  the  proper  sign,  to  the  comparator  read- 
ing; this  gives  what  the  comparator  would  have  read  if  the  bubble  had 
been  in  the  middle.  This  is  repeated  three  times  and  the  mean  taken. 
The  correction  for  tbe  expansion  of  the  quill  is  applied  in  the  same  man- 
ner as  for  the  bar.  The  corrected  reading  of  the  tube  is  subtracted  from 
the  corrected  reading  of  the  bar.  The  remainder  is  the  amount  which 
the  tubes  is  shorter  than  the  bar  at  a  temi>erature  of  02o.  But  the 
length  of  the  bar  at  this  temperatui*e  is  known ;  hence  the  length  of  the 
tube  becomes  known. 

The  mean  of  sixteen  comparisons  is  considered  suflBciently  exact. 
IKot  more  than  ten  thousand  feet  is  measured  before  the  tubes  are  re- 
compared,  for,  in  spite  of  every  precaution,  their  lengths  change  with 
use.  When  these  comparisons  are  made  in  the  field  the  comparator 
posts  are  protected  by  a  temporary  building. 

The  following  table  shows  the  method  of  keeping  the  notes.  It  is 
copied  from  the  notes  of  comparison  made  on  the  Keweenaw  base  line, 
Lake  8ui)erior,  1860 : 


• 

1 

r 

w 

m 
« 

Thermometer. 

Contact  level. 

o, 

a 

o 
O 

Cor.  for 
tem. 

• 

Cor.  reading 
for  bar  and 
tube. 

Bar     larger 
than     the 
tube. 

1 
630 

2 
630 

3 
631 

4 

628 

5 
624 

6 

630 
mean. 
6297 -f- 

630 

Inch, 

1817 
1421 
1718 

6. 4i455 

0.  41456 
0.4145  4-5 
a  40121 
0. 40120  f 
0.401  14-18 

Bar 

0.00235 

0.412230 

633 

631 

632 

630 

625 

Tube  No.  2. 

17 

0.40120 

0  OHIO 

1 

637 

634 

635 

632 

629 

633 
mean. 
6;J36+ 

633 

0.  41474 

0.  41470 
0. 41468 

Bar 

0.00232 

0.41239 

638 

635 

635 

633 

630 

To  use  this  apparatus  successfully  a  base  line  is  selected  over  hard 
and  firm  ground,  where  there  is  no  grade  of  more  than  three  degrees. 
The  stumps,  stones,  and  loose  soil  are  all  removed  for  a  width  of  15  feet, 
and  the  ground  firmly  packed.  At  one  extremity  of  the  line  a  stone 
four  feet  long  is  set  its  whole  length  in  the  ground.  In  the  top  of  the 
stone  is  a  brass  bolt.  Across  the  head  of  the  bolt  are  drawn  two  fine 
lines;  their  intersection  is  the  initial  point.  After  the  line  is  meas- 
ured, its  other  extremity  is  marked  in  a  similar  manner.  Stations  are 
built  over  these  points. 

To  measure  the  line,  the  first  thing  that  is  necessary  is  to  bring  the  rear 
end  of  the  first  tube  directly  over  the  initial  point.  This  is  a  delicate 
operation,  requiring  much  care.  There  are  several  ways  of  accomplish- 
ing it.  One  is,  to  place  the  second  tube  on  the  side  of  the  starting  point 
opposite  to  the  direction  in  which  it  is  intended  to  measure.  A  transit 
is  set  up  on  the  line  about  1,000  feet  distant.  The  int^j^ection  of  the 
cross  hairs  is  brought  on  the  initial  point;  the  telescope  is  then  ele- 
vated and  the  agate  brought  into  the  intersection  of  the  cross  haijr^. 
The  agate  is  now  in  the  line. 

Next,  a  second  transit  is  set  up  opposite  the  starting  point  and  at 
right-angles  with  the  line.    The  point  of  a  sharp  knife  or  needle  is 

00  w— Part  n 


946 


REPORT   OF   THE   SECRETARY   OF   WAR. 


placed  at  the  intersection  of  the  lines  on  the  head  of  the  brass  bolt 
The  second  telescope  is  sighted  at  this  point,  and  then  elevated  to  the 
agate,  wliich  is  then  brought  up  until  it  is  tangent  to  the  cross  haire. 
It  is  now  directly  over  the  initial  point.  The  first  tube  is  now  brooght 
up  and  placed  in  line  by  the  observer  at  the  transit.  The  operator  at 
the  rear  end  of  the  first  tube  brings  the  bubble  to  the  centesr  of  the  sec- 
tor level  by  means  of  the  micrometer  screw.  He  then  makes  the  con- 
tact, and  reads,  first,  the  two  ends  of  the  bubble  in  the  contact  level; 
then  the  grade-angle  from  the  graduated  limb ;  and,  finally,  the  three 
thermometers  that  are  placed  in  the  middle  and  ends  of  the  tube. 

The  second  tube  is  now  by  the  longitudinal  motion  of  its  trestles 
drawn  backwards  away  from  the  first  until  the  contract  is  broken.  It  Is 
then  carried  forward  a  length  and  brought  in  contact  the  same  as  the 
irst.  Then  the  first  is  carried  forward,  and  so  on  until  the  day's  work 
is  closed.  To  mark  the  point  where  the  day's  work  closes  a  stone  ami- 
lar  to  the  one  at  the  starting  point  is  placed  precisely  under  the  end  of 
the  tube  in  the  same  way  that  the  tube  was  placed  over  the  first  one. 

There  are  two  ways  of  carrying  the  tubes.  One  is  to  carry  the  tube 
and  trestles  together  by  the  handles  shown  at  L,  Fig.  5 ;  the  other  is  to 
carry  the  tube  separately  by  the  handle  shown  at  K.  The  latter  is 
preferable.    Four  men  are  required  in  either  case. 

The  following  table  shows  the  method  of  keeping  the  notes  when  tk 
line  is  being  measured.  They  were  copied  from  the  note^  of  the  Kewee- 
naw base  line,  Lake  Superior,  1866. 

Tuesday,  October  2,  1866. 


Time    of 
day. 

Whole  No. 
of  tabei. 

No.  of  the 
tube. 

Contact 

loTel. 

Indinatlon. 

Thermometer. 

Remarks. 

1. 

9. 

3. 

Mean. 

A.M. 

1  14 
1  23 
1  29 
1  49 

1  57 

2  05 
2  13 
2  22 
2  29 
2  39 

1 
2 
3 
4 
5 
6 
7 
8 
9 
lU 

2 

1 
2 
1 
2 

I 
2 

1 
2 

1 

19.18 
11.17 
17.20 

iai5 

16.20 
12.15 
11.25 
1&13 
22.14 
12.15 

O      1       II 

2    1  5.19 
2  50  3.12 
0  30  5.80 

0  20  1.90 
2  30  2  68 
2  20  1.68 

2  10  ail 

3  40  1.58 
2  10  4.74 

1  00  5.88 

Pall. 

Fall. 

Fall. 

Fall 

Fall. 

Fall. 

Pall. 

Fall. 

Fall. 

Fall 

54.8 
55.9 
57.0 
50.5 
62.0 
60.3 
61.0 
5&5 
57.4 
56.6 

54.0 
55.7 
54.6 
56.3 
57.5 
56.2 
57.8 
56.3 
57.0 
5.\4 

54.7 
55.9 
55.3 
56.8 
57  8 
57.4 
S&O 
57.0 
57.0 
55.8 

54.50 
55^83 
55.63 
57.53 
57.40 
59.10 
5&90 
56.93 
57.26 
57.13 

Started    from    tooth  eod  e( 
base-line. 

Sky  overcast;  windlightfrva 
soathweat. 

Oroand    poor:    tabei  itekt 
badly. 

The  thermometers  were  read  so  that  if  the  tubes  should  prove  to  be 
not  quite  compensating  they  could  be  corrected  for  temperature.  When 
the  end  of  the  line  is  reached  a  stone  is  placed  under  the  end  of  the  last 
tube  in  the  same  manner  as  at  the  close  of  a  day's  work,  and  the  line 
consists  of  an  even  number  of  tubes.  But  if  the  extremities  of  the  line 
be  established  before  it  is  measured  the  distance  between  two  given 
points  has  then  to  be  determined.  This  distance  consists  of  a  certain 
number  of  tubes  and  a  fractional  part  of  a  tube.  As  there  is  no  way  of 
measuring  a  part  of  a  tube  it  must  be  computed.  A  convenient  way  of 
doing  this  is  shown  in  the  figure  opposite.  Let  Abe  the  end  of  the  line 
and  A  D  the  part  of  the  tube  to  be  computed.  Some  known  point  in 
the  line,  say  at  B,  500  or  600  feet  from  D  is  taken  and  with  D  B  for  a 
base  the  triangle  D  B  C  is  computed,  then  with  B  C  for  a  base  the  tri- 
angle A  B  0  is  computed  and  A  D  becomes  known.  [For  diagram  see 
original.] 

After  the  measxM^mewt  ia  completed  the  horizontal  distance  between 
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the  ends  of  the  line  is  completed.  It  is  equal  to  the  sum  of  the  horizon- 
tal projection  of  all  the  tubes.  The  horizontal  projection  of  a  single 
tube  is  equal  to  the  length  of  the  tiibe  multiplied  by  the  cosine  of  its 
grade  angle.  When  there  are  1,500  or  2,000  tubes  to  compute,  the  easiest 
way  is  to  form  a  table  of  the  length  of  a  tube  for  ea<5h  ten  seconds  of 
grade  angle  up  to  thi-ee  degrees.  The  horizontal  projection  of  each  tube 
is  then  tiiken  directly  from  the  table  and  their  sum  is  the  length  of  the 
base  line.  A  portion  of  the  base  is  generally  remeasured  to  test  the 
accui*acy  of  the  work.  This  is  a  case  where  the  distance  between  two 
given  points  is  required,  but  here  the  practical  part  of  a  tube  is  always 
less  than  an  inch,  hence  it  can  be  measured  with  the  comparator. 


Wc. 

Repart  on  the  survey  of  the  northern  and  northicestern  lakes. 

Office  Lake  Survey, 

Detroit^  July  1,  1868. 

Sir  :  I  have  the  honor  to  submit  the  following  report  on  the  measure- 
ment of  the  base  line  at  L'Anse  bay,  Lake  Superior.  This  line  I  selected 
in  the  fall  of  1865,  and  it  was  cut  out  and  grubbed  that  fall  and  the  fol- 
lowing spring.  In  the  fall  of  1866, 1  went  there  by  your  orders,  and  com- 
menced the  grading  and  measurement,  but  on  account  of  the  wet  weather 
was  only  able  to  measure  about  4,000  feet.  In  August,  1867,  three  shore 
parties  were  sent  there,  and  on  the  27th  I  landed  to  recommence  the 
measurement.  After  having  made  the  necessary  preparations  and  com- 
parisons of  the  tubes  with  the  stjindard  bar,  on  the  7th  of  September  I 
began  measurement  at  the  south  base  station. 

The  rear  agate  of  the  first  tube  was  brought  in  contact  with  a  silk 
plumb  line  suspended  from  the  center  of  the  station,  the  point  of  the 
bob,  (of  about  five  pounds  weight,)  being  over  a  point  in  the  top  of  a 
small  triangular  brass  leaded  into  the  top  of  a  stone  five  feet  long,  sunk 
about  six  inches  below  the  surface  of  the  ground.  The  measurement 
was  continued  to  the  768th  tube,  when,  having  to  stop  to  let  the  grading 
parties  get  ahead,  the  tubes  were  taken  back  to  camp  and  comparisons 
again  made  with  the  standard  bar,  the  comparison  stones  being  set  up 
in  a  house  in  camp,  could  not  well  be  moved  down  the  luie. 

The  measurement  was  again  commenced  on  the  1st  of  October  and 
continued  to  the  north  base  station,  beneath  which  a  similar  stone  to  the 
one  under  the  south  base  station,  was  sunk,  and  connected  with  the  front 
agate  of  the  last  tube.  The  tubes  were  carried  again  to  camp  and  an- 
other set  of  comparisons  made  with  the  standard  bar.  The  results  of 
these  several  comparisons  are  given  below : 

Inches. 

Length  of  standard  bar 180, 001.66 

Length  of  tube  1,  first  comparison 179, 985.21 

Length  of  tube  1,  second  comparison 179, 985.24 

Length  of  tube  1,  third  comparison 179, 984.14 

Length  of  tube  2,  first  comparison 179, 992.47 

Length  of  tube  2,  second  comprison 179, 992.07 

Length  of  tube  2,  third  comparison 179, 992 .18 

The  sector  level  was  connected  in  each  tube  at  the  time  of  making  the 
first  comparisons  and  at  the  second  an  error  of  36  inches  rise  wa^  fowxi^ 
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in  tube  1,  and  nothing  in  tul>e  2.    Again  being  adjusted  the  error  at  the 
last  comparison  was  43  inches  fall  in  tube  1,  and  48  inches  fall  in  tube  2. 

A  station  was  built  near  the  center  of  the  line  at  the  end  of  the  952d 
tube  for  the  pui7)ose  of  testing  the  measurement.  This  station  was 
afterwards  found  by  means  of  the  repeated  angles  made  for  the  trianp- 
lation  to  be  less  than  a  quarter  of  an  inch  off  of  the  line  between  tli€ 
north  and  south  base  stations. 

Stones  four  feet  long  were  sunk  at  least  a  foot  below  the  surface  at 
the  ends  of  tubes  303,  588,  952,  1271,  and  1000,  respectively,  the  vertical 
line  passing  the  end  of  the  agate  being  marked  by  a  point  at  the  inter 
section  of  two  lines  across  the  top  of  a  triangular  brass  leaded  into  their 
ui>per  surface. 

The  apparatus  and  mode  of  measurement  were  the  same  as  described 
in  my  repoii:  on  the  Chambers  Island  base,  except  that  two  extra  tres- 
tles and  foot-plates  were  furnisbed.  These  w^ere  set  up  in  front  of  the 
tubes,  and  by  means  of  a  wooden  gauge  brought  nearly  into  line,  so  that 
much  time  was  saved  in  leveling  and  lining  the  tubes,  as  well  as  making 
the  work  easier  and  better. 

A  great  many  stoppages  had  to  be  made  to  enable  the  grubbing  iw 
ties  to  keep  ahead  of  the  measurement,  and  also  on  account  of  the  wet 
weather.  Stakes  had  to  be  driven  under  the  comers  of  nearly  half  the 
foot-plates,  the  ground  being  wet  and  soft.  This  will  account,  also,  for 
the  few  hours  in  each  day  during  which  work  was  done,  as  shown  in  tJie 
table,  and  also  for  the  length  of  average  time  per  tube.  The  number  of 
tubes  measured  in  one  hour  over  good  ground  exceeded  by  one-half  what 
we  had  been  able  to  accomplish  with  the  apparatus  heretofore.  If  the 
line  should  be  remeasured  in  the  dry  season,  it  could  be  done  in  10  or 
12  working  days,  and  in  a  much  more  satisfactory  manner. 

The  following  table  shows  the  number  of  hours  per  day,  the  working 
days,  the  number  of  tubes  measured,  and  the  average  time  per  tube: 


Dftte. 

No.  of  hoars 
worked. 

o 

B 
o 

• 

o 

Average  time 
per  tub«. 

Date. 

No.  of  boars 
worked. 

S 

o 

• 

o 

• 
E  . 

il 

< 

S«pteinb«r  7 

September  9 

September  10 

St'ptember  11 

September  12 

September  13 

September  14 

September  30 

September  21 

October  1 

h.  m 
2  29 

4  29 
7.02 
8  10 

5  41 

4  50 

6  30 

5  31 
T22 

6  33 
5  47 
7.30 
620 

23 

63 

114 

103 

li3 

77 

95 

72 

106 

125 

108 

88 

83 

m.  $. 
6  29 
4  15 

3  42 

4  45 
3  U 

3  46 

4  06 
4  36 

4  06 
3  09 
3  13 

5  07 
3  35 

October  12 

■  Octobt-r  14 

October  15 

October  16 

October  18 

October  19 

October  22 

October  23 

October  24 

October  25 

km. 
6  43 
1  16 

4  43 

6  03 

5  10 

7  04 

6  43. 
5  11 
5  58 
5  33 

79 
20 
81 
92 
71 
85 
112 
79 
81 
61 

■.1 

506 
34^ 
3  3 
358 
423 
439 
Z» 

3  So' 

4  21 
527 

October  3 

Oct4)ber  7 

139  31 

1,933  '         *  9 

October  8 

I  append  a  sketch  of  the  position  of  the  base  line  and  of  the  first  tri 
angles,  showing  the  expansion  from  the  base.  It  will  be  noticed  that 
the  system  is  so  arranged  that  the  principal  lines  are  determined  by  two 
separate  sets  of  triangles.  This  was  carried  out  as  far  as  i)ossible  in  the 
selection  of  all  the  points  of  the  main  triangulation,  so  that  the  hne 
north  Irom  Vulcan  station  across  the  lake  was  twice  determined. 

I  also  give  a  profile  of  the  line.  This  shows  that  there  are  no  sudden 
elevations  in  the  line,  making  most  of  the  work  in  grading  the  removal 
of  the  surface  soil.    This  would  have  been  easy  in  a  dry  time ;  but  the 
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continaal.rains  filled  up  the  hollows,  and  made  the  removal  of  the  muck 
quite  difficult  and  tedious. 

1  was  ably,  assisted  in  the  measurement  by  Assistants  E.  S.  Wheeler, 
D.  Wallace,  Mr.  K.  Havens,  and  Mr.  John  Whitting ;  and  I  take  this 
opportunity  of  returning  my  thanks  to  them  for  the  careful  and  efficient 
manner  in  which  they  performed  their  several  duties. 

The  computations  of  the  length  of  the  base  line  are  being  made,  and 
will,  I  presume,  be  reported  directly  to  you. 

I  have  the  honor  to  be,  very  respectfully,  your  obedient  servant, 

D.  FARRAND  HENRY. 

Bvt  Brig.  Gen.  and  Ool.  W.  F.  Raynolds, 

Corps  Eng,  in  charge  Lake  Survey,  Detrait 


Wd. 

Report  on  the  survey  of  tlie  northern  and  northwestern  hikes. 

Office  United  States  Lake  Survey, 

Detroit,  July  1,  18G8. 

Sir  :  I  have  the  honor  to  submit  the  following  report  of  progress  of 
the  river-gauging  parties  under  my  charge : 

On  the  accompanying  map  of  the  north  and  northwestern  lakes  it  will 
be  noticed  that  the  chain  is  but  an  expansion  of  the  connecting  rivers; 
and  that  after  leaving  Lake  Superior,  and  coming  down  the  St.  Marie 
river,  we  have  Lake  Huron,  with  Lake  Michigan,  on  one  side,  and  Geor- 
gian bay  on  the  other,  which  appear  to  be  merely  expansions  to  the  east 
and  west ;  then  a  long  stretch  of  river,  the  St.  Clair ;  next  Lake  Erie, 
turning  to  the  eastward ;  then  Niagara  river,  turning  sharply  to  the 
north ;  and  lastly.  Lake  Ontario  and  the  river  St.  Lawrence.  Thus  the 
chain  is  naturally  divided  into  four  sections,  with  outlets  which  can  be 
measured. 

The  first  thing  was  to  find  the  place  in  these  outlets  where  the  depth 
was  most  uniform,  and  the  banks  nearly  parallel.  As  all  the  outlets, 
except  the  St.  Lawrence,  had  been  surveyed,  there  was  not  much  diffi- 
culty in  choosing  these  points. 

FOR  LAKE  SUPERIOR. 

1.  The  St.  Marie  river,  above  the  rapids,  is  tortuous  and  uneven,  and 
about  five  miles  below  divides  into  two  branches.  At  Point  aux  Peris, 
above  the  rapids,  the  river  is  quite  narrow,  and  the  cross-section  is  com- 
paratively regular,  but  for  so  short  a  distance  that  it  was  impossible  to 
find  a  good  base-line.  About  a  mile  below  the  rapids  the  banks  are 
nearly  parallel  for  about  1,500  feet ;  and  though  somewhat  broken  by 
rocks  and  shoals,  the  bottom  is  pretty  even.  The  latter  place  was  there- 
fore chosen. 

2.  In  the  St.  Clair  river,  the  outlet  of  the  second  section,  the  best  place 
was  found  near  St.  Clair,  where,  though  the  river  was  somewhat  wider 
than  at  other  points,  the  cross-section  was  most  uniform. 

3.  In  the  Niagara  river,  the  flow  above  the  falls  is  much  disturbed  by 
rocks  and  shoals,  and  below  there  are  eddies  and  back  flows  all  the  way 
to  Lake  Ontario.  The  place  where  these  eddies  were  narrowest  was 
found  to  be  about  three  miles  above  its  mouth,  the  back  flow  being  only 
about  50  feet  wide  on  each  side  of  the  river. 
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4.  At  Ogdensbnrg,  on  the  St.  Lawrence,  the  outlet  of  the  wbole  chain 
of  lakes,  the  water-shed  of  the  lakes,  shown  on  the  map,  seems  to  con- 
verge ;  and  also,  about  five  miles  below  the  town,  the  rapids  commence^ 
w^hile  the  last  of  the  Thousand  Islands  is  about  12  miles  above. 

The  river  is  quite  wide  and  the  current  slow,  but  the  bottom  is  very 
even  and  regular.  A  point  a  mile  above  the  town  was  therefore  chosen 
as  the  fourth  station. 

Sketches  showing  the  outline  of  the  river  and  soundings  at  each  of 
these  places  are  given,  Figs.  1  to  4,  and  cross-sections  at  the  places 
where  the  gauging  w^as  done  in  Figs.  5  to  8. 

The  method  of  operations  was  the  next  question.  This  was  also 
easily  decided,  for  the  short  time  I  had  for  preparation  and  the  want  of 
practical  knowledge  of  this  kind  of  work  made  the  adoption  of  some 
system  of  the  measurement  of  the  velocity  by  means  of  floats  necessary; 
and  that  perfected  by  Captain  Humphreys  and  Lieutenant  Abbott, 
topographical  engineers,  in  their  gauging  of  the  Mississippi,  seemed  to 
be  the  most  rational  as  well  as  scientific;  and  in  fact  was  the  first 
attempt  to  measure  so  large  a  body  of  water.  That  method,  as  described 
in  their  Keport  on  the  Physics  and  Hydraulics  of  the  Mississippi  River, 
&c.  (prepared  by  Captain  A.  A.  Humphreys  and  Lieutenant  H.  L 
Abbott,  topogi*aphical  engineers,)  p.  224  seq.,  is  as  follows : 

Two  parallel  cross^sections  of  the  river  having  been  made  200  feet  apart,  a  base  line  of 
the  same  length  was  laid  off  on  the  bank  perpendicular  to  both.  •  •  *  ^q  obserrei 
with  a  theodolite  was  stationed  at  each  extremity  of  the  base  line.  It  is  evident  that  wbes 
the  telescopes  were  directed  upon  the  river  with  their  axes  set  at  right  angles  to  the  ba« 
line,  the  vertical  cross-hairs  mark  out  the  lines  of  sounding  upon  the  water  surface,  and  that 
the  time  of  passage  of  a  float  between  these  lines  was  that  consumed  in  passing  200  feet 
Also  that  if  the  angular  distance  of  a  float  from  the  base  line  when  crossing  each  line  of 
sounding  was  measured,  its  distance  in  feet  from  the  former  could  be  re^dilj  computed  sod 
its  path  fixed.     Upon  these  principles  the  obsuivations  were  conducted. 

Two  skiffs  were  stationed  on  the  river,  one  considerably  above  the  upper  and  the  otber 
below  the  lower  section  line,  the  former  boat  being  provided  with  several  keg  floats.  Ati 
signal  from  the  engineer  at  the  upper  station,  whose  telescope  was  set  upon  the  upper  sectioB 
line,  a  float  was  placed  in  the  river.  The  keg  immediately  sunk  to  the  depth  allowed  bj  the 
cord  and  the  whole  float  moved  down  toward  the  upper  line.  The  observer  at  the  lower 
station  followed  its  motion,  keeping  the  cross-hair  of  his  telescope  directed  constantly  upon 
the  flag. 

At  the  word  *'mark'*  uttered  by  his  companion  when  the  float  crossed  the  upper  line,  be 
recorded  the  angle  shown  by  his  iustnimeut,  and  then  setting  his  telescope  upon  the  lower 
line  watched  for  the  arrival  of  the  float.  In  the  meantime  the  obser\'er  at  the  upper  station, 
whose  theodolite  supported  a  watch  with  a  large  second  hand,  recorded  the  time  of  the 
transit  of  the  float  across  the  upper  line  and  then  followed  the  flag  with  his  telescope. 

At  the  **  mark  "  given  by  his  assistant  when  the  flag  crossed  the  lower  line  he  recorded 
the  time  and  angular  distance  from  the  base  line. 

The  float  was  picked  up  by  the  lower  boat.  The  floats  mentioned  above  were  doable, 
that  is,  consisting  of  a  lower  part  whose  specific  gravity  WdS  a  little  greater  than  water,  and 
connected  by  a  cord  with  an  upper  float  which  rested  on  the  surface  of  the  water  and  bekl 
the  lower  part  at  any  depth  wished.  The  best  kind  were  found  to  be  for  the  lower  part  paint 
kegs  12  inches  in  height  by  8  inches  diameter  and  a  surface  float  of  tin  of  an  ellipsoidal  IbnB, 
the  axes  being  5.5  and  J. 5  inches,  connected  by  a  cord  less  than  one  tenth  of  an  incbin 
diameter. 

The  size  of  the  keg  was  so  much  greater  than  that  of  the  surface  float  that  the  latter  did 
not  sensibly  affect  the  rate  of  movement.  Through  the  center  of  the  surface  float  a  win 
was  passed  projecting  about  one  foot  and  bearing  a  small  flag. 

Simultaneous  observations  should  have  been  made  at  each  of  the 
four  places ;  but  as  it  was  not  possible  to  send  out  but  two  parties,  I 
established  water  gauges  at  the  other  two  points,  that  tri-daily  readings 
of  the  height  of  the  water  might  be  taken  while  observations  were  made 
at  the  other  points,  and  the  discharge  at  the  several  places  could  thus 
be  compared. 

Similar  daily  records  of  the  height  of  the  water  having  been  kept  at 
various  places  o\\  W\<i  Va\5j^?>  liwt  w^iarly  eight  years,  the  general  fluctaa- 
tions  were  kuovrii  «Lii^  c,o\3Xvi\i^\3L^<$^^m'0^^  ^iXi\B.'^^^^assvsa. 
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On  the  7th  of  June  I  left  Detroit  for  St.  Clair  with  both  parties,  one 
under  the  charge  of  Assistant  A.  R.  Flint,  assisted  by  Mr.  Wm.  Graham, 
and  the  other  under  charge  of  Assistant  L.  Foote,  assisted  by  Mr.  P. 
Hunter,  to  establish  the  best  mode  of  working  and  to  familiarize  our- 
selves with  it. 

The  base  line  taken  by  General  Humi)hreys  was  200  feet,  as  before 
stated,  that  being  the  greatest  distance  a  person  could  hear  distinctly 
on  a  still  day,  and  I  found  that  even  then  the  wash  of  the  waves  on  the 
beach,  caused  by  the  constant  passage  of  boats  and  other  common 
noises,  made  considerable  exertion  of  the  lungs  necessary.  Besides,  the 
practical  difficulty  of  calling  loudly  at  the  time  of  watching  the  float 
and  recording  the  time  made  it  very  uncertain. 

The  St.  Clair  river  at  the  place  chosen  was  about  1,700  feet  wide,  and 
this  made  the  work  from  so  short  a  base  line  inaccurate,  for  the  angle 
a  float  at  the  further  side  of  the  river  would  make  with  its  ends  would 
be  less  than  7^  and  at  the  center  only  about  lo^,  making  the  plotted 
position  of  the  distant  floats  very  uncertain. 

I  therefore  concluded  to  put  my  stations  further  apart  and  to  connect 
them  by  telegraph. 

I  selected  a  base  line  nearly  700  feet  long  and  set  up  at  each  end  solid 
posts,  sinking  them  about  four  feet  in  the  ground,  for  the  theodolites  to 
Bet  on. 

Near  each  of  these  posts,  but  not  touching,  I  put  another  post  on 
which  were  placed  a  relay  or  sounder  and  a  talking  key,  and  on  the  one 
at  the  upper  station  a  chronometer.  The  two  stations  were  then  con- 
nected by  a  wire  with  each  other  and  with  a  small  battery. 

On  the  opposite  side  of  the  river  two  flags  were  set  up  so  that  the 
lines  joining  them  and  the  opposite  station  of  the  base  would  be  per- 
pendicular to  the  direction  of  the  current. 

Then  a  float  being  set  oft'  from  a  boat  anchored  far  enough  above  the 
upper  station  to  allow  it  to  assume  a  uniform  motion  and  at  any  desired 
distance  from  shore,  the  assistant  at  the  upper  station  directed  the 
telescope  of  his  instrument  on  the  opposite  flag. 

Just  as  the  float  reached  the  field  of  his  glass  he  gave  an  alarm  with 
his  key  and  caught  the  beat  of  the  chronometer. 

Then,  \^ith  his  hand  on  the  key  and  counting  the  chronometer  beats, 
he  watched  till  the  float  reaehed  the  vertical  cross-hair  of  his  instru- 
ment, when  he  closed  the  circuit  noted  and  recorded  the  time. .  The 
a««istant  at  the  lower  station  at  the  first  alarm  turned  his  telescope 
ui>on  the  float  and  followed  it  until  the  single  tick  showed  him  it  had 
reached  the  upper  line ;  he  then  read  and  recorded  the  angle,  and  turned 
his  telescope  ui)on  the  lower  flag.  He  in  turn  as  the  float  approached 
the  line  gave  the  alarm  and  the  single  tick  as  it  passed,  and  the  first 
assistant  at  the  alarm  turned  his  telescope  upon  the  float,  and  counted 
the  chronometer  beats  until  the  tick  informed  him  that  the  float  was 
passing  the  lower  line,  when  he  noted  the  time  and  i*ecorded  it  together 
with  the  angle. 

In  this  manner  the  time  of  passage  of  the  float  was  obtained  to  the 
nearest  second,  and  the  position  within  a  foot. 

After  a  series  of  floats  had  been  put  out  at  different  depths,  the  boat 
was  moved  to  another  part  of  the  river  and  another  series  taken. 

The  lower  part  of  the  float  was  an  old  paint  keg  with  the  bottom- 
knocked  out  and  with  a  reel  inside  of  it,  with  as  much  small  cord  about 
one-tenth  inch  in  diameter  as  was  necessary  wound  upon  it.  This  cord 
was  marked  every  five  feet  and  passed  up  through  a  small  hole  in  a 
leather  strap  riveted  on  the  top  of  the  keg.    The  tin  ellipsoidal  floats 
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had  a  wire  running  through  the  center  projecting  four  inches  below  and 
eight  inches  above,  and  having  on  the  lower  end  an  eye  to  which  the 
cord  was  fastened. 

This  wire  carried  a  flag  of  red  flannel  about  two  inches  wide  and  six 
inches  long.  I  noticed  that  even  this  small  flag  seemed  to  have  an 
undue  influence  upon  the  direction  of  the  float,  particularly  when  it  was 
accidently  wet,  and  I  therefore  tried  the  small  red  India-rubber  balloons 
filled  with  hydtogen  gas  and  with  air,  letting  them  float  about  one-baif 
or  one-third  their  diameter  above  the  surface.  These  did  very  well  in 
perfectly  still  water,  but  if  a  wave  struck  them  they  would  burst  with 
the  increased  pressure. 

I  also  tried  small  tin  cylinders  and  cones  on  the  top  of  the  floats.  At 
certain  times  of  the  day  they  would  show  beautifully,  but  for  general 
use  they  w^ere  not  as  good  as  the  flags.  But  another  use  was  found  for 
them  which  facilitated  operations  considerably. 

The  floats  often  being  10  minutes  in  passing,  it  was  found  advan- 
tageous to  start  them  from  the  boat  one  or  two  minutes  apart,  until  the 
first  one  had  reached  the  low^  line.  The  instruments  were  thus  kept 
nearly  in  the  same  position  until  the  floats  had  crossed  the  upper  Une, 
and  then  both  were  turned  upon  the  lower  till  the  whole  group  had 
passed.  But  sometimes  one  float  would  overtake  and  even  i>as8  another, 
being  at  difterent  depths,  and  therefore  there  was  a  liability  of  error; 
but  by  putting  out  ditterent  kind  of  floats,  it  was  always  known  which 
started  first,  and  they  did  not  need  to  be  watched  all  the  way  down. 

The  soundings  for  the  cross-sections  were  made  with  great  care,  on 
both  the  upper  and  lower  line.  They  were  taken  generally  with  a 
20  i)ound  lead  attached  to  a  jack  chain,  on  which  the  fathoms  were  marked 
by  small  brass  tags,  the  feet  being  measured  by  a  rod  in  the  boat. 
Each  sounding  was  located  in  the  same  manner  as  the  floats,  by  both 
instruments. 

After  we  had  become  familiar  with  these  operations.  Assistant  Foote 
and  party  were  sent  up  to  the  St.  Marie's  river,  and  Assistant  Flint  left 
at  St.  Clair.  On  the  20th  of  July,  Assistant  Flint  and  party  went  to 
Ogdensburg,  on  the  St.  Lawrence;  and  on  the  10th  of  August,  Assis- 
tant Foote  and  party  to  the  Niagara  river,  where  they  remain<Ml  until 
the  last  of  September. 

The  work  on  the  St.  Marie's  and  Niagara,  rivers  was  conducted  in  the 
same  manner  as  that  described  above,  but  at  Ogdensburg  the  St.  Law- 
rence was  so  wide,  over  7,000  feet,  that  a  base  line  was  taken  on  each 
side  of  the  river  1,117  feet  long,  and  the  work  carried  to  the  middle  from 
each  way. 

At  each  place,  while  the  parties  were  at  work,  meteorological  obser- 
vations, including  the  height  of  the  water,  were  taken  ever}^  two  hours, 
and  at  other  times  tri-daily. 

The  stage  of  the  water  at  the  several  places  is  given  in  the  following 
table,  the  figures  showing  the  height  of  the  water  below  the  high  water 
of  1838,  comparisons  of  the  zeros  of  the  gauges  being  made  in  the  man- 
ner explained  in  my  report  on  the  meteorology  of  the  lakes.  As  1  have 
remarked  in  that  report,  though  the  general  level  of  Lake  Ontario 
through  a  series  of  years  is  about  the  same  as  the  other  lakes,  yet 
there  are  at  times  quite  large  difterenc^s  between  them. 

The  following  table  shows  that  that  lake  rose  during  the  past  season 
over  a  foot  higher  than  Lake  Erie  or  Lake  Huron,  and  nearly  reached 
the  highest  stage  of  water  known — that  of  183«  : 
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Table  of  hi-five  day  means  of  tlie  height  of  ilie  water  for  the  several  places  of 

observation^  18G7. 


Date. 

• 

Water  below  the  high  water  of  1838. 

St.  Ste.  M. 

St.C. 

Niagara. 

Ogdeusburg. 

June 

16  to  25 

2.10 
2.08 
2.08 
2. 05 
2.00 
1.99 
1.91 
1.99 
2  09 
1.94 
2.  02 
2.02 
2.05 
2.12 
2.26 
2.24 
2.17 
2.34 
2.33 
2.34 

0.42 
0.46 
0.54 
0.60 
0.64 
0.64 
0.63 
0.62 
0.60 
0.58 
0.50 
0.:J8 
0.34 
0.41 
0.53 
0.69 
0.80 
0.90 
1.00 
1.04 

2lto:<0 

26to5 

July 

1  to  10 

2. 45 
2.25 
2.23 
2. 24 
2.17 
2.14 
2.09 
2.14 
2.14 
2.11 
2.11 
2.15 
2.15 
2.10 
2.11 
2.09 
2.13 

0.27 

6  to  15 

0.31 

11  to  20 

0.49 

16  to  25 

0.62 

21  to31 

0.61 

26to5 

0.76 

Aug. 

1  to  10 

0.77 

6  to  15 

0.88 

11  to  20 

1.02 

16  to  25 

1.12 

21  to  31 ■ 

1.  19 

26  to  5 

1.24 

Sept. 

1  to  10 

1.50 

6to  15 

1.54 

11  to  20 

1.61 

16  to  25 

1.69 

21  to  30 

For  facilitating  tlie  plotting  of  the  work  in  the  field,  the  following 
method  was  adopted : 

The  length  of  the  ba«e  line,  and  the  distance  from  each  station  to  its 
opposite  flag  being  known,  these  lines  were  plotted  on  a  large  scale,  100 
feet  to  an  inch.  A  table  was  then  computed  for  each  station,  giving  the 
departure  for  each  degree  and  parts  of  a  degree  of  a  line  revolving  on 
one  of  the  stations  a«  a  center,  and  cutting  a  perpendicular  to  the  base 
line  through  the  other  station.  With  this  table  the  position  of  both 
ends  of  the  path  of  any  float  was  easily  plotted  on  the  cross-section 
lines  by  means  of  a  scale  alone. 

Separate  sheets  were  plotted  each  night  for  every  five  feet  of  depth, 
and  from  them  it  was  readily  seen  where  more  floats  were  needed  in  the 
next  day's  operations.  The  positions  of  the  soundings  were  plotted  in 
the  same  manner. 

In  the  oflftce  the  same  method  was  followed.  The  base  line«  used  in 
the  gauging  were  connected  by  triangulation  with  the  old  lake  survey 
stations,  except  at  Ogdeusburg,  where  a  base  line  for  triangulation  was 
measured  by  wooden  rods  compared  with  the  standard  bar  of  the  base 
apparatus. 

The  base  lines  and  the  distance  across  the  river  were  carefully  com- 
puted, and  new  tables  constructed. 

The  following  table  shows  the  method  followed  in  the  final  computa- 
tion of  the  work.  It  gives  part  of  the  work  of  one  day  on  the  St.  Glair 
river : 


( 


954 


REPORT   OF   THE   SECRETARY    OF   WAR. 


TabU  of  computation  of  part  of  one  day* a  work  on  the  St,  Clair  rivtr. 


Date. 

• 

CB 
C 
« 

6 

9 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

29 

30 

31 

32 

33 

34 

35 

36 

Angle  at  npper  sta- 
tion. 

Angle  at  lower  sta- 
tion. 

a 
11 

c  *^ 

a 

11 

Distance  parsed  over 
by  floats. 

• 

a 

• 

1 

> 

• 

c 
« 

c 

e 
Q 

Fl 
5 

10 
10 
15 
20 
25 
25 
25 
25 
30 
.30 
35 
40 
5 
10 
10 
15 
20 
25 
25 
25 
25 
30 
30 
35 
40 
5 
5 
•10 
10 
10 
10 
15 
15 

Direction  of  wind. 

• 

Velocity  of  wind. 

-  S     "S* 

n    S            Ok 

Is    t' 

=  ^    i  -  8 
>        > 

• 

s 
« 

9 

tt 
b 

5 

t 

Jane  28,1867... 
Do 

O      1 

41  38 
41  36 
41  14 
44  53 

40  57 

41  25 

41  35 
40  10 

42  45 
40  18 
42  30 
40  42 
40  47 
52  16 
52  49 

52  32 

53  4U 

52  31 

53  02 
52  10 
52  24 

50  54 

51  48 
51  20 
51  58 
51  14 
66  21 
66  :i3 
66  40 
66  05 
66  17 
66  33 
66  30 
66  05 

0     / 

42  41 
42  23 

42  17 

43  53 
42  21 

42  32 

43  05 
(41I?)5I 

43  41 
42  17 
42  46 

41  50 

42  02 
53  35 
53  56 

53  05 

54  40 
5:1  55 
54  21 
54  tti 
53  56 
53  04 
53  39 

53  38 

54  01 
53  37 
69  00 
69  25 
69  15 
69  09 
69  21 
69  22 

Feet. 
514 
508 
506 
539 
507 
511 
52:1 

497 

535 

506 

516 

497 

501 

•  793 

804 

776 

828 

804 

817 

807 

804 

776 

796 

795 

806 

795 

1.564 

1.599 

1. 58.'» 

1,577 

1.593 

1,595 

Feet. 

532 

532 

.^20 

605 

513 

525 

529 

498 

555 

502 

549 

522 

533 

817 

839 

8..'8 

867 

827 

836 

815 

829 

764 

»>2 

777 

808 

783 

1,546 

1.562 

1,572 

1,523 

1,529 

1.562 

1,558 

1,523 

Feet. 
685 
685 

M.  S. 
2  33 
2  :u 

Feet. 
4.477 
4.44ft 

N.E. 

M. 

9.12 

8.5      3.0 

Fl 

LSI 

Do 

685  2  26     4. 692 

686  i2  38     4. 342 
685  2  47     4.  102 
685  2  30     4.  567 
6h5  J2  42     4. 229 
685  2  41     4.255 
685   2  39     4  308 

685  |2  47     4. 102 

686  2  57     3,  873 
686  2  46.54.  115 

686  ,2  59     a  830 
688  ;2  34     4.  465 
688  12  36.54.396 
61-9   2  39     l4.  331 
688  2  40     4. 299 

687  2  39.54.309 
687   2  42. 5  4. 204 
687    2  .T7     !4  .T7fi 

, 

::::::   :  :    ::: 

Do 

Do 

Do 

Do 

- 

Do 

Do 

Do 

N.E. 

8.00 

7.5     a: 

L« 

Do 

Do 

Do 

' 

Do 

i 

Do 

* 

Do 

Do 

Do 

1 

Do 

Do 

1 

Do 

687 
687 

2  43    '4.215 

a  47      4   1 14 

.... 

Do 

Do 

Do 

687   2  43.  54. 204 
687  ;2  53     3. 972 
687   2  52     3. 995 
687   2  49. 5  4. 045 

691  5  41     2.027 

692  6  04.  5  I.  901 

691  ,5  56     1.942 

693  l5  40     '2. 039 

694  6  32.51.771 

692  7  03.51.631 
691  17  QQ    Until 

N.E. 

4.30 

a  7     1.5 

L79 

Do 

Do 

•••••" 

1 

Do 

Do 

Do 

N. 

6l40 

6.0      2:0 

1.T8 

Do  ....  % . . 

Do 

\ 

Do 



t 

Do 

Do 



691 

5  39.  55  (H5 

In  the  first  column  is  the  date;  next,  the  number  of  the  float  firom  the 
commencement  of  the  day's  work ;  third  and  fourth^  the  angle  at  each 
station  between  the  float  and  the  base  line;  fifth  and  sixth^  the  distance 
of  the  float  from  each  station,  taken  from  the  table  spoken  of  above,  the 
argument  being  the  angles  given  in  the  preceding  columns;  sevetithj  the 
distance  traveled  by  the  float.  (This  is  a  variable  quantity,  because^ 
first,  the  distance  between  the  flags  was  not  exactly  the  same  as  the 
length  of  the  base  line;  and  also  because  the  path  of  the  float  was 
rarely  perpendicular  to  the  cross  lines.  The  first  difference  was  found 
by  a  simple  proportion,  and  the  second  by  a  table  giving  the  increase  of 
distance  for  every  foot  of  departure,  the  difference  of  the  distances  from 
the  stations  in  the  fifth  and  sixth  columns  showing  the  amount  of 
departure.)  Eighth^  the  time  of  passage  of  the  float;  ninth^  the  velocity 
of  the  float  per  second,  which  was  taken  from  a  computed  table  of 
which  the  arguments  were,  the  time  of  passage,  and  the  distance  trav- 
eled; tenth^  the  depth  of  the  float  beneath  the  surface;  eleventh  and 
twelfth^  the  direction  and  velocity  of  the  wind,  the  velocity  being  meas- 
ured by  a  llobinson's  anemometer  made  by  James  Green;  thirteenth  and 
fourteenth^  the  resultant  direction  and  velocity  of  the  wfnd  parallel  to 
the  current  of  the  river;  and fifteetith^  the  readings  of  the  water  gauge. 

A  system  of  planes  parallel  to  the  base  line,  200  feet  apart,  were  con- 
ceived to  pass,  dividing  the  river  into  divisions  according  to  the  method 
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opted  by  General  Humphreys,  tbe  divisions  nearest  the  banks  being 

bdivided  on  account  of  the  difterence  of  the  velocities  in  different 

.rt«  of  these  di\isions. 

An  inspection  of  the  fifth  and  sixth  columns  of  the  preceding  table 

11  show  in  what  division  each  of  the  velocities  will  fall. 

The  velocities  w^ere  tabulated  for  each  day,  and  each  five  feet  of  depth, 

d  the  means  for  each  depth  are  given  in  the  following  tables : 


Tables  of  mean  vdoeititt  in  tmek  division  and  at  each  Jive  feet  of  depth  in  feet  per  second, 

6TE.  MATtie  JUVER. 


Depths. 

1. 

2. 

a 

4. 

5. 

6. 

7. 

8. 

0.392 

0.600 
0.505 

0.795 
0.802 
0.864 
0.696 

0.P92 
0.869 
0.847 
a867 

0.976 
0.900 
0.761 

1.434 
1.308 
1.451 
1.288 

1.872 
1.782 
1.811 
1.735 
l..'>77 
1.730 

1.878 

1.914 

1. 921 

1.845 

1.719 

1.734 

0.392 

0.552 

0.789 

0.874 

0.879 

1.345 

1.751 

1.839 

Depths. 

9. 

10. 

11. 

12. 

la 

14. 

15. 

16. 

1.723 
1.653 
1.668 
1.618 
1.475 
1.552 
1.463 

1.458 
1.432 
1.398 
1.341 
1.119 

1.376 
1.230 
1.090 
1.028 
1.270 

1.194 
1.199 
1.141 
1.010 
0.898 

0.789 
a  828 
0.761 

0.538 
0.567 
0.514 

0.292 

0.205 

• 

! 

1.593 

1.350 

1.199 

1.088 

0.793 

0.540 

0.292 

0.205 

• 

ST. 

CLAIR 

RIVER 

• 

Depths. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

2.391 
2.612 
2.564 
2.687 
2.945 

4.149 
4.  076 
4.083 
a  801 
4.083 
a  693 
a  694 

4.468 
4.546 
4.313 
4.345 
4. 376  ' 
4. 092 
a  920 
a  912 

4.329 
4.432 
4.427 
4.176 
4.260 
a  878 
a  918 
a  846 
a  775 

4.200 
4.274 

4.082 
a  870 
4.074 
4.044 
4.  042 
a  880 
a  972 

a  741 
a  552 

a  609 

a6:» 

a  690 
a  668 
a282 
a  432 

a  346 
a  277 
3.3n5 
3.131 
a  171 

2.532 

2.396 

2.288 

2.101 

2.052 

1 

2.633 

a  939 

4.248 

4.115 

4.049 

a  577 

a  262 

2.274 

• 

NI 

AGARA 

RIVER 

• 

depths. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 



1.345 

l.«33 
1.7t)3 

3.106 
2.625 

3.282 
a  148 
3.240 
3.355 
3.172 
3.145 
3.101 
a  179 
2.927 
a  041 

a  267 
a  299 
a  327 
a  287 
a  266 

a  197 
a  150 

a  344 

2.978 

a  194 

a273 
a  092 
a  370 
a  242 

3.140 

a  189 
a  164 

2.900 
2.86:} 
2.477 

a  074 
a  058 

a  142 
a  on 
a  001 

3.056 

aoo4 

8.670 
2.717 

2.618 
2.952 
2.720 
2.8-26 
2.812 
2.787 
2.567 
2.518 

2.058 
2.153 
2.134 
2.029 
2. 232 
2.  103 
2.064 

1.715 
1.798 
1.845 
1.611 
1.882 
1.631 

1.459 
1.374 

1.018 

1.363 
1.651 
1.687 
i.iJ90 

"2.'789" 
2.278 
2.383 
2.7-29 
2.  7-24 
2.470 
2.  512 
2.137 

*i.  200 

0.889 

.    _ 

•  •     •••^. ....... 

0.813 

1. 431 

2.569 

a  159 

a  231 

a  071 

2.970 

2.725 

2.110 

1. 7 17 

1.011 
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TabU  of  mean  vdocities  in  each  divisUm^  8fc, — Continued. 

ST.  LAWRENCE  RIVER. 


Knmber. 

I. 

2. 

3. 

4. 

5. 

6. 

7. 

& 

9. 

5 

0.5250 
0.5380 

0.9794 
0.9502 
0.9280 
0.8998 
0.  87-*>0 
0.8792 
0.8460 
0.8165 

1.1445 
1,1297 
1.11895 
1.  UKX) 
1.0608 
1.0432 
0.9896 
0.9984 
0.9429 
0.9882 

1.3600 
1.3.500 
1.2897 
1.2595 
1.2196 
1.2262 
1.2052 
1.1716 
1.0884 
1.1630 
1.0413 

1.4627 
1.4532 
1.  4245 
1.3650 
1.4102 
1.3435 
1.3182 
1.29O0 
1.2662 
1.2577 
1.1060 

1.4405 
1.3880 
1.3465 
1.3500 

1.2880 
1.2465 
1.2480 
1.2002 
1.  I85Q 
1. 1470 

1.3406 
1.3534 
1.2918 
1.2760 
1.3066 
1.2712 
1.2360 
1.1908 
1.2144 
1. 1610 
1.1590 

1.3463 
1. 3i  62 
1.2642 
1. 2440 
1.2462 
1.2362 
1.  1975 
I.  172;^ 
1. 1195 
1.0600 

1.3214 

10 

1.3254 

15 

1.2823 

20 

25 

1.2TO) 
1.2386 

30 

L213e 

35 

i.ieso 

40 

1.15^8 

45 

1.1S0 

50 

1.10% 

55 

a  5315 

0.8964 

1.4497 

1.2068 

1.3361 

1.277J 

1.2553 

1.2192 

1.2206 

Number. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

5 

1.2342 
1.2366 
1.2390 
1.2356 
1.2104 
1. 17J6 
1.1400 
1.1332 
1.0540 

1.1950 
1.1660 
1. 1724 
1.1282 
1.0806 
1.0672 
1.0456 
1.0632 

1.1830 
1. 1240 
1.0688 
1.0345 
0. 9625 
0.9165 
0.8720 

1.0505 
0.9772 
1.0002 
a  9720 
0.9287 
0.8366 

0.9785 
0.9272 
0.9228 
0.8708 
0.8223 

0.8760 
0.8560 
0.7660 
0.7163 

0.6065 
0.5016 
1.4^80 

0.3675 
0.4660 
0.3190 

a28?o 

10 

L4fi70 

15 

20 

25 

30 

35 

40 

45 

50 

55 



Meani 

1.  1838 

1.1148 

1. 0202 

0.9608 

0.9043 

0.8036 

o.r4>20 

0.3912 

assTO 

The  area  of  the  cross-section  oif  each  end  of  the  several  divisions 
was  then  found  from  the  soundings  and  the  mean  middle  area  taken. 
The  mean  areas  for  the  lines  on  which  the  soundings  were  taken  are: 

Mean  areas  of  each  division, 
ST.  MARY'S  RIVER. 


1. 

2. 

a 

4. 

5. 

6. 

7. 

8. 
8107 

9. 

10. 

11. 
5440 

12. 

13. 

14.         15.  ^ 

1 

Ifi. 

950 

3350 

5170 

5170     5130 

5237 

6493 

1 
7203  i  6010 

5277 

4979 

42.'%      3238 

1 

im 

ST.  CLAIR  RIVER. 


1. 

2. 

3.    . 

4. 

5. 

6. 

7. 

8. 

8682 

7938 

8833 

10335 

10206 

9636 

5247 

TO43 

NIAGARA  RIVER. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

7301 

13880 

11362 

10474 

10068 

9774 

9652 

8594 

7568 

<im 

ST.  LAWRENCE  RIVER. 


1. 


4. 


6. 


7. 


6. 


9. 


5064 


19000 


82050 


24600 


25700 


24900 


23610 


22150 


S1350 
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Mean  areag  of  each  division — Continued. 
ST.  LAWRENCE  RIVER. 


10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

20900 

17850 

14450 

12640 

11320 

10130 

» 

8400 

5500 

1025 

Tbese  mean  areas  were  corrected  for  each  day,  by  the  amount  of  the 
rise  or  fall  of  the  water,  as  shown  by  the  gauge. 

The  areas  at  each  end  of  the  divisions  being  somewhat  different,  it 
was  thought  better  to  use  the  mean  area,  particularly  as  the  velocity 
obtained  by  the  floats  was  that  of  the  whole  distance  between  the  cross- 
sections,  and  was  therefore  more  properly  used  as  the  velocity  past  the 
middle  than  past  either  end  of  the  divisions. 

The  discharge  in  each  division  was  obtained  by  multiplying  the  mean 
velocity  for  each  day  by  the  mean  area,  plus  or  minus  the  correction  for 
the  height  of  the  water  for  the  day.  These  amounts  are  given  in  the 
columns  in  the  following  table,  and  the  means  show  the  mean  discharge 
in  each  division : 
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lave  not  attempted  to  fill  the  blanks  in  the  tables  by  interpolation, 
tie  observations  are  as  yet  too  limited  to  discuss  the  form  of  the 
;ity  curves. 

e  velocity  in  a  vertical  plane  seems  to  be  different  for  each  of  the 
5  of  observation,  and  in  none  is  the  data  sufficient  to  clear  the  curve 
eat  irregularities. 

lc  velocity  curves  in  the  horizontal  planes  are  given  in  Figs.  9-11, 
which  it  will  be  seen  that  these  curves  approximate  more  nearly  to 
lipse  than  to  a  parabola. 

lc  latter  was  the  form  to  which  General  Humphreys  reduced  the 
es  on  the  Mississippi. 

it  it  will  be  better  to  defer  all  discussion  of  this  branch  of  the  sub- 
iintil  we  have  more  extended  observations. 

le  boundary  line  of  the  water-shed  of  the  lakes  is  shown  by  the  dot- 
ine  on  the  accompanying  map. 

le  water-shed  was  measured  to  the  headwaters  of  all  streams  empty- 
nto  the  lakes,  as  shown  by  the  land-survey  maps, 
the  following  table  is  given,  in  square  miles,  the  water-shed  and 
ice  of  the  open  water  for  the  several  lakes  and  connecting  rivers: 


Superior 

!arie*8  river 

Michigan 

Huron 

lir  river 

St.  Clair 

it  river 

Erie 

lakes  south  of  Lake  Erie... 

ra  river 

Ontario 

wrence  river 

lakes  north  of  Lake  Ontario 


Lake  surface. 

Water-shed. ' 

38,875 

51,630 

150 

830 

20,838 

37,678 

29,383 

31,712 

25 

3, 8G3 

427 

3,425 

25 

1,225 

9,522 

21,371 

1,350 

15 

300 

7,181 

21,587 

40 

1.95U 

800 

le  rain-fall  at  various  places  on  or  near  the  water-shed  of  the  lakes 
ven  below.  This  table  is  compiled  from  the  Smithsonian,  army, 
nto,  and  other  meteorological  reports,  and  from  the  records  in  this 
^    These  amounts  are  also  marked  upon  the  map. 

Table  of  rain-fall  in  the  lake  region. 


ao84:< 


0.0753 


61  w— Part  n 
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Tabu  of  rain-fall  in  the  lake  region — Continued. 


Lakes. 


Eri9. 


Ontario 


Places  of  obsenratioii. 


«M     > 


s 


Detroit,  Michigan 

Monroe,  Michigan 

Oberlin,  Ohio 

Clt-vdan-l,  Ohio 

HndKoo,  Ohio 

Buffalo,  New  York 

Fort  Niagara,  New  York . . . . 
Toronto,  Ontario.  (Canada)  . 

Rochenter.  New  York 

Penn  Yan,  New  York 

Charlotte,  New  York 

Sackett'8  Harbor,  New  York 


9 
8 
3 
9 
9 
9 
8 
8 
4 
6 
8 
8 


Jneke* 
39. 2 
30.7 
33.3 
37.9 
33.6 
32.6 
26.8 
36.4 
3S.6 
28.7 
29.8 
35w8 


•  J? 


Ineku. 
32.84 


"a? 


1 


31.85 


Q.oe» 


ii.V!i 


It  is  to  be  regretted  that  these  observations  are  not  more  extendedj 
especially  that  we  have  no  records  for  the  country  to  the  northward  of 
the  lakes. 

As  the  rain-fall  generally  lessens  as  we  go  north,  the  amounts  given 
in  the  table  are,  therefore,  probably  too  great. 

The  following  table  gives  the  total  amount  of  rain-fall  on  the  water- 
shed and  lake  surface,  and  its  ratio  with  the  discharge  : 


Section. 


Lake  Superior , 

Lakes  Michigan  and  Huron 

Lake  Erie 

Lake  Ontario 


M 

■o 

a  « 
^  o 

?2 

b 

Si 


Sq.  miUs. 

90,505 

121,941 

40,298 

31,558 


a 

I 


Jnckef. 
0.0774 
0.0798 
a0899 
0.0872 


•      • 
b  b 

CB  • 

« 

g 

'M 

i! 

O'-^jn 

b 

O—^ 

9 

■s  ^ 

Ok 

=§a 

IS 

ill 

• 

a 
"2 

PS 

etf 

Cubic  feeL 

Cubic  feet. 

16.274,220,824 

188,359 

22,606,807,240 

261,653 

8.416,676.470 

97,415 

6, 393, 116, 177 

73,994 

I 

a 

u  a 
go 

b  ^ 

a  a 


a 
fiJA 

fa 


mm 

s 


S   b 

11 


Cubic  feet. 
188,359 
450,012 
517,427 
621,  4S1 


Cubic  fett. 

90,783 

233.726 

242,^4 

325.839 


c 
as 


a43 

a  44 
as 


The  daily  amount  of  rain-fall  was  used  for  convenience  in  computation^ 
and  in  the  fifth  column  the  total  amount  of  rain  received  on  the  water- 
shed and  surface  of  the  several  lakes  is  given  for  each  second. 

For  comparison  with  the  discharge  of  each  section  in  the  sixth  column 
these  amounts  are  added  together  in  sequence.  The  discharge  given  in 
the  seventh  column  is  corrected  for  the  difference  of  the  height  of  the 
water  during  the  times  of  gauging. 

This  is  obtained  from  the  table  previously  given  of  the  readings  of  the 
water-gauge,  the  difference  in  the  mean  height  at  STiagara  and  Ogdens- 
burg  during  the  time  of  gauging  the  Ste.  Marie's  q«id  St.  Clair,  and  dur- 
ing the  time  of  gauging  the  former  places,  being  multiplied  by  the  proper 
cross-section  and  the  product  a<lded  to  the  amounts  obtained  for  those 
places. 

The  last  column  gives  the  ratio  of  the  discharge  to  the  drainage.  This, 
it  will  be  noticed,  is  the  same — 52  per  cent,  for  Lakes  Huron,  Michigan, 
and  Ontario — while  for  the  others  it  is  much  smaller. 

In  order  to  ascertain  why  this  difference  arises,  it  is  necessary  to 
find  what  portion  of  the  rain-fall  is  lost  on  land,  and  what  by  evapora- 
tion from  the  lake  surface. 
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The  question  of  evaporation  can  generally  be  omitted  in  computing 
the  discharge  of  large  rivers,  for  their  surface  is  so  small  in  proportion 
to  the  volume  of  water  passing  through  them  that  this  loss  is  practically 
inappreciable. 

But  the  lakes  are  widely  extended  and  joined  by  small  rivers ;  and 
this  great  expanse  of  water,  moving  with  har(yy  a  perceptible  current, 
is  exi>osed  to  the  direct  influence  of  the  sun,  and  in  calm  wea-ther  the 
loss  of  water  from  this  cause  is  very  great. 

In  my  report  on  the  meteorology  of  the  lakes  I  have  given  the  amount 
of  evaporation  at  various  places,  and  have  also  shown  how  a  close  approx- 
imation to  its  value  can  be  obtained  when  the  rain-fall  and  mean  tem- 
perature are  known. 

In  the  following  table  the  amount  of  evaporation  from  the  surface  of 
the  6ev«*al  lakes  is  given  for  each  day  and  each  second,  and  the  latter 
is  8ubtra<;ted  from  the  amount  of  rain-fall  given  in  the  previous  table: 


Section. 


Lake  Saperior 

Xfikeis  Michigan  and  Horon 

LalceErie 

Lake  Ontario 


0 


2 


1 

i. 

cS 

Q 


Sg.  miles. 

38,875 

51,721 

10,114 

8,021 


Inches. 
0.043« 
0.0637 
0.0672 
0.0631 


c  o 

♦•  a 

is 

>^ 

=  8 

O 


Cubic  feeL 
3,  946, 785, 455 
7,  654. 078,  571 
1, 579, 988.  000 
1, 175, 839, 788 


• 

•63 

s 

§d 

u 

tJ  o 

& 

*  a  a 

l§ 

t*  k  ® 

e' 

1 

ill! 

S-- 

Cubic  feet. 

Cubic  feet. 

45.  680 

142,679 

88,589 

315.743 

18,275 

394,883 

13.609 

455,268 

e 
to 


« 
« 


Cubic  feet. 

90,783 

233,726 

242.894 

325,839 


0.64 
0.74 
0.61 
0.78 


A  more  diflftcult  and  uncertain  problem  is,  how  much  of  the  rain-fall 
on  the  land  reaches  the  lakes. 

The  amount  of  water  required  for  vegetable  growth  is  very  large. 
Saussure  states  that  10,000  sunflowers  can  be  grown  to  an  acre,  and  that 
each  plant  exhales  230  pounds  of  water  in  four  months.  Cabbages  throw 
out  about  the  same  amount,  and  a  wheat  plant  loses  113,527  grains  of 
water  in  172  days. 

The  water  thus  required  for  sunflowers  would  amount  to  over  teH 
inches  in  depth  for  the  four  months,  and  the  wheat  would  need  nearly 
the  same  amount. 

Mr.  I.  A.  Lapham.  LL.D.,  of  Milwaukee,  in  his  report  to  the  legisla- 
ture of  Wisconsin  on  the  destruction  of  forest  trees,  estimates  from  the 
amount  of  earthy  matter  contained  in  natural  water  that  "  a  rain-fall  of 
nine  iuches  would  be  required  to  supply  the  wat^er  which  must  necessa- 
rily be  consumed  to  produce  the  mineral  matter  annually'  formed  or 
deposited  in  the  tissues  of  plants.'^  Thus  it  will  be  seen  that  fully  one 
fourth  of  the  water  which  falls  in  this  latitude  is  required  for  the  growth 
of  the  ordinary  vegetation. 

In  the  States  of  Michigan  and  Wisconsin  are  hundreds  of  small  lakes 
or  ponds  which  drain  a  large  extent  of  country,  and  many  of  which  hare 
no  \i6ible  outlet.  In  these,  therefore,  the  evaporation  is  nearly  or  quite 
equal  to  the  amount  of  water  drained  into  them,  and  will  thus  decrease 
the  amount  received  into  the  lakes  from  the  water-shed. 

Again,  a  certain  amount  must  be  evaporated  from  the  surface  of  the 
ground,  and  from  the  rivers  and  streams.  At  least  one-fourth  more  of 
the  rain-fall  must  be  lost  in  this  manner.  General  Humphreys  gives  in 
his  report  a  table  of  the  ratio  of  rain-fall  and  discharge  in  various  locali- 
ties. Part  of  these  are  of  the  Mississippi  river,  which,  in  its  lower 
reaches,  runs  through  low  and  swampy  land,  and  part  aT^Qi^^^\i^\^^ 
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moor  and  fen  lauds.  Omitting  these  as  not  comparable  with  the  country 
surrounding  most  of  the  h^kes,  there  remain  14  places  which  give  a  mean 
ratio  of  55  per  cent. ;  that  is,  the  discharge  is  equal  to  55  per  cent,  of  the 
rain-fall,  which  would  be  about  the  same  as  is  estimated  above.  The 
discharge  of  the  Thames  river,  England,  is  estimated  at  only  one-third  of 
the  rain-fall,  which  is  also  the  amount  generally  accei>ted  by  hydi'aulic 
engineers. 

In  the  Ibllowing  table  I  have  taken  one-half  of  the  rain-fjdl  on  the 
water-shed  and  subtracted  it  from  the  amount  of  drainage  given  in  the 
last  table: 


SectioD. 


Lake  Superior 

Lakes  Michigan  and  Huron 

Luke  Erie 

Lake  Ontario 


0 

-a 


a  u 
Sob 

*c  « 

5c' 


"S  ® 

O'  s  & 
.C   OJ3 


«   .    i 


Sq.  mile$. 
51,630 
70.220 
30.184 
23,537 


Inches. 
0.03«7 
0.0399 
0.0450 
0.0436 


Cubic  feet. 
4,641,943,011 
6,  509, 100, 000 
3,152,751,450 
2, 384, 098,  352 


Cubic  feet. 
53,726 
75.337 
36,490 
37.594 


SI 

a 


a 
o 


tea. 

II 


B 

t:  as 


Cit&tc  /frt.  Cvfric  /(Mt 


88, 1)53 
186,680 
229.330 
962.121 


90,7d3 
233,736 
242,894 
3:^5,839 


a 

\i 
II 

■OS 


s 


l.(B 
l.S 
L« 
1.3i 


Here  it  will  be  seen  that  the  ratio  exceeds  unity ;  that  is,  that  the 
amounts  now  taken  from  the  water  received  are  too  great.  I  have,  there- 
fore, in  the  following  table,  worked  back,  and  found  the  i)ercentage  of 
rain  required  to  be  subtracted  to  make  the  drainage  and  discharge- 
equal. 


Lakes. 


cd  s 
o  • 

t  « 

o 


a 

Sd 

S  o 

a* 

11 
e  a 


iS 


Lake  Superior 

Lakes  Michigan  and  Huron 
Lake  Erie 


0.40 
0.32 
0.45 
Lake  Ontario i  0.33 


Cubicfeet. 

51,577 

82,410 

151. 125 

130.202 


o 

9     . 

US  a 

<i  o 

as  V 

bZ 

c 


& 


Cubicfeet. 

91.102 

233,333 

243, 758 

345,066 


1  = 

6e  o 


.fi 


Cubic  feet. 
.90L783 
233,726 
d42,8»4 
325.839 


1.QI 
l.OP 
1.00 
1.00 


Here  we  see  that  in  the  first  section  52  per  cent,  of  the  rain-fall  is  dis^ 
charged,  and  in  the  third  section  55  per  cent.,  while  in  the  second  and 
fourth  sections  68  and  67  per  cent.,  respectively,  is  required.  This  would 
seem  to  show  that  there  must  be  some  source  of  sui)ply  beside  the  rain 
for  Lakes  Michigan,  Huron,  and  Ontario.  That  tha:^'are  subterraneaii 
rivers  near  the  lakes  is  shown  by  the  salt  wells  of  St.  Clair  and  Sagi- 
naw, and  particularly  by  the  artesian  well  at  Chicago,  where  the  water 
rises  125  feet  above  the  surface  of  Lake  Michigan. 

The  curves  of  the  height  of  the  water  through  a  series  of  years  show 
that  Lake  Ontario  is  apparently  affected  in  some  manner  different  from 
Lake  Erie,  for  the  water  will  at  times  be  high  in  the  former  when  it  is 
comparatively  low  in  the  latter.  Lake  Michigan  shows  the  same  differ 
ences,  but  in  a  less  degree ;  but  Lake  Erie  interAcnes  between  the  sec- 
ond and  fourth  sections,  and  it  does  not  seem  to  be  affected  in  the  same 
manner.    In  tad  t\v^  OA^^\^\i^^  between  the  amount  of  water  dischaiged 
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at  Niagara  and  St.  Clair  is  much  less  than  the  amonnt  of  rain  received 
on  the  water-shed,  less  the  amount  of  evaporation  on  Lake  Erie. 

Cubic  feet 
per  second. 

Discharge  at  St.  Clair 233,726 

Discharge  at  Niagara 242,894 

Difference 9,168 


Amount  of  rain-fall  on  the  water-shed  of  Lake  Erie,  less  the  evapora- 
tion of  the  lake,  161,801  cubic  feet  per  second,  or  about  six  hundredths 
per  cent. 

From  this  it  would  seem,  if  these  estimates  are  correct,  that  there  must 
be  an  escape  of  water  from  Lake  Erie  into  Lake  Ontario  otherwise  than 
by  Niagara  river. 

But  all  such  calculations  are  rather  premature,  for  the  more  extended 
series  of  observations  to  be  made  the  coming  season  may  change  the 
amount  of  discharge  found  for  one  of  these  places. 

In  the  summer  of  1841  Messrs.  Z.  AUen  and  E.  E.  Blackwell  {vide  Sil- 
liman's  Journal  No.  46,  first  series,  p.  67,  sequel)  made  a  few  observa- 
tions on  the  current  of  Niagara  river  at  Black  Rock  harbor  above  the 
falls  by  means  of  surface  floats.  They  computed  the  discharge  by  means 
of  Eytelwein's  formula,  and  found  it  to  be  374,000  cubic  feet.  There 
being  apparently  some  mistake,  I  had  the  discharge  recomputed  from 
their  notes,  and  also  using  the  soundings  given  by  the  lake  survey  on  the 
Buffalo  harbor  chart,  which  were  in  some  cases  a  little  smaller  than  those 
they  give. 

Their  method  of  observation  was  the  sounding  of  three  cross-section 
lines,  one-eighth  of  a  mile  apart,  and  the  velocity  of  surface  floats  was 
found  in  five  places  between  the  first  and  second  and  the  second  and  third 
lines ;  thus,  as  they  say,  gi^ing  the  surface  velocity  of  the  current  in  10 
places  but  in  reality  only  in  five. 

In  our  computations  the  river  was  di\ided  into  divisions  between  the 
places  where  the  velocities  were  observed,  and  the  velocity  of  the  cur- 
rent between  the  last  velocity  given  on  each  side  and  the  shore  was  found 
by  plotting  the  several  velocities  and  drawing  a  curve  which  would  come 
the  nearest  to  them  and  the  ends  of  the  cross-section.  (This  appeared 
to  be  an  ellipse.) 

Then  taking  on  this  curve  a  point  half  way  between  the  last  velocity 
on  each  side  and  the  shore,  I  called  that  the  velocity  of  the  first  and  last 
divisions. 

The  computations  are  given  in  the  following  table. 

TahU  of  discharge  at  Black  Rock  harbor ^  Niagara  river^  ]841. 


Division. 

Velocity  in 
milfs  per 
bonr. 

Velocity  in 
feet    per 
i»eoond. 

Of  mean 
croBS'Secti'n. 

Discharge 
per  second. 

1 

Milett. 
4.403 
6.217 
&901 
7.090 
6.368 
4.633 

Feet. 
6.455 
9.118 
10. 121 
10.399 
9.340 
6.795 

Square  feet. 
3,950 
4,905 
4.611 
8.455 
4,008 
3,978 

Cubic  feet. 
25,497 

2 

44.724 

3 

46.666 

4    

87.923 

5 

6 

37,434 
27,031 

Total 

269,277 
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Taking  lO-elevenths  of  the  above,  according  to  the  formula  of  Eytel 
wein's,  we  have  for  the  total  discharge  244,797  ;  or,  corrected  for  the  dif- 
ference of  the  level  of  the  water  in  1841  and  1867,  245,797  cubic  feet 
This  it  will  be  seen  is  only  about  2,000  cubic  feet  more  than  the  amount 
given  in  the  foregoing  tables. 

In  1856  the  parties  surveying  the  St.  Clair  Flats  made  a  few  obaem 
tions  on  the  velocity  of  the  cui-rent  in  three  of  the  passes,  the  iiortli, 
(including  both  mouths,)  the  middle,  and  the  south.  The  discharge  aa 
computed  from  these  observations  amounts  to  212,325  cubic  feet 

There  are  two  other  passes,  the  Junitogen  and  the  Sincardy,  as  they 
are  called  in  the  sailor's  jargon;  but  they  are  both  small  and  but  little 
water  passes  through  them. 

These  are,  I  believe,  the  only  attempts  ever  made  to  ascertain  the 
amount  of  water  flowing  through  the  lakes. 

As  geologists  think  they  have  discovered  an  old  channel  by  which  the 
water  from  Lake  Erie  was  drained  into  Lake  Ontario  before  the  present 
falls  existed,  it  is  rather  a  curious  problem  to  ascertain  how  long  the 
lake  would  be  filling  up  to  its  present  level,  supposing  it  had  been 
drained  and  then  the  outlet  blocked  up. 

The  mean  depth  of  the  lake  is  about  50  feet;  this  multiplied  into  the 
8urfa<5e  given   in  a  pre\aous   table  would   give   its  cubic  contents, 
1,174,847,567,578   cubic  feet.     This    divided  by  the  discharge  of  St 
Clair  shows  that  nearly  58  days  and  two  hours  would  be  required  to  fill  | 
the  lake.  I 

The  daily  amount  of  water  at  pi^esent  brought  by  the  Croton  mains  for  | 
the  supply  of  the  city  of  New  York  is  90,000,000  gallons;  this  would  he 
supplied  in  less  than  37  seconds  by  discharge  of  the  lakes  at  Ogdensburg- 
Very  respectfully,  your  obedient  servant, 

D.  FAREAND  HENRY, 

Asmstant  Lake  Surve^^ 

Brevet  Brig.  Gen.  W.  T.  Raynolds, 

In  charge  of  Lake  Survey. 


Appendix  W  e. 

REPORT  ON  THE  SURA'EY  OF  THE  NORTHERN  AND  NORTH^l'ESTEBJ 

LAKES. 

Sir:  I  have  the  honor  to  submit  the  following  reiK)rt  on  the  met€«r 
ology  of  the  lakes  for  the  past  year. 

I  have  not  been  able  to  give  as  much  attention  this  winter  to  tliw 
department  as  it  really  needs,  on  account  of  my  time  being  taken  up  by 
the  reduction  of  the  observations  on  the  outflow  of  the  lakes. 

Last  summer  I  visited  and  inspected  most  of  the  stations,  and  changes* 
some  of  the  instruments.  I  also  set  up  a  self-registering  tide-gange  aJ 
Charlotte,  on  Lake  Ontario.  i 

I  found  almost  everything  in  good  ord^r,  and  the  observers  generally; 
doing  very  well. 

New  instruments  will  be  needed  by  some  of  them  this  yenr^  ^ 
self-registering  water-gauges  should  be  established  on  the  two  lak* 
(Lake  Huron  and  Lake  Erie)  now  without  them. 

I  give,  in  accompanying  tables,  the  general  reductions  of  the  meteor- 
ological observations  for  the  year  1867,  arranged  and  computed  as  usual 

Bvt.  Brig.  G^n.  W,  E.  Raynolds, 

I'a  cVittvcje  Loike  ^uTxe\|» 
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I  also  give  the  maxima,  minima,  and  mean  of  the  barometer  and  ther- 
mometer, and  the  amount  of  rain  since  the  commencement  of  the  obser- 
vations. 

The  following  table  gives  the  mean  temperature  for  each  of  the  places 
grouped  according  to  their  latitudes: 


Statloni. 

Latitude. 

Longitude. 

Temperatare. 

Mean.      Raage. 

Ontonaflron .........................^.^.r 

o      /      '/ 

46  52  30 
46  46  30 
46  32  51 
45  02  13 
44  15  57 
43  55  00 
43  15  00 
43  13  54 
43  05  00 
43  03  00 
42  53  00 
42  19  58 
41  53  36 
41  30  00 

O       1      II 

89  30  30 
92  03  98 
87  22  57 
83  02  34 
83  .30  54 
75  57  00 
79  55  00 

77  51  00 

86  13  53 

87  55  00 

78  55  00 
83  00  00 
83  19  26 
81  47  00 

39. 8             135 

Superior •• 

38.2             137 

Maranette .............................................. 

41. 1              US 

Thnndw  Bay  island  - 

42.5             lU 

Tawfui  City 

44.4             US 

Sackett's  Harbor 

4L7           la 

Fort  Niaarara 

46.4 

47.5 
47.6 
4&9 
46w9 
48.4 
49.5 
48.9 

Iffi 

Charlotte 

120 

Grand  Hayen 

10? 

Milwaakee 

127 

Buffalo 

ll£ 

Detroit 

117 

Monroe  City 

131 

Cleveland  - 

111 

In  the  following  table  the  stations  are  grouped  according  to  their  ele- 
vation above  the  sea  and  the  mean  and  range  of  the  barometer  given : 


Stations. 


Marquette 

Superior 

Ontona^n 

Cleveland 

Thunder  Bay  island 

Milwaukee 

Grand  Haven 

Tawas  City 

Buffalo 

Detroit 

Monroe  City 

Charlotte 

Sacketfs  Harbor  .. 
Fort  Niagara 


Height 
above 
the  sea. 


710 

660 

6:50 

6^9 

610 

604 

588 

583 

569 

562 

551 

272.5 

265.6 

262.5 


Barometer  -(-  28  in. 


Mean. 


1.226 
1.301 
1.306 
1.322 
1.355 
1.357 
1.369 
1.353 
1.370 
1.366 
1.326 
1.728 
1.688 
1.741 


Range. 


2.178 
2.126 
2.216 
1.99i 
2.079 
2.056 
1.^ 
2.5r)2 
2.136 
2.161 
2.093 
2.310 
2,182 
2.129 


There  are  several  curious  anomalies  in  this  table,  but  none  of  mach 
consequence. 

Kaemtz,  in  his  Meteorology,  states  that  the  iso-barometric  line  of  1.066 
inch  cuts  the  east  coast  of  America  at  46°  58'  north  latitude,  and  that 
of  0.888  at  410  40'.  That  is,  the  ami)litude  of  the  bfOrometer,  or  difference 
between  the  maxima  and  minima,  would  be  equal  to  the  above  quantities 
in  the  latitudes  named.  As  these  were  about  the  limits  of  the  places  of 
observation  on  the  lakes,  1  have  constructed  the  following  tables  of  the 
monthly  amplitude  of  the  barometer  at  the  several  stations  for  the 
different  years.  As  the  observations  were  only  taken  tri-daUy,  we  have 
not,  of  course,  the  true  maxima  and  minima,  and  therefore  the  ampli- 
tu  de  given  is  smaller  than  the  true  amplitude  of  the  places. 
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lable  ihowing  the  amplUuiU  of  the  barometer  for  each  month  and  year  at  the  several  lake 

survey  meteorological  stations. 


Year. 


i 


E 

.a 


Milwaukee,  Wie. 


1859 

1860 

1861 

leea 

18«3 

1864 

1865 

ie«i6 

1867 


Mean. 


Grand  Haven,  Mick, 


1659. 
1860. 
1861. 
1862. 


1.119!  1.223 
1.225  1.365 
0.941;  1.125 
1863 0.940  0.990 


1.245 
1.196 
a  960 
0.898 
0.991 
0.733 
1.820 
1.077 


=5 


1.341 
1.132 
1.232 
1.081 
1.276 
0.979 
0.094 
1.147 


1.115   1.148 


Mean. 


Superior,  Wii. 


1859. 
1860. 
1861. 
1862. 
1863. 
1864. 
1865. 
1866. 
1867. 


Mean. 


Ontonagon,  Mich. 


1859. 
1860. 
1661. 
1862. 
1863. 
1864. 
1865. 
1866. 
1867. 


1.050 
1.133 
0.978 
0.828 
0.987 
1.015 
1.168 
0.999 


1.020 


0.967 
1. 328 
0.893 
0.832 


1.488 
0.773 
0.964 
0.978 
0.590 
1.092 
0.789 
0.716 


0.844 
1.306 
0.839 
0.720 
0.607 
0.682 
0.834 
0.694 


0.924 


0.816 


1.299 
0.879 
0.846 
0.976 


1.056   1.176   1.005  1.000 


1.447 
1.111 
0.862 
1.118 
1.160 
0.737 
1.359 
1.035 


1.104 


Mean. 


Marquette,  Mick. 


1859... 

I860... 

1861... 

1862... 

1863... 

1864... 

1865.. 

1866... 

1867... 


»•••••• 


AA  01111    •••«••! 


Thunder  Bay  Island, 
MicL 

I860 

1861 

1862. 


1.314 
1.139 
1.789 
1.045 
1.193 
1.351 
1.515 
1.U56 


1.300 


1.068 
1.155 
0.969! 
1.369| 
1.009 
1.082 
1.205 
1.245 


1.140 


1. 169i 
1.290 
0.9071 
a956i 
1.011 
1.013 
1.312 
0.947 


1.116 
1.138 
0.831 
0.753 


0.959 


1.077 


1.317 
1.203{ 
0. 9521 
1.379 
1.067 
0.977 
1.2a') 
1.236 


1.393 
0.929 
0.907 
1.151 
0.591 
1.633 
1.136 
0.809 


0.961 
1.503 
0.704 
0.780 
0.775 
0.781 
0.873 
0.794 


a 


■ 

m 
& 

i 
t 

1 

9 

0 
< 

I 

a 

4; 

> 


0.871 
0.591 
0.614 
0.787 
0.724 
0.620 
0.795 
0.772 


0.722 


0.937 
0.490 
0.702 
0.781 


0.781 
a  612 
0. 576 
0.4941 
a  557 
0.6341 
a  581 
0.530: 


0. 448 
0.  486 
0.455' 
0.650; 
a  7201 
0.654' 
0.5041 
0.644' 
0.5561 


0.910 
0.849 
0.711 
0.642 
0.833 
0.647 
0.693 
0.714 
0.659 


a  596   0.566  0.740 


0.727 


1.069 


1.167 


1.166 
1.427 
1.030 
1.054 
0.  9.')7: 

i.ajsi 

1.284' 
0.958; 


0.896 


1.367 
0.916 
0.736 
1.083 
0.  612 
1.496 
1.054 
0.771 


0.887 
1.683 
0.687 
0.777 
0.842 
0.818 
0.898 
0.772 


1.1141  1.004 


1.230 
1.148 
1.037 
1.010 
l.l.W 
0.815 
1.691 
0.980 


1.133 


0.9i7 
1.191 
1.222 
1.001 


1.234 
1.106 
1.031 
1.275 
1.119 
0.836 
1.241 
1.184 


1.128 


1.173 
1.239 
1.173 
1.041 


1. 163 
1.462 
L102 
1.065 
1.057 
1.038 
1.266 
1.137 


1.161 


1.829 
1.039 
1.304 
0.932. 


1.341 
1.041 
1.031 
1.036 
0.628 
1.292 
1.002 
0.815 


1.023 


1.218 
1.503 


0.920 


0.859 
1.466 
a728 
0.790 
0.745 
a  857 
a  782: 
0.690 


0.887 
0.632 
0.761 
0.765 
0.736 
0.696 
a968 
0.824 


0.785 


0.768 
0.701' 
0.  513 
a  5081 


a  617 


0.988 
0.613 
0.688 
0.591 
0.545 
0.775 
0.840 
0.662 


0.713 


1.268j 
0.876 
0.678 
1. 010 
0.948 
0.709 
0.898 
0.696 


0.885 


0.865 


0.814 
0.783 
0.757 
1.115 
a  776 
0.739 
0.892 
0.778 


0.832 


a  975 
0.839 


1.003;  1.163 


0.833 
a  911 
0.766 


1.041 
0.563 
0.658 
0.610 
0.717 
0.731 
0.700 
0.003 


0.603 


0.892 
0.922 
0.621 
a  620 
0.667 
0.621 
0.733 
0.603 
0.743 


0.714 


a  971 
0.901 


0.510 
0. 437i 
0.656 


0.868 
0.847 
0.762 
0.640 


0.534  0.779 


0.622 
0.570 
0.525 
0.759 
0.612 
0.812 
0.626 
0.759 
0.576 


0.909 
1.136 
1.121 
0.861 
0.812 
0.736 
0.833 
0.756 
1.047 


0.826 
1.034i 
1. 128i 
1.000 
1.229 
0.860 
0.781 
1.208 
1.021 


1.239 
1.091 
0.9r2 
1.124 
1.034 
0.990 
1.256 
1.142 
1.  lOV 


I.OIO    1.106 


0.792  1.276 

0.7471  1.019 

1.029  1.038 

0.87*  1.324 


0.860i  1.164 


0.651!  0.912 


0.655 
0.657 
0.576 
0.709; 
0.582 
0.803 
0.553 
0.763 
0.694 


0.666 


0.551 
0.646 
0.641 
0.673 
0.770 
0.722 
0.628 
0.721 
0.564 


0.948 
1.093 
1.137 
0.934 
0.817 
0.812 
0.C74 
0.871 
0.929 


0.945 
0. 993 
1.008 
1.355 
1.585 
0. 917: 
0.888' 
1.125 
0.953 


1.327 
1.221 
1.117 
1.175 
1.257 
1.230 
1.308 
1.231 
1  230 


S 


& 


0.996 

1.192   1.492 


1.119 
1.121 
0.996 
1.418j 
1.172 
1.277 
1.428 


1.511 
1.393 
1.2--'9 
1.418 
1.2*2 
1.888 
1.628 


1.185    1.473 


1. 
1. 
0. 
1. 


289; 
404! 
912' 
221 


1.56J 
1. 527 
1.434 


1.206   1.507 


1.085   1.233 


0.913 


0.635 


0.464 
0.749 


0.732   0.536 


a960 
1.139 
1.089 
a  796 
0.860 
0.754 
0.732 
a890 
0.917 


0.904 


1.086 
0.895 
0.850 


0.808 
0.982 
1.032 
1.255 
1.  495 
1.380 
1.027 
1.326 
1.203, 


1.306 
1.278 
1.211 
1.115 
1.198 
1.197 
1.503 
1.261 
1.206 


1.188 
1.012 
1.103 
1.279 
1.069 
1.315 
1.595 
1.206 
1.447 


1.246 


1.544 
1. 724 
1.355 
1.385 
1.315 
1.487 
1.766 
1.485 


1.168'  1.253 


1.081 
1.135 
1.044 
1.178 
1.352 
0.885 
0.854 
1.376 
1. 121 


1.405 
1.304 
1.260 
1.315 
1.069 
1.071 
1.499 
1.190 
1.063 


1.114    1.242 


1.054    1.17] 
1.179   1.027 


0.882 
1.141 
1.117 
1.227 
1.252 
1.338 
1.359 
1. 314 
1.550 


1.508 


1.538 
1.715 
1.441 
1.504 
1.476 
1.631 
1.865 
1.550 


1.242  1.525 


0.863 
1.200 
1.218 
1.155; 
1.155 
1.428 
1.2691 
1.198 
1.534 


J 


1.598 
1.673 
1.622 
1.421 
1.428 
1.650 
1.987 
1.534 


1.2S4!  1.614 


0.709   1.410   1.100   2.019 


1.160  0.772  0.856  0.633   0.743  0.9241  1.082   1.316 


1.326  1.503 
1.097  1.449 
l.V2fi  \«ati 


( 
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TnUe  shotting  the  amplitude  of  the  harometeft  8fe, — Continued. 


Year. 


0 

s 


CB 

5 

.a 


1863. 
1864. 
1865. 


Mean 

Tawtf  City,  Mich. 


1859. 
1860. 
lj««l. 
1863. 
1863. 
1864. 
1865. 
1866. 
1867. 


Mean. 


Detroit,  Miek, 


1859. 

I860. 

1861. 

1862. 

1863. 

1864. 

1865 

1866. 

1867. 


Mean. 


Monroe,  Mich. 


1859., 

1860. 

1861. 

1862., 

1863. 

1864. 

1865. 

1866.. 

1867., 


Mean. 


Cleveland,  Ohio. 


1859 , 

1860 

1861 

1862 

J  co<i.  •«...... 

1864 

1866 

1867 


Mean. 


Bi^ffalo,  y.  Y. 


1859. 

1860. 

1861. 

166B. 

1863. 

1664. 

1865., 

1866.. 

1867.. 


1.330 
1.091 
0.799 


1.084 


1.058 
1.058 
1.219 
1.212 
1.301 
1.092 
0.925 
1.788 
1.175 


1.203 


1.076 
1.038 
1.150 
1.110 
1.292 
0.974 
0.867 
0.786 
0.976 


1.141 


1.123 
1.290 
1.106 
1.322 
0.957 
0.903 
1.760 
a  967 


1.178 


1.004 
1.161 
0.992 
1.164 
a  983 
1.045 
1.736 
0.977 


1.192 
1. 182 
0.889 


S 


\ 

< 


^ 

X 


a 
p 


1.127 


a837 
1.236 
1.199 
1.124 
1.302 
1.154 
1.098 
1.055 
1.096 


1.122 


0.753 
1.195 
1.084 
1.117 
1.169 
1.228 
1.042 
1.040 
1.468 


1.122 


1.257 
1.029 
1. 178 
1.162 
1.198 
1.025 
1.026 
1.4U 


1.161 


1.1.33 


0.923 
0.293 
1.107 
1.463 
1.201 
0.993 
1.602 
0.948 


1.088 
0.980 
1.109 
1.193 
0. 97(1 
1.031 
1.032 
1.500 


1.112 


1.006 
1.272 
1.354 


1.248 


1.840 
0.962 
1.244 
0.940 
a862 
1.202 
1.244 
1. 110 
1.054 


1.162 


1.352 
0.759 

i.o:i8 

0.766 
0.952 
1.107 
1.164 
1.000 
1.049 


1.021 


0.843 
1.077 
0.849 
0.888 
1.053 
1. 107 
1.023 
0.979 


0.977 


0. 
0. 
0. 
0. 
1. 
1. 
0. 
0. 


8a5 

948 
873 
862 
112 
081 
913 
946 


1.173 
a  782 
1.395 


0.859 
0.588 
0.910 


1.176 


1.176 
1.411 
0.956 
1. 0(18' 
1.186 
0.792 
1.329 
0.896 
0.903 


0.872 


1.073 


1.041 
1.396 
0.959 
0.996 
1.120 
0.767 
0.962 
0.900 
0.866 


0.958 
0.820 
1.160 
0.907 
0.889 
a  585 
0.894 
0.801 
a854 


a  874 


0.758 
0.695 
1.037 
0.768 
0.849 
0.584 
0.660 
0.990 
0.950 


a9e4 

1.013 
0.652 


0.859 


0.878 
1.006 
0.714 
a835 
a962 
0.870 
0.637 
0.847 
0.805 


0.568 
0.505 
0.721 


0.717 


o 

9 
< 


E 

GO 


o 

O 


0.747 
a  827 
0.604 


0.668 


0.908 
0.669 
0.727 
0.723 
0.581 
0.482 
0.708 
0.671 
0.779 


0.842 


0.996   0.810 


1. 242| 

0. 900 

0.90o! 

1.045 

0.703 

0.976 

0.8(il 

0.954 


0.726 
l.(M8 
0.766 
0.875 
0.553 
0.775 
1.075 
0.956 


0.948 


1.347 
0. 9:i5 
0.971 
1.063 
0.685 
0. 9.30 
1.025 
0.930 


0.847 


0.687 
1.014 
0.637 
0.859 
0.594 
0.948 
0.946 
0.995 


1.004 
0.540 
0.849 
0.82:} 
0.800 
0.531 
0.914 
0.708 


a728 


0.771 


0.954 
0.414 
0.742 
0.747 
0.ff86 
0.433 
0.807 
0.694 


0.678 
0.646 
0.620 
0.506 
0  483 
0.602 
0.587 
0.5Q2 


0.584 


0.697 


0. 943 


Mean. 


1.191 


1.283 
1.184 
1.100 
1.319 
1.092 
1.041 
1.187 
1.344 


0.792 
1.  003 
0.889 
1.001 
1.091 
1.194 

i.(m 

l.ON 


0.986   0.835 


I.  194    1.  608   1. 023 


1.327 
0.963 
1.000 
1.231' 
0.659| 
0.  9.19 
1.113 
0.955 


0.655 
0.943 
0.527 
0.773 
0.720 
0.778 
0.  512 
0.806 
0.758 


0.7i9 


0.648 
1.317 
0.619 
0.883 
a  544 
0.803 
0. 957! 
0.972 


0.843 


1.068 
0.497 
0.872 
0.  743 
0.889 
0.557 
0.816 
0.691 


0.718 
0.742 
0.616 
0.603 
0.651 
0.455 
0.698 
a526 
0.572 


a620 


0.698 
0.683 
0.536 
0.756 
0.517 
0.556 
0.679 
0.563 
0.452 


0.444 
a  647 
0.513 
0. 726 
a  682 
0.732 
0.622 
0.764 
0.593 


0.647 


0.669 
0.439 
a523 
a730 
a734 
0.455 
0.7.19 
a509 


0.600 


0.383 
0.605 
0.501 
a  576 
0.656 
a  62:} 
0.  472 
a725 
0.561 


a  945 
0.745 
0.529 


a853 


1.049 
0.868 
a  804 
0.826 
0.837 
0.707 
0.588 
0.715 
0.628 


1.086 
0.793 
1.157 


1.008 


6 

► 
o 


m 

6 

% 


t 


1.094 
1.369 
1.113 


1.214 


0.780 


0.694 
0.782 
a724 
0.835 
0.570 
0.614 
0.755 
a568 


0.689 
a779 
1. 143 
4.928 
1.064 
0.976 
1.125 
1.172 
1.122 


1.2:i  L4» 
L422^1.a) 


1.S24  1.56 


1.442 
L099 
0.992 
1.284 
1.031 
1.357 
1.355 
a6:{6 
0.738 


1.022    1.104 


a693 


0.567 


0.412 
0.552 
0.561 
0.576 
0.666 
0.679 
0.520 
0.703 
0.440 


0.838 
0.703 
a809 
a  718 
0.859 
0.568 
0.642 
0.652 
0.590 


a  709 


0.604 


0.767 


0.828 
0.586 
0.528 
0.741 
0.504 
0.468 
0.648 
0.535 
a  561 


a600 


0.568 


ases 

a526 
0.431 
0.600 
0.687 
0.679 
0.648 
0.570 
0.539 


a859 
0.704 
a  854 
0.665 
0.739 
0.634 
0.561 
0.664 
0.578j 


0.695 


0.902 
0.803 
1.018 
0.870 
0.841 
0.687 
0.536 
0.746 
a  652 


0.  585  a  784 


0.908 
1.0431 
a  918 
l.(K24 
a668 
1.035 
0.965 
1.038 


0.950 


a820 
a920 
1.030 

a72a 

0.972 
0.681 
0.985 
0.842 
1.040 


a890 


a796 
0.699 
0.945 
0.665 
0.927 
a  616 
1.030 
0.667 
a960 


a  812 


0.679 
0.771 
0.994 
0.770 
0.882 
a835 
1.180 
a9S3 
1.035 


a899 


a993 
0.915 
1.150 
a9t*7 
L098 
1. 312^ 
1.192^ 
0.999 


1.058 
1.5*9 
1.(16:) 
1.138 
1.271, 
1.460 
a  9661 
1.453 
1.37.^ 


1073 
1.49 
1.444 
1.4T5 
l.» 
1.596 
1.4S 
il39 
1.3S 


1.264  l.«B 


1.083 


1.199 

1.2981  L4« 
0.930!  i.a» 
1.187j  1.378 
l.l«l,l.»5 

1.305  L41I 
1.255  L» 
1.300  L9« 

1.306  1.4« 


L210i  L4» 


1.009 
0.937 
a897 
0.940 
0.885 
1. 1« 
1.234 
1.197 
1.077 


1.103 

1.214  L413 
a  951  1.313 
L146  1.3* 
l.»9  1.3W 
L297  1.4« 
hOr.  1.323 
1.2©:  2.  Wl 
1.243  1.413 


L035 


1.055! 
1.055 
0.9t38 
1.046; 
0.807; 
1.209i 
1.  193, 
1.214 
0.833 


1.181)  L43« 


i.ooo...- 

LOO)  1.W 
0.992  1.^ 
a9g5  L»5 
L289  1.348 
1.465  l.<fi 
1.028 
1.251 


1.41J 
1.9^ 


L0e2  1.M6 


L044   1.119  L4" 


L103 

1.075 

a  892 

1.2611 

0.944i 

1.416J 

1. 121 

1.381 

1.015 


1.156 

1.292  l.W 
a994  1  S3 
1.231  L4iJl 
1.454  !.««> 

L44dl.»J 

a  919  1.437 

L  489^  033 
1.24&  L344 


EEPOHT   OF   THE   8ECBETABY    OF   WAR. 


975 


Table  ahowing  the  ampliiudt  of  the  barometer ^  8fc» — Continaed. 


Year. 


Fori  Niagmm,  N.  Y. 


850... 
860... 
861... 
862... 

m\... 

864... 
865... 
o6o. • . 
867... 


Mean. 


Charlotte,  N.  Y. 


859 

860 

1861. ... 

862 

1863 

1864 

1865 

[866. ... 
1867 


Mean. 


Sackea'9  Harbor, N.Y. 


1859. 
1800. 
1861. 
1862. 
lr«l. 
1864. 
865. 
1866. 
.867. 


Mean. 


u 
■e 

B 
B 

c 


r 


1.343 
1.308 
1.487 
1.056 
1.055 
1.70'. 
1.056 


1.287 


0.942 
1.369 
1..352 
1.416 
1.371 
1.094 
1.773 
1.049 


1.296 


0.925 
1.221 
1.484 
1.389 
l.3«7 
0.944 
1.683 
1.144 


1.205 
1.052 
1.170 
1.103 
1.065 
1.202 
1.211 


1 


• 

t 

< 

May 

June. 

July. 

Aoguiit 

• 

f 

a 

00 

• 

tm 

1 

November. 

December. 

9 


1.144 


1. 199 
1.301 
1.238 
1.395 
1.157 
1.147 
1.246 
1.297 


1.247 


1.100 
1.029 
1.119 
1.239 
1.243 
1.002 
1.061 


1.113 


0. 952 
1.067 
a  989 
1.086 


1.085' 

0.994 1 

0.844 

0.653 

1.092i 

l.088| 

1. 183 


1.185 
0.633 
0.848' 
0.716 
0.946; 
0.8661 
0.  942 


0.541 

0.  915{ 

0.863 

0.815; 

0.64l! 

0.912 

0.814 


0.9911  0.877    0.786 


1.276 
1.020 
1.053 
1.320 


0.9171  a  686; 
1.309i  1.167 


1. 4431 
1.073i 


1. 242 
1.056 


0.808 
1.390| 
0.6981 
0.904! 
0. 643; 
0.925 
1. 052 
1.063 


0.987 
0.639 
0.908 
0.845 
0.933 
0.581 
0.878 
0.871 


1.054 


1.272 


1.243 
1.435 
1.114 
1. 475 
1.163 
1.211 
1.217 
1.559 


1.302 


0.921 
1.094 
0.  943 
1.129 
1.192 
1.327 
0.897 
1.160 


1.102 


1.264 
1.056 
0.956 
1.295 
0.639 
1.068 
1.386 
0.894 


0.654 

0. 595; 

0.676 
O.TM\ 
0.600| 
0. 562! 
0.767! 
0.7»»8' 
0.631! 


0.449 
0.578 
0.602 
a  771 
0.623 
a  727 
0.628 
0.626 
0.684 


0.658 


0.922 
0.648 
0.5:t6 
0.596 
0.525 
0.546 
0.772 
0.  625 
0.642 


0.632 


0.523 
0.606 
0.516 
0.685 
0.700 
0.766 
0.680 
0.723 
0.549 


0.935;  0.830  0.646  0.639 


1.083:  1.070 


0.871 
1.271 
0. 696 
0.868 
0. 593 
a  886, 
1.01.5 
1.1521 


a939 
0.656 
0.913 
0.805 
0.911 
0.550 
0.756 
0.692 


0.919 


0.778 


a962 
a  689 
0.590 
0.734 
0.545 
0.580 
0.686, 
0.609 
0.6961 


0.552 
0.666 
0.562 
0.700 
0..'S97 
0.728 
a703| 
0.625 
a  507 


0.655  a  627 


0.998 
0.888 
1.179 
0.831 
0.946 
0.673 
0.736 
0.748 
a934 


0.881 


a  974 
0.876 
a898 
0. 912 
0.923 
0.746 
0.531 
0.801 
a  791 


0.046 
a  979 
0.990 
0.948 
0.872 
1.35H 
0.980 
1.063 


1.052  1.423 

0.818'  1.089 

1.409.  1.256 

0.960  1.487 


1.712 
1.494 


1.360,  1.3:iOi  1.310 


1.253;  0.907 
1.464    1.508 


1.573 
1.979 


1.017 


1.040    1.153!  1.340 


1.1741  1.269    1.563 


0.718 
0.824 
1.063 
0.873 
0.984 
a  998; 
1.358 
0.  963 
1.085; 


1.298,  1. 
1.013,  1. 
0.87:i'  0. 
1.402  1. 
1.190 
1.487 
1.250 
1.510]  1. 
1.015    1. 


176 
.357 
949 
.315 
473 
471 
893 
429 
354 


1.405 
1.783 
1.608 
1.787 
1.6.')9 
1.  6.)2 
2.164 
1.607 


0.828,  0.98,5,  1.227|  1.266|  1.708 


1.007 
a930 
1.286 
a799 
0.941 
0.795 
a569 
0. 809 
0.658 


1.129 

a  9071 

1.054 

0.897 

0.900, 

1. 103 

1.163 

0.988' 

1.022! 


1.294 

1.073 

0.941 

1.321 

0.968' 

a  965 

0. 949 

6.922 


1.165 

1.  418 

1.052 

1.282. 

1.505 

1.201 

1.C61 

1.324 

1.213 


1.456 
1.636 
1.689 
1.732 
1.516 
1.459 
2.188 
1.559 


0.8661  1.0161  1.054    1.250    1.654 


In  the  following  table  I  have  given  the  mean  amplitude  for  the  seasons 
ind  year : 

Fable  showing  the  mean  amplitude  of  the  barometer  for  the  teasons  and  year  at  the  several  lake 

survey  meteorological  stations. 


StatloDi. 

LaUtnde. 

Longitude. 

Mean  am 

[>Utude  of  barometer. 

Spring. 

Summer. 

Antamn. 

Winter. 

Year. 

)ntonajron  ............ 

0     1     II 

46  52  30 
46  46  30 
46  32  57 
45  02  13 
44  15  57 
43  55  00 
43  15  00 
43  12  34 
43  05  00 
43  03  00 
42  53  00 
42  19  58 
41  53  36 
41  30  00 

0     I    II 

89  33  30 
92  03  28 
87  22  57 

86  11  26 
83  .30  54 
75  57  00 
79  55  00 

77  51  00 
Bfi  12  33 

87  55  00 

78  55  00 
83  00  00 
a3  19  26 
81  47  00 

1.013 
1.014 
1.016 
1.099 
1.036 
1.024 
0.994 
1.030 
0.988 
0.920 
0.960 
0.942 
0.921 
0.921 

0. 751 
0.716 
0.727 
0.748 
0.7.39 
0.687 
0.692 
0.  705 
0.626 
0.628 
0.  Wl 
0.652 
0.628 
0.630 

l.lll 
1.077 
1.087 
1.025 
0.969 
0.  979 
l.(«4 
1. 013 
0.9.34 
0.952 
0.939 
0.908 
0.878 
0.850 

1.236 
1.163 
1.175 
1.145 
1.196 
1.275 
1.233 
1.270 
1.146 
1.149 
1.211 
1.156 
1.170 
1.121 

1.035 

Superior 

0.992 

Marquette 

rhunder  Bay  bland 

rawai  CltT 

1.001 
1.001 
0.985 

^ackett't  Harbor 

Port  Nlasara 

0.991 
0. 981 

Charlotte 

[}rand  Haven  . 

1.004 
0.923 

If  ilfrankee 

0.912 

Buffalo 

0.940 

Detroit 

0.915 

Monroe  •  .............. 

0.900 

Cleveland ............. 

0.883 
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Kaeintz  gives  the  amplitude  for  a  few  places  on  this  continent  for  the 
winter,  summer,  and  year,  as  follows : 


New  H  armon3%  Indiana 

Fort  ChnrchiU,  British  America 

New  Haveu,  Connecticut 

Cambridge,  Massachusettg 

Sitka,  RuHitian  America 

Nain,  Labrador 


North 

latitude. 

c     / 

38  11 

58  47 

41  10 

42  23 

57  03 

58  08 

Longitude. 


O       /      1/ 

90  15  24 
96  24  24 
74  50  24 
74  37  24 
140  20  24 
63  40  24 


Winter.     Summer.    Tor. 


0.901 
1.210 
1.306 
1.267 
1.019 
1.599 


aaso 

a  740 
0.S69 
0.676 
0.6T7 
a9ffi 


am 

a99S 
L019 
(198 
1.S54 


From  these  tables  it  will  be  seen  that  the  iso-barometric  line  of  1.000 
inch  for  the  year  on  the  eastern  coast  starts  near  Boston,  runs  somewhat 
northward,  touching  the  southern  coast  of  Lake  Ontario  and  the  south- 
ern coast  of  Lake  Superior,  and  strikes  the  Pacific  coast  north  of  Sitka, 
in  Kussian  America,  The  difference  between  the  eastern  and  western 
sides  of  tlie  continent  is  shown  in  the  great  difference  in  the  amplitude 
of  Ii^ain,  Labrador,  on  the  one  side  and  of  Sitka  on  the  other. 

Thus  the  iso-barometric  lines  follow  very  nearly  the  same  course  as 
the  iso-thermal  lines  across  the  continent. 

In  my  work  on  the  outflow  of  the  lakes,  I  found  it  necessary  to  have 
the  evaporation  from  the  surface  of  the  lakes. 

Although  evaporators  had  been  kept  for  many  years  at  several  of  the 
meteorological  stations,  the  notes  had  never  been  worked  up,  and  I  there- 
fore have  given  a  good  deal  of  my  own  time  to  these  calculations. 

The  evaporators  in  use  are  made  by  Jame^  Green,  of  !New  York,  and 
consist  of  a  zinc  vessel  with  vertical  sides,  of  IQO  square  inches  of  sor- 
face,  the  height  of  the  water  in  them  being  read  by  means  of  a  screw 
with  a  micrometer  head  on  one  side  of  the  vessel. 

These  of  course  could  not  be  read  in  freezing  weather,  and  it  was  theie- 
fore  necessary  to  find  some  method  of  determining  the  amount  of  evap- 
oration at  such  time. 

In  my  last  yeai'^s  report  I  gave  a  table  showing  the  relation  of  the 
evaporation  to  the  luunidity,  temperatui^e,  &c.,  and  I  then  showed  the 
evaporation  was  most  affected  by  changes  in  the  relative  humidity. 

But  the  humidity  being  calculated  from  the  reiulings  of  the  psychw- 
meter  is  ver>^  uncertain  during  the  cold  weather,  as  was  shown  in  tlie 
curves  of  the  hourly  observations  at  Thunder  Bay  island. 

I  therefore  examined  more  paiticiUarly  the  relation  between  the  evap- 
oration and  temperature. 

For  this  purpose  tables  similar  to  the  following  were  constructed  for 
each  of  the  stations  where  evaporators  were  used : 
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TaUe  showinff  the  relation 

of  the  evaporation  and  temperatures  at  Milwaukee^  Wis 

• 

Dat«. 

ii 

"2  a 

o  ** 

O 
ao 
>^ 

a 

B 

1 

> 
1 

i 

a 
■** 
as 
u 
«u 
Oi 

S 

Si 

i 

•    • 

o  ^ 

«a 
{2**- 

1 

Date. 

1 

• 

ce 

li 

>   S 

!o  a 

• 

O 

^* 
s 

B 

• 

o 
a 

es 

Is 
s 

• 

2 

e 

i 

3 

•       • 

£2 

>l 

'S2  ^ 

O  B  2 
^®  B 

1861. 
November . . 

1862. 

May 

Jane 

Jnly 

Angutit 

September  . 
October  . . . 

1863. 

April 

May 

June 

July 

Angnst 

September  . 
October 

1864. 

April 

May 

Jane 

Jnly    

0.965 

4.270 
5.367 
6.  .120 
.'X321 
3.835 
2.730 

3.296 
3. 670 
5.3:15 
5.  100 
4.730 
4.055 
1.505 

1.982 
6.310 
7.135 
5.380 

21 

27 
30 
31 
27 
27 
31 

25 
30 
30 
31 
31 
30 
31 

24 

29 
30 
31 

0.042 

0.158 
0.179 
0.204 
0.197 
0.142 
0.088 

0.131 
0. 122 
a  178 
0.164 
0. 153 
0.135 
0.049 

0.079 
0.218 

0. 2:w 

0.173 

40.7 

54.4 
60.8 
70.9 
69.7 
62.1 
51.1 

45.3 
55.1 
63.7 
68.6 
69.1 
59.4 
43.8 

39.7 

'      56.2 

65.2 

71.3 

971 

345 

396  1 

347 ; 

354  1 
437  i 
531 

346 
452 
364 

418 
452 
440 
894 

502 
258 
281 

412 

1864. 

.Augiifit.... 

September. 
!  October  . . . 

November. 
,        1865. 

April 

May 

June 

July 

AugUMt 

September. 
1866. 

April 

May 

June 

July 

August.... 

September. 

October  . . . 

November 

4.670 
2,140 
1.260 
0..355 

1.300 
4.445 
4.495 
5.115 
4.  724 
2.389 

2.545 
5.115 
5.125 
7.110 
4.200 
2.650 
2.210 
1.315 

31 

30 

31 

9 

9 
31 
29 
31 
30 
30 

17 

28 
27 
31 
31 
29 
30 
26 

0. 151 
0.071 
0.041 
0.039 

0.144 
0.143 
0.156 
0.165 
0.157 
0.079 

0.150 
0.182 
0.189 
0.229 
0.135 
0.091 
0.074 
0.051 

69.9 
60.7 
45.7 
41.4 

45w7 
52.9 
67.5 
63.4 
67.0 
68.4 

49.7 
51.0 
63.6 
73.0 
66.1 
57.2 
50.5 
39.7 

463 

855 
1,115 
1,062 

317 
370 
433 
384 
427 
866 

331 
279 
3.37 

318 
490 
629 
6.*^ 
778 

From  this  table  it  will  be  seen  that  for  the  month  of  November  the 
evaporation  is  nearly  one-thousandth  of  the  temperature,  and  that  in 
April  it  is  about  three  times  as  great.  This  was  nearly  the  same  at  all 
the  places  compared,  and  the  mean  ratios  were  of  coui*se  more  regular 
than  shown  in  the  above  table.  Now  the  evaporation  in  winter  in  this 
climate  must  be  very  small,  much  smaller  than  that  of  November;  but  as 
it  rises  so  rapidly  in  April  it  is  probable  that  the  evaporation  of  March 
is  comparatively  large.  So  that  if  we  take  one-thousandths  of  the  tem- 
perature as  the  evaporation  for  the  winter  months  we  cannot  be  far  from 
the  actual  amount. 

The  following  table  was  compiled  according  to  that  assumption.  The 
evaporation  where  observed  being  given  in  common  figures,  and  where 
computed  as  above,  from  the  temperature,  in  old  English: 

Table  showing  the  mean  daily  evaporation  for  each  months  in  decimals  of  an  inch. 


Year. 

• 

B 
§ 

E 

fa 

■ 

1^ 

■ 

0. 
< 

^ 

S 

• 

a 

• 

B 
< 

a 
S 

00 

October. 

November. 

December. 

V 

• 

c 

8 

Superurr,  Wi§. 
1862 

*0.009 
*0. 019 
♦0. 014 
'O.Oll 
*0.0I0 
*0. 008 

*0.007 
*0.014 
*0.020 
*0. 019 

*0.023 

*0.0.T4:  0.  Ilfi 

0.124 
0. 175 
0.168 
0.1 3U 
0.  145 
0.172 

0.136 
0.135 
0.145 
0.159 
0.161 
0.183 

0.117 
0.190 
0.135 
0.135 
0.0i»9 
0.159 

0.098 
0.095 
0.  08 1 
0.134 
0.0i)0 
0.082 

0.  045  *0. 027 

*0.021 

0.063 

1863 

1864 

*0.  023  *0. 0.I9I  0. 120 
♦0. 023  *0. 0:W|  0.127 

0. 046  -0.  029  *0.  020 
0. 049  *0.  029  '0. 010 
0.052*0.038*0.011 
0.068*0.031*0.015 
0. 058  *0. 032  *0.  012 

0.  075 
0. 070 

Igfio 

0.  073 

1866 

*0. 0091  ♦0.017*0. 036   0. 110 
*0.  013*0.  015*0.0:19    0.103 

0.  06<) 

1867 

0.074 

1 

Mean 

*0. 012 

*o.oi4!*o.o2i 

*0.  0.361  0.  117 

0.  1.52 

0.153'  0.139 

0.097 

0.053*0.031*0.016 

0.070 

Ontonagon,  Mick, 
1861 

0.100 
0.  101 
0.090 
0.085 

0.074-0.032*0.019 
0. 090*0. 030  *0.  024 
0.  10l|-0.a31*0.023 
0.  083*0.  031  *0.  016 

1862 

*0.013 
*0.023 
*0.015 
*0.  015 

♦0.  008 
*0.018 
*0.020 
*0.021 

*0.  023  *0. 0:^5  *0. 047 
*0.  023|*0. 042  *0.  052 
*0.  022  *0. 036  *o.  av) 

6.  i29 

0. 144 

0.121 
0.074 
0.093 

0.064 

1863 

0.136.  0.  110 

0.  (i62 

1864 

0.200 
0.183 

0.202 

0.075 

1865 

*0.  022  *0.  o:j6 

0.119 

Mean 

1 

1 



' 

Old  EnglUh  figures  In  the  original  giving  the  evaporation  as  computed  from  the  meax^  i&XDLV^T«X\a%. 
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Table  showing  the  mean  daily  evaporation  for  each  month  in  decimali  of  an  inch — ContiDaed. 


Year. 


Milwaukee,    If'ie. 


a 


u 
a 

u 


1861. 
1862. 
1863. 
1864. 
1865. 
1866. 
1867. 


JH 

b 


u 

a 
< 


a 


• 

b 

2 

& 

^ 

g 

>-' 

^ 

« 

S 

B 

^ 

V 

^ 

& 

u 

c^ 

c 

> 

•• 

t> 

«j 

O 

"< 

c» 

C 

Z 

u 

s 

a 


S 


0.  020  *0. 019  *U.  ni'2   0. 11-2'  0. 158   0. 179    0. 20-1 


0. 197    0. 142!  0. 0?8  '0.  038  *0.  031    0. 102 


*0.  030 '0.  (139  *0.  031    0.131'  0.122  0.178    0.164  0.153   0.1.35    0.  049  *0.  040 '0. 029  0.091 

.*0.  019-0.  OJC. -0.031    0.079    0.218  0.238]  0.173  0.151    0.071    0.  04 1 '0.  03^  nX  021  (XOl« 

*0.  019*0.  027*0.  0:«    0.1 44 1  0.143  0.156   0.165,  0,157    0.079   0.060*0.044*8,023  O.ftC 

I*.).  020  n).  0l9i'O.  027    0.  150   0.  182  0.  189    0.  229'  0.  Kio!  0.  091    0.  (774  "0.  051  *0.  023  a  ft* 

1*0.  017  *0.  (^27^0.  02(5    0.114    0.  0i»8  0.210,  0.2;Jl'  0.218'  0.155   0.095'  0.  OT.J  *C.  02»i  a  UC 

III  III 


Mean. 


Taicas,  Mich. 


1*0.  (J2i;*0.  025  *0.  030   0.  122   0.  153   0.  192   0.  194 


1861.... 
1862.... 
186:1.... 
1864... 
1865.... 

Mean 


0.1691  0.112    0.  t«i8  *0.  047  *0. 025  aOyfi 


0.059 


0.045*0.047-0.032 


*0.fK>I '0.021  ;*0.<«»n).  039    0.144  0.165  0.171,  0.172:  0.  t>98  0.  064*0.  035  *0.  Ci30  ao« 

'0.  (hJ8  •().  025i*0.  028  -^^0.  040'  0.  151  0.  148  0.  I(i7|  0.  122|  0.  101  0.  072  *0.  037  "0.  02p  O.CC^ 

*0.  022  H).  02by0.  028  *0.  0:j9|  0.  203  0.  20.),  0.  226^  0.  216,  O.  139  0.  lOl  "O.  03*;  'O.  023  0. 1« 

"^0.019*0.  0231*0.031  *0.042l  0.216  0.2241  0.210;  0.2361  0.170  0. 157  ♦O.  039^1).  026  ft  !« 


*0.  022  *0.  024 


*0.  029  *0.  040   0.  179   0.  185   0.  193'  0.  187;  0. 1 13   0.  088  *0.  039  "0. 028  0. 0« 


Thunder  Bay  Island, 
Mich. 


1861 

1862 1-0. 02:1  *n.  020 


0.184'  0.119   0.121    0.10.'>*a.032 

0.  228   0.  147,  0.  155   0.  075  '0.  03l>  0. 114 


'0.030,  0.  1:K)  0.140  0.205  0.187 

1863 ! •0.028   0.024, *0. 026   0. 14ll  0.136  0.1971  0.2ih)|  0.158;  0.128,  0.084;  0. 100  *0.  (^2!^  ('.105 

1864. 1*0.  022*0.  024!  *0.  026   0.137  0.141  0.191    O.lf^?'  0.1991  0.1191  0.0»*2i  0.080^0.024  a  103 

1865 rO.  019 -^^0.  024  *0.  030,  0.1551  0.151,  0.150,  0.1921  0.183;  0.140  0.149  0.122*0.026  0.  Ill 


Mean 


Detroit,  Mich. 


11961. 
1862. 
1863. 
1864. 


*0.  023  *0.  023  *0.  (;28   0. 141    0. 142   0. 186 


*0. 024*0.  030*0.  03 1  0.141 

*0.  024  *0.  025!  *0.  032  0. 133 

*0.  032  *0.  027  '0.  031  0.  J  45 

*0.  025,  *0.  029  *0.  0:i3  0.  134 


0. 162 
0.207 
0.  2(77 
0. 182 


0.220 
0.  191 
0.184 
0.  240 


0.194    0.1901  0.131 1  0.118   0.096*0.028  ftl* 


Mean 


^0.  026  *0.  03:1 


Monroe,  Mich. 


1963. 
1864. 
1865. 


^1.031*0.  028 
*0. 026*0.  031 


'0.032   0.  138;  0.1891  0.204 


*0.032   0.095:  0.200  0.202 


n).  033'  0.(85   0.182   0.244    0,230 


0.238 
0.202 
0.191 
0.214 


0.168  0.111 
0.230  0.134 
0. 158;  0. 122 
0.199   0.111 


0.211 


0.197 


*0.(>2n;*0.  029*0.  0.39;  0.126,  0.161]  0.219;  0.161 

1866 rO.  024  *^0.  (i26  *0.  032   0.  199|  0.  188'  0. 205|  0. 203 

1867 1*0.024  *0.  0341*0. 0:^2   0.144   0.144   0.208   0.186 


0.189 


a2C8 


a063 
0.  095 
0.081 
0.048 


0.042 
0.050 
0.  042 

o.ate 


*o.()35  a  10: 
*o.o:n  0 113 

•0  032  0. 104 
*0.0»  U-IOT 


0. 119;  0.  072   0. 043  '0.  OK  a  10* 


a  123   0.  074    0.  C75  *0. 033  a  108 


0.  173    0.  120;  0.  0fl81*0.  039  "0.  027  0.  KB 


0.161 


Mean *0.  026  *0.  (30  *0. 034   0.  130!  0. 175   0.  218   0.  195 


0.180 


0.  141    0.  087  *0.  040  '0.  029  a  101 


0. 140  0.  099   0.  076  ♦O.  04 1  •O.  l>28  a  l(fi 


0. 130   0.  101  ro.  043  ♦O.  029  0. 105 


Cleveland,  Ohio, 


0.  172   a  123   0.  082  *0.  047  -a  029  0. 1(55 


*0.033   0.1291  0.166   0.162 


0.180 
0.  192 


1861 

1862 1*0.  027  ^0.  027 

1863 1*0.  0:12*0.  029; ♦0.032|  0.  I04i  0. 187i  0.1881  0.159 

1864 *'J.  027  *a  0:10'  '0. 035i  0.  087  0. 128   0. 158   0. 172 

1865 1*0.021*0.027*0.0:19,  0.09I|  0.125   0.165 

1866 *0.  026,  *0.  028*0. 033i  0. 126  0. 1241  0. 1 59 


1867. 


Mean 


*0.  021  *0.  035  *0. 032i  0.  104    0.  100    0. 141 


'0.02(>| -0.029 


*0. 0341  0. 107   0. 138   0. 162 


0.162 
0.  195 
0.163 
0.129 
0.  i:i8i  0.113 
0.173    0,104 


0.105 


0.059 


0.161 


0.168 


0.158 


0.146 


0.048*0.037 

0.065i '0.035  0.m 
0.040*0.034  O.QK 
0.048*a028  a(W 
0.031  '0.032  a  076 
0.062  0.051 1  0.034*0.026  a07f» 
0.113   0.055   0. 042*a029  0.(83 


0.  125  0.077 
0.0811  0.050 
0.080!  0.042 
0.082,  0.053 


0.093,  0.055 


0.044*0.032  0.(386 


*01(1  EiigliHh  figure  in  the  original,  giving  the  evaporation  as  computed  firom  the  mean  temperatnrp. 

The  evaporators  used  are  generally  placed  on  top  of  the  meteorolo«:i 
cal  house,  or  in  some  plaee  near,  where  they  are  fully  exposed  to  the  sun. 
The  temperature  of  the  water  in  them  is  therefore  much  greater  than 
that  of  the  lake,  ahOL  tke  evaporation  proportionally  larger.    I,  last  year, 
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attempted  to  make  comparisons  between  an  evaporator  in  the  usual 
I>osition  and  one  in  the  water. 

Unavoidable  accidents  prevented  many  observations  from  being:  made, 
but  the  results  obtained  show^  that  the  lake  evaporation  is  not  over  04  per 
cent,  of  that  shown  by  tlie  instruments  on  land. 

I  hope  to  make  fiu'ther  and  more  careful  experiments  to  test  this  point 
the  coming  season.  I  would  have  changed  the  position  of  the  different 
evaporators  last  year,  but  1  thought  it  bettcn^  to  let  them  work  as  usual, 
and  to  use  a  correction  for  their  readings,  the  same  for  the  futiu?e  as  for 
the  past. 

According  to  the  above  correction  the  following  table  was  compiled: 

Sixty-four  i)er  cent,  was  taken  of  the  mean  daily  evaporation  for  each 
year  at  the  several  places  given  in  the  preceding  table.  This  will  be 
found  in  the  first  column ;  in  the  second  is  the  daily  rain-ftill  for  each 
year;  third,  the  ratio  of  the  two;  fourth,  the  mean  temperature;  and 
fifth,  the  ratio  between  the  temperature  and  the  evaporation. 

Table  ahoicitifr  the  corrected  daily  evaporation^  daUp  amount  of  rainy  and  mean  temperature 
at  the  seztral  lake'surcty  metcorvlugicul  stations  Jor  different  years. 


SUPERIOR  CITY,  WLSrONSIK. 


Year. 

■ 

a 

2 

>> 

Q 

0.062 
0.047 
0.a57 
0.082 
0.071 
0.077 

Id 

CO 

11 
if 
&" 

1.55 
0.97 
1.27 
1.80 
1.70 
1.72 

Mean     tempera- 
ture. 

Iia62 

lr& 

1864 

lt^6.5 

1866 

1867 

Mean  . .. 

0.040 
0.048 
0.  045 
0.046 
0.  042 
0.045 

37.6 
39.  0 
3r<.  8 
39.  3 
37.4 
37.4 

0.044  !     0.066 

1 

1.  50  1       38.  2 

1 

«  a. 

^3    - 
—  3  u 


940 

812 

sm 

847 
882 
835 


864 


CLEVELAND, OHIO. 


1862.. 
1863.. 
1864  . 
1865.. 
18»«  . 
1667.. 

Mean 


0.066 

0.113 

0.074 

0.  100 

0.(64 

0.  C94 

0.061 

0  09U 

0.063 

0.  i:<2 

0.066 

0. 093 

0.066 

0.104 

i.rj 

1.36 
1.46 
1.47 
2.  (;9 
1.40 

1.59 


49.4 

49.5 
4.).  5 
50.9 
49.2 
49.7 

49.7 


I 


752 

672  t 
774  I 
837  i 
779 
749  I 

760 


DETROIT,  MICHIGAN. 


1861 

1862 

1863 

1864 

0.  C69 
0. 072 
0.066 
0.069 

0.105 
0.  886 
0.083 
0.071 

0.086 

1.52 
1.20 
1.25 
1.02 

48.7 
48.3 
48.4 
48.1 

707 
671 
729 
699 

Mean  . . . 

0.069 

1.24 

48.4 

701 

ONTONAGON,  MICHIGAN. 


1865. 
1863. 
1864. 


Mean 


0.041 
0.040 
0.048 

0.074 
0.(i64 
0.063 

1.81 
1.60 
1.31 

0.043 

0.067 

1.57 

38.6 
40.3 
40.6 

39.8 


946 

1,007 
846 


Year. 


1862.. 
18(i3.. 
18rt-l.. 
18<J5.. 
1866.. 
1867. . 

Mean 


1862.. 
J86:j.. 
1864.. 
1865.. 

Mean 


MILWAOKEK,  WrsCOX.SIV. 


g 

o 
a 


et 
Q 


0.066 
0.  058 
0.  a'58 
0.  tl56 
0.060 
0.070 


u 


0.107 
0.089 
0.  076 
0.  ^S2 

e.oin 

0.068 


0.062  I    0.086 


r3 

*  '5 

la  es 


O  as 

r  > 


Si: 

a 
a 

C9 


1.62 
1.52 
1.32 
1.46 
1.46 
0.97 


45.5 
43.6 
44.9 
46.0 
44.4 
45.7 


1.39 


45.5 


MO.NROE,  MICHIGAN. 


1863.... 

0.069 

1864.... 

0.067 

1B<?5.... 

0.065 

1866.... 

0.067 

1867.... 

0.067 

Mean  . . 

0.067  ! 

0.084 
0.  OHO 
0.  091 
0.085 
0.072 

0.082 


1.22 
1.19 
1.40 
1.24 
1.07 


1.22 


49.4 
49.5 
50.6 
49.4 
50.9 

50.0 

TAWAH,  MICHIGAN. 


I  0.053 

.;  0.050 

I  0.068 

!  0.069 


0.060 


0.068 
0.  085 
0.052 
0.  0'<5 


I 


1.29 
1.  69 
0.76 
1.07 


0.070 


1.20 


43.9 
44.  1 
44.3 
44.7 


44.2 


THUNDER  BAT  ISLAND,  MICHIGAN. 


1862. 
186:1. 
1864 . , 
1865. 


9ai  I    Mtan 


0.073 
0.067 
0.066 
0.071 

0.101 
0.086 
0.087 
0.086 

0.090 

1.39 
1.27 
1.32 
1.21 

42.9 
42.9 
43  2 
43.8 

0.  C69 

1.30 

43.2 

c  "*  « 
-  t:  ^ 


694 
797 
779 
821 
711 
656 

743 


717 
736 
781 
735 
757 


745 


812 
875 
644 
649 


744 


589 
a39 
659 
615 


622. 
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From  this  table  it  will  be  seen  that  there  is  a  somewhat  re^lar  ratio 
between  tlie  evaporation  and  rainfall,  tlie  mean  being  about  the  same 
for  all  latitudes.  But  it  is  not  nearly  as  regular  as  the  relation  existing 
in  each  place  between  the  mean  temperature  and  the  evaporation,  and 
which  ratio  decreases  with  the  latitude  ^ith  only  one  exception  of 
importance,  when  the  i)aucity  of  the  observations  are  taken  into  account. 
This  will  be  better  seen  in  the  following  table,  where  the  stations  are 
arranged  according  to  the  latitude  and  the  means  of  the  previous  table 
given : 

Table  showing  the  mean  daily  evaporation^  amount  of  rain,  and  temperature  mt  the  uteni 

Lakc'Survey  meteorological  stations. 


Stations. 


Ontonadfon 

Superior 

Thunder  Bay  Inland 

Tawas 

>lilwankee 

Detroit 

Monroe 

■Cleveland 


Latitude. 


o  /  // 

46  52  30 
46  46  30 
45  02  13 
44  15  57 
43  03  00 
42  I'J  5e 
41  53  36 
41  30  00 


Longitude. 


O      I      n 

89  33  30 
92  03  28 
66  11  26 
83  30  54 
87  55  00 
83  00  00 
19  26 
47  00 


a 

1 

o 

-a 


a 
2 


83 
81 


0  043 
0  044 
0.069 
0.060 
0.062 
O069 
0.067 
0.066 


0.067 
0.066 
0.090 
0.070 
0.U86 
0.0H6 
0.082 
0.104 


•3 


.5  o 

> 


& 


I    li 

a         z's 


1.57 
1.50 
L.IO 
1.90 
1.39 
1.24 
1.22 
1.59 


39.8 
38.2 
4X2 
44.2 
45.5 
48.4 
500 
49.7 


S3) 

as 

744 

7C 
701 
745 
TO 


This  gives  us  a  means  of  computing  the  evaporation  with  considerable 
accuracy  where  the  rain-fall,  temperature,  and  latitude  are  known.  From 
the  foregoing  table  we  find  the  evaporation 

Of  Lake  Superior  is  equal  to 0.04,*36  inche. 

Of  Lake  Michigan  is  equal  to 0.0C16  " 

Of  Lake  Huron  is  equal  to 0.0068  " 

Of  Lake  Erie  is  equal  to 0.0672  " 

but  we  have  no  observations  on  Lake  Ontario. 

Computing  the  evaponition  by  dividing  the  mean  temperature  of  the 
three  stations  on  the  lake  by  the  ratio  of  evaix)ration  and  temi)erature 
given  in  the  above  table  for  the  corresponding  latitude,  we  find  it  to  Ik? 
equal  to  0.0631  inche.  Again,  taking  the  mean  of  the  ratio  of  the  rain- 
fall and  evaporation  and  dividing  l^\e  mean  rain-fall  of  the  lake  by  it, 
the  result  is  0.0632 — rather  a  curious  coincidence,  but  it  shows  that  with 
a  sufficient  number  of  observations  this  method  of  comi)uting  eva^wra- 
tion  would  be  practically  accurate. 

The  records  of  the  water  gauges  have  not  been  reduced  since  1863,  and 
a  great  deal  of  the  work  previous  to  that  time  was  so  done  that  it  had 
to  be  reviewed.  The  first  thing  was  the  comparison  of  the  zeros  of  the 
gauges  to  get  a  common  plane  of  reference. 

Now,  the  winds  have  great  influence  on  the  height  of  the  water  at  anj 
place,  and  also  generally  a  contrary  influence  to  that  at  a  place  situated  on 
another  part  of  the  lake.  Thus,  on  Lake  Erie,  when  there  is  a  southwest 
wind  the  water  is  blown  away  from  Monix>e  and  heaps  up  at  Buffalo, 
while  at  Cleveland  it  does  not  change  much,  and  at  Erie  less  than  at 
Buffalo.  By  the  direct  comparison  of  the  readings  of  the  several  gauges 
through  the  year  the  diff'erences  would  be  very  varving,  and  though  the 
mean  m\g\it  \)e  h^sitVj  e^xt^^t^  ^et  it  would  "be  imcertain,  therefore  it 
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was  thought  best  to  attenii)t  to  eliminate  the  action  of  the  wind  as  much 
as  possible.  To  do  this,  what  I  call  the  bi-five-day  means,  that  is  the 
mean  of  five  days  on  each  side  of  every  fifth  day,  or  a  ten-day  mean  every 
Hve  days,  were  taken.  Then,  for  the  comparisons  of  the  zeros,  only  the 
calm  months  of  June,  July,  and  August  were  used. 

The  comparisons  of  Buttalo  with  Cleveland  are  given  in  the  accom- 
panying table : 


Table  of  the  comparisong  of  the  zeros  of  the  water  gauges  at  Cleveland,  Ohio,  and  Buffalo, 

New  York, 


ate. 

1859. 

1860. 

1861. 

s 

1662. 

D 

1 
"3 

1 
■ 

a 

1 

•d 
I 

■ 

0 
13 

• 

B 

• 

1 

• 

0 
"3 

• 

•0 

1 

■ 

0 
"3 

0 

s 

e 

> 

0 

> 
0 

0 

> 
0 

«8 

0 

t^ 

> 

V 

0 

^ 

o 

pa 

Q 

0 

n 

p 

0 

P3) 

Q 

0 

» 

Q 

June 

1-10 
6-15 

h'.hi 

'3.*  60 

"'6*23" 

3.88 
3.84 

3.95 

4.0U 

0.07 
0.16 

3.69 

4.04 

0.36 

3,64 

3.94 

6.30 

1 1-20 

3,31 

.3.  43 

0.  12 

.3.80 

4.11 

0.31 

3.(i8 

3.  95 

0.27 

3.63 

3.86 

0.23 

16-25 

3.18 

3.44 

0.26 

3.78 

4.24 

0.46 

3.72 

4,01 

0.29 

.3.58 

.3.64 

0.26 

21-30 

3.32 

3.38 

0.06 

3.88 

4.18 

0.30 

3.79 

.3.98 

0.19 

3.6i» 

3.83 

0.23 

26-  5 

3  34 

3.45 

0.11 

3.99 

4.22 

0.23 

3.81 

4.02 

0.21 

a64 

3,76 

0.12 

Jul7 

1-10 

3.43 

3.63 

0.20 

4.02 

4.41 

0.39 

3.86 

4.08 

0.23 

3.59 

3.71 

0.12 

6-15 

.    3.52 
^  3.  54 

.1.66 

0.14 

4.06 

4.28 

0.22 

3.88 

4,11 

0.23 

3.57 

3.62 

0.05 

11-2.1 

3.61 

0.07 

4.13 

4.14 

0.01 

3.95 

4.12 

0.17 

3.62 

3.76 

0.14 

16-25 

3.60 

3.57 

—0.  03 

4.16 

3.89 

—0.27 

4.02 

4.15 

0.03 

3.63 

3.83 

0.20 

21-31 

3.  72 

3.66 

—0.06 

4.16 

3.90 

—0.  26 

4.09 

4.14 

0,05 

3.70 

3.80 

0.  10 

26-  5 

3.7r> 

3.79 

0.03 

4.  17 

4.14 

-0.03 

4.08 

4.16 

0.08 

3.82 

3.87 

0.05 

Au^. 

1-10 

6-15 

11-20 

16-'i5 

3.75 
3.71 
3.68 
3.77 

3.78 
3. 92 
4.07 
4.02 

0.03 
0.21 
0.39 
0.25 

4.19 
4.18 
4,17 
4.23 

4.09 
4.21 
4.35 
4.37 

— 0.  10 
0.03 
0.18 
0.14 

3.86 
3.91 
4.01 
4.11 

3.87 
3.94 
4.16 
4.27 

0.0] 

0.03 

0.15 

3.94 

4.16 

0.22 

0.16 

21-31 

3.92 

3.97 

0.05 

4.30 

4.35 

0.05 

4.04 

4.14 

0,10 

4.17 

4.17 

I      0.00 

26-  5 
diff'ce 

4.06 

3.99 

—0.07 

4.03 

4.14 

0.11 

4.20 

4.10 

0.10 

1 

Mean 

0.12 

0.10 

0.19 

0.13 

Table  of  the  comparisons  of  the  zeros  of  the  water  gauges,  S^c. — Coutinued. 


Date. 

1863. 

1864. 

1865. 

1866. 

1867. 

1 

-d 

1 

> 

4. 14 

d 

0 
n 

4  ot* 

• 

0 

a 

Q 

■d 

0 

"3 

> 

0 

0 

1 

0 

n 

4.48 

« 

Q 

0.18 
0.18 
0.26 
0.  15 

« 
0 

4.96 
4.95 
4, 94 

4.99 

• 

0 

£ 

0 

n 

5.19 
5.35 
5.31 
5.19 

■ 

c 

£ 

s 

• 

1 
"3 

► 

5i02 
5.06 
5.00 
4.95 
4.  85 
4,76 
4.80 
4.89 
4.86 

• 

0 

1 

0 

n 

5.28 

5.12 
5.08 
5.04 
4.95 
4.86 
4.95 
4.9i) 
5.08 

u 

a 

£ 

• 

•0 

0 

> 

0 

• 

0 

I 

0 

n 

• 

a 
£ 

Jnne 

1-10 

0. 15 

4.  .30 

0.23 
0.40 
0.37 
0.20 

•  •  •  •  ■ 

0.26 

4.46 

4.2:j 

4.  19 

4,09 
4.16 

0.2.3' 

6-15 

11-20 

16-25  

4.14    4,40 
4.20  4.46 
4.22  4.43 
4.20   4.52 
4.20  4.61 
4.22   4.58 
4.25  4.67 
4.Xi\  4.76 
4,34i  4.70 
4.32  4.52 
4.34    4.52 
4.  .30   4.58 
4.29   4.50 
4,32  4.57 
4.39   4.5J 
4.39   4.61 

4.49   4.79 

i 

0.26   4.39   4.57 
0.2<)'  4.45    4.71 
0.21    4.52   4.67 

0,06 
0.08 
0.09 
0. 10 

4.41 
4.41 
4.40 
4.47 

0.22: 
0.32 
0.24 

2i-;jo 

0.22   4.55 

4  61 

0.  06 

4.16   0.31 

26-  5 

0.41    4.55   4.63 
0.36   4.ii9    4.74 
0.42'  4.60   4.81 
a  43   4.64    4.81 
0. 36|  4. 72   4.  87 
0.20;  4.83   4.89 
0.  18   4.89   4.94 

0,08 
0, 1.') 

0,  10   4.  59 

4:2i)    0.39 

July 

1-10 

.'5-04    .^06 

0.02 
0.19 
0.19 
0.24 
0.17 
0.18 
0.16 
0,17 

0,  15    4.  60   4.  28!  0.  32.' 

6-15 

0.21    5.04!  5.23 
0.  17l  5.  Oe;  5. 27 
0. 15j  5.  04i  5.  28 
0.06   5.00   5.  17 
0.05'  .'»-04    .'1.22 

0.10!  4.59*  5.18 
0.22   4.61    4.32 
0.29    4.66   4.42 

0.41 

n-20 

0.29 

16-25  

4.82   5.11 

0.24 

21-31  

26-  5    

4.87 

5.09 

0.2-2 

4.70   4.30 
4.74    4.37 
4.80   4.50 

0.40- 
0.37 

Ang. 

1-10 

6-15 

0.28  4.87 
0.21    4.93 

4.96 

0.09 
0.11 
0.11 
0.07 

5.10   5.26 
5.  10   5. 27 
5.08   5.38 

0.30 

.5.00 

5.22 
5.30 
5.26 
5.21> 
5.45 

0.22 
0,28 
0.24 
0.07 

4.84 
4.  94 
5.0(J 
5. 06 

4.  59 
4.73 
4.79 
4.83 
4.88 

0.25. 

11-20  

0.25;  4.98   .'i.OO 

0.30   5.a3 

0.21 

16-25 

21-31  

0.20 
0.2-2 
0.31J 

1  4.94 

5.01 

5  08 
'i.  16 

5.42 
5.39 

0..34 
O.Zi 
0,08 

5.12 
5.22 
5.24 

0.21 
0.2:1 

26-  5 

1  5.07 

' 

5.17 

6.  io!  5.25 

5.33 

0.21    5.13 

0.25. 

tfean  difference... 

0.17 

] 

^ 

0.28 

0.12 

0.22 



0,29 
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The  mean  difference  of  the  zeros  for  1859  was. 


Do 

do 

\m). 

Do 

do 

....1861. 

Do 

do 

....iefi-2 

Do 

do 

do 

186:}. 

Do 

....18H4 

Do 

do 

1865 

Do 

do 

....1866. 

Do 

do 

....1867. 

a  12 

0.10 

a  19 

0.13 

a -a 

0.12 
0.22 
0.17 
0,29 


Mean a  18 


Therefore  the  zero  of  the  Buffalo  gauge  is  0.18  feet  above  the  zero( 
the  Cleveland  gauge. 

Very  foiiuuately  for  these  eomparisons  the  remarkably  high  stajife 
water  in  the  sunmier  of  1838  was  generally  noticed,  and  on  three  of  tl 
lakes  r€»feiTed  to  pennanent  beach  marks.  These  were  at  Charloti 
Lake  Ontario,  by  Professor  Dewey ;  at  Cleveland,  Lake  Erie,  by  Colon 
Whittlesey,  and  at  Milwaukee,  Lake  Michigan,  by  Dr.  Lapham.  V 
thus  have  a  common  x>lane  of  reference  on  three  of  the  lakes  and  c 
easily  compare  them  and  the  others. 

Following  out  the  example  above  given,  the  zero  of  Buffalo  is  0.18  ft 
above  that  of  Cleveland,  but  the  zero  of  Cleveland  is  2.92  feet  above  t 
high  water  of  1838,  therefore  the  zero  of  Buffalo  is  2.74  feet  above  t 
same.  In  the  same  manner  the  zeros  at  all  the  stations  were  conipar 
and  referred  ti)  a  common  plane. 

Comparisons  were  also  made  between  the  zeros  of  the  stations  on  ti 
different  lakes  where  the  water  of  1838  was  noted. 

The  mean  difference  between  the  readings  at  Cleveland  and  Chariot 
and  Cleveland  and  Milwaukee  thus  compared,  and  those  taken  by  dire 
reference  to  the  several  beach-marks,  was  less  than  a  quarter  of  a  fo( 
though  the  water  in  Lake  Ontario  varies  very  much  in  different  years 

The  bi-five  day  means  are  given  in  the  accompanying  tables  for  all 
the  stations  except  those  on  Lake  Superior.  These  are  unavoidab 
omitted,  the  inductions  of  the  self-registering  gauges  not  being  coe 
jdeted. 

Bi-Jive  day  means  of  the  depressions  of  the  water  surface  below  the  common  plant  of  rtfi 

ence^  (the  high  water  of  Jnne^  1838,)  in  feet  and  decimals. 

MILWAUKEE,  WISCONSIN. 


Date. 


1859. 
AngUKt 
September 
•October.  .. 
Novenjber. 
December  . 

1860. 
Jiiniuiry... 
iFebruary.. 

March 

April 

if  ay 

June 

July 

AuguHt 

September 

'October 

November. 

December 

1861. 

Janaary •  2.83 

February 2.65 


2.16 
1.91 
1.49 
1.46 
Auguttt 1.41 


2.8\ 
\2.(» 


September 

October 

November.. 
December . . 

1862. 
January.... 
February .  . 

March 

April 

May 

June 

July 

August 


1.65 
1.71 
2.04 
2.14 

227 
2  52 
237 
2.38 
2  07 
1.73 
1.78 
1.64 


A- 


,\\.^ 
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Bi'fite  day  mean*  of  the  depressiong  of  the  water  surface^  8fc, — Continued. 

MILWAUKEE,  WISCONSIN. 


Date. 


1862. 
November 
December. 

1863. 
jHnnary.. 
February. 
Marrb .... 

April 

May 

Jnne.  .... 

July 

Angui^t. .. 
September 
October  . . 
November. 
December 

18<;4. 
January.. 
February. 
March  .  .. 

April 

May 

Juue 

July 

August 

September 
October  . . 
November 
Deceml)«r 

1*^65. 
January.. 
February. 

March 

April 

May 


2.  36  I  2.  45 
2.48  I  2.44 

2.i>6 
2.50 
2.  4.J 

2.  :w 

2.  U> 

2.:w 


• 

ja 

• 

^ 

o 

o 

o     i 

*^          1 

*^ 

^     1 

OD 

iM^ 

<o        I 

<n 

^'    i 

Date. 


2.46 
2.52 

2.52 
2.48 
2.  67 

2.21 
2.  18 
2. 19 
...  4  .rf 
2.49 
2.  67 
2.  80 
a  03 

2.  (58 
3.10 
2  98 
2.  84 

2.  80 
2.80 
2.87 
3.17 
3.39 

3.  59 
3.75 
4.17 

4.19 
:i97 
3.64 
3.31 
2.  52 


1865. 
June. .. 
July.  .. 
Anj?u<<t. 
.S<'|»t«'mber 
l/ctober  ... 
November. 
Dfcember . 

1866. 
Jan nary... 
February  . 
March. 
April. 
Mmv 
Juue. 

July 

Augif"(t. . , . 
September 

October 

November. 
December. 

1867. 
January.. 
February 
March. 
April. 
May  . 
Juue. 
July. 

AugUMt 

September 
October  — 
November. 
December 


GRAND  HAVEN.  MICHIGAN. 


1859. 

January 

February... 

March 

April 

May.. 

Jane 

July 

August 

September . 
October .  — 
November.  . 
December    . 

1860. 

January 

Febniary... 

March 

April 

May 

June 

July 

AugUMt 

September  . 
October.  ... 
November.  . 
December.  . 
1861. 

January 

February... 

March 

April 

May 

June 


1.36 
1.41 
1.70 
1.61 


1.8*> 
1.83 
1.64 
1.46 
1.74 
1.78 
2.  10 
2.21 
2.67 


1.84 

1.88 
1.49 


1.35 
1.46 
1.61 
1.86 


1.27 
1.53 
1.64 


1.72 
1.84 
1.77 
1.59 

1.  52 
1.7d 
1.84 

2.  13 
2.  33 
2.87 


1.99 
1.78 
1.52 


1.82 
1.88 
1.78 
1.62 
1.65 
1.87 
1.96 
2.20 
2.32 


2.15 
1.72 
1.52 


1.12 
1.20 
1.54 
1.64 


1.90 
1.79 
1.75 
1.64 
1.70 
1.86 
2.00 
2.22 

2.31 

» 


2.18 
1.69 
1.47 


I.IO 
1.20 
1.52 
1.60 


1.99 
1.82 
1.66 
1.64 
1.71 
1.81 
2.08 
2.20 
2.47 


o   lO 

1.68 
1.46 


1.25 
1.30 
1.61 
1.56 


1.96 
1.88 
1.64 
1.61 
1.71 
1.85 
2.12 
2.16 
2.57 


1.94 
2.00 
1.59 
1.50 


1861. 

July 

AugUHt.  ... 
September. 
October  . , . 
November. 
December  . 

1862. 
January. .. 
February . . 

March 

A  pril 

May 

June 

July 

AugU!«t. . .. 
September 
October  . . . .  | 
November. .; 
December  ..; 

1863.         I 
January . . . 
February.. 

March 

April 

May 

Juue 

July 

AngUHtt . . . 
September 
October . . . 
November. 
December . 


1.49 
1.  19 
1.44 
1.49 
1.82 
2.03 


1.42 

1.  18 
1.53 
1.56 
1.86 

2.  08 


1.51 
1.90 
1.59 

i.ri 

1.66 
1.79 
1.71 
1.81 
2.  U 


1.42 
1.91 
1.65 
1.73 
1.6:1 
1.72 
1.69 
1.91 
2.  18 


1.42 
1.18 
1.52 
1.55 
1.83 
2.15 


1.51 
1.25 
1.49 
1.65 
1.75 
2.14 


1.42 
1. 35 
1.48 
1.74 
1.  82 
2.17 


1.23 
1.37 
1.43 
1.74 
2.02 
2.17 


1.83  1.94 
1.70 
1.49 
1.  65 
1.73 
1.77 
1.87 
1.95 
2.30 


1.88 
1.60 
1.70 
1.70 
1.72 
1.78 
1.94 
2.21 


2. 37  2. 40 

2.13  2.11 

2. 07  2. 09 

oil  I  o  1 o 


2. 

O 
Q 


43 

40 
10 
10 

18 


2.38 
2.30 
2.13 
2.08 
2.18 


1.90 
1.58 
1.  49 
1.66 
1.76 
1.  83 
1.86 
2.00 
2.36 


1.88 
1.62 
1.  <W 
1.68 
1.85 
1.76 
1.79 
2.04 
2.36 


2.20 
2.21 
2.  10 
2.08 
2.15 


2.24 
2.15 
2.06 
2.10 


*  Gauge  frozen. 
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Bi-Jive  day  means  of  the  depretgions  of  the  water  surface,  S^e, — ContiDued. 

THUNDER  BAY  ISLAND.  MICHIGAN. 


Date. 

• 

g 

O 

♦" 

♦» 

1 

1— 1 
O 

• 

?, 
o 

• 

c 

U3 

O 

as 
CI 

• 

o 

X) 

Data. 

• 

o 

2 

♦» 

6th  to  15th. 

J3 

i 

o 

16th  to  25th. 

0 

m 
SI 

1859. 
J&nuarv.... . 

1861. 

July 

August. 

September. . 
October .... 
November . . 
December .  . 

1862.      . 
Jannarv. . . 

1.15 
1.06 
1.03 
1.22 
1.42 
1.58 

1.21 
1.03 
1.06 
1.18 
1.46 
1.52 

1.24 
1.06 
1.11 
1.19 
1.58 
1.47 

1.34 

1.95 1  i.i: 

Ff  bruarv. ... 

::::: 

1.04  i  i.(H    1.CS 

"M  arch ....... 

, 

2.06 
1.67 
1. 25 
0.87 
0.68 
0. «:» 
1.16 
1.31 
1.60 

2.04 
1.54 
1.18 
0.86 
0.63 
0.86 
1. 30 
1.34 
1.66 

1.87 
1.53 
1.18 
0.81 
0.65 
0.88 
1. 27 
1.45 
1.57 

1.84 
1.50 
0.94  ! 
0.76 
0.63 
0.85 
l.t»5 
1.49  ' 

1.10     1.09    1.16 

April 

May 

June 

July 

August 

September .  . 
October .... 

1.84 
1.42 
0.91 
0.78 
0.76 
0.97 
1.16 
1.55 

1.78 
l.Xi 
0.87 
0.77 
0.78 
1.05 
1.30 
1.61 

1.23 
1.62 
1.63 

i.a<  1.39 

1.55    1.31 

>                • 

February. . . 

March.  . . 

November.  .. 

April 

1.98 
1.60 
1.43 
1.37 
1.21 
1.38 
1.23 
1.70 
1.91 

1.83     i.75    LTl 

December  * . . 

May 

June 

July 

Augnet 

September. . 
October..  .. 
November . . 
December  . . 
1863. 

January 

KphriiRrv 

1.63 
1.46 
1.35 
1.29 
1.32 
1.27 
1.61 
1.85 

2.02 

1.60 
1.44 
1.34 
1.20 
1.34 
1.23 
1.63 
1.91 

1.50     1.44    U' 

18(K). 
January. .... 

1 

1.41     1.41     l.» 
1.33     1.27  ;  1.32 

February.... 

•  •  •      '  »          - 

L29     1.34  JLiO 

March. ...... 

. 

1.33     1..1I  1  1.35 

April 

3lay 

June 

July 

Auguut 

September  .  . 
Ortnhpr 

1.95 
1.94 
1.70 
1  1.67 
1.57 
1.58 
1.84 
2.08 

1.92 
1.1>2 
1.65 
1.59 
1.62 
1,57 
1.84 
2.14 

1.81» 
1.88 
1.63 
1.55 
1.77 
1.57 
1.92 
2.13 

1.93 
1.84 
1.64 
1.52 
1.87 
1.60 
2.04 
2.08 

1.89 

i.a3 

1.63 
1.54 
1.85 
1.66 
5.11 

1.93 
1.77 
1.67 
1.60 
1.68 
1.80 
2.09 

1.22 
1.75 
1.96 

1.38    1.SS 
l.Ti*    i.e 
2. 05    i(K 

i 

March 

November. .. 

April 

i 

2.39 
1.82 
1.75 
1.91 
1.82 
1.89 
2.17 
2.22 
2.17 

2.33 

■9' 22    i  i^ 

December*  . . 

May 

June 

July 

AugUHt 

September. . 
October  .... 
November . . 
December  .. 

2.11 
1.70 
1.82 

*i.'89 
2.13 

2.19 
2.22 

1.95 
1.70 
1.85 
1.79 
1.90 
2.20 
2.24 
2.45 

1.80     1.^5    J.^ 

1861. 
January. .... 

1.79     1.W    l*^ 
1.94  j  I.»    !>♦ 

in 

1.96 

l.t»    i."^ 

March 

1 

±(t)t\i 

1.76 

1.54 

'  1.26 

1.84 
1.4H 
1.23 

1.84 
1.42 

1.15 ; 

1 

2.18    ±'X   i2 

May 

Juue 

1.75 
1.38 

1.62 
1.39 

1.61 
1.32 

2.17 
2.  OS  1 

2.18 
2.03 

i 

ill) 

TAWAS.  MICHIGAN. 


1859. 


April 

May 

June 

July 

August 

September  . 

October. 

November.  . 
Decemlwr . . 

1860. 

March 

April 

May 

June 

July 

Augutft 

September  . 
October.  ... 
November. . 
Decemher. . 

1861. 

April 

May 

June 

July 

August 

8e|)teinber  .  . 
October 


1.22 
0.82 
0.62 
0.60 
0.93 
IAS 
1.60 
1.68 


1.51 
1.43 
1.15 
1.10 
1.09 
1.27 
1.58 
1.83 


1.09 
0.83 
0.6U 
0.64 
0.98 
1.24 
1.61 


1.50 
1.00 
0.79 
0.54 
0.66 
1.06 
1.34 
1.64 


1.69 
1.23 
1.05 
0.88 
0.  93 
J.  17 


1.48 
1.39 
1.13 
1.05 
1.06 
1.28 
1.58 
1.84 


1.47 
1.31 
1.14 

i.a; 

1.14 
1.33 
1.65 
1.90 


1.30 
0.98 
0.72 
0.49 
0.72 
1.13 
1.39 
1.70 


1.59 
1.19 
1.02 
0.88 
0.93 
1.17 


1.46 
1. 15 
1.01 
0.92 
1.03 
1.17 


1.  42 
1.32 
1.16 
1.04 
1.  19 
1.40 
1.71 
1.97 


1.28 
0.  96 
0.70 
0.52 
0.78 
1.16 
1.45 
1.72 


1.93 
l.,39 
1.09 
1.01 
0.94 
1  03 
1.24 


1..39 
1.31 
1.17 
1.02 
1.21 
1.42 
1.81 


1.86 
1.31 
1.03 
0. 99 
0.93 
1.00 
1.33 


1.26 
0.89 
0.67 
0..57 
0.82 
1.  10 
1.54 
1.62 


1.50 
1.43 
1.32 
1.15 
1.08 
1.25 
1.51 
1.88 


1.73 
1.26 
1.02 
0.  91 
0.97 
1.08 
1.37 


1861. 
November . . 
December  .. 

1862. 

June 

July 

August 

September.. 
October  .... 
November . . 
December  . . 

1863. 

April 

May 

June 

J  uly 

August 

September.. 

October 

November . . 


3.39 
1.63 

1.52 
1.44 
1.25 
1.20 
1.22 
1.30 
1.54 


2.18 
1.74 
1.87 
1.98 
1.97 
2.27 
2.30 


1864. 

May 

June 2.  13 

2.19 
2.20 
2.66 


July 

Auguht 

September. . 
October  . . . . 
November . . 


1.42 
1.63 

1.52 
1.37 
1.16 
1.19 
1.17 
1.34 


2.01 
1.78 
1.85 
1.96 
2.03 
2.30 
2.27 

2.14 
2.  12 
2.18 
2.28 
2.76 


1.51 
1.56 

l.SJ 
1.37 
1.14 
1.22 
1.17 
1  44 


1.92 
1.85 
1.91 
1.91 
2.05 

O    Xi 

2.29 


1.59 
1.57 

1.47 

1:30 
1.20 
1.21 
1.14 
1.50 


1.61 


1.44 

1.24 
1.20 
1.21 
L55 


1.92 
1.90 
1.97 
1.87 
2.08 
2.33 
2.25 


2.tf 


*  Gauge  Aroceo. 


.59 


1.? 
1.2J 
1.25 
l.« 
l.«> 


i9 

1«3 

1  OH 


2.27 
1.93 

1  »    ^-^ 
i37!i» 


il« 


2.12  2.11  '-:  ,14 
2.l5;2.18;2.1^i-. 

2.20,2.17  il5j^ 
2.29  2.30  2  a;  i^ 
2.76  '  2.79    tn   -^ 
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Bi'five  day  meant  of  the  depressions  of  the  water  surface^  8fe. — Continued. 

POINT  AUX  BARQUES.  MICHIGAN. 


Date. 


1859. 

Jannary 

February  .  . . 
ftlarch. ...... 

April 

May 

Jane 

Jnly 

August 

September .  . 

October 

November. .. 
December.  .. 

January 

February.... 

March 

April 

May 

June. .  ...... 

July 

August 

September  .  . 

October 

November. .. 

December.  .. 

1861. 

January 

February  .  . . 

March 

April 

May 

June 

July 

August 

September  .  . 

October 

November . . . 


5 

o 


1.60 
1.78 
1.97 
1.69 
1.18 
0.74 
0.57 
0.57 
0.81 
0.97 
1.30 
1.38 

1.63 
1.67 
1.61 
1.67 
1.61 
1.30 
1.29 
1.25 
1.43 
1.75 
1.94 
2.16 

2.42 
2.45 
2.22 
2.45 
1.67 
1.24 
1.02 
0.88 
0.96 
1.16 
1.39 


• 

O 

o 
** 

o 
*• 

• 

2 

-s 

CI 

1.62 

1.71 

1.67 

1.69 

1.81 

1.85 

1.83 

1.82 

1.93 

1.74 

1.77 

1.67 

1.62 

1.59 

1.40 

1.20 

1.08 

l.Ol 

0.96 

0.89 

0.75 

0.73 

0.67 

0.64 

0.57 

0.48 

0.46 

0.46 

0.59 

0.61 

0.66 

0.69 

0.84 

0.88 

0.98 

0.98 

1. 09 

1.  12 

1.10 

1.17 

1.33 

1.30 

1.42 

1.45 

1.40 

1.52 

1.46 

1.45 

1.71 

1.69 

1.66 

1.62 

1.69 

1.71 

1.67 

1.72 

1.55 

1.57 

1.53 

1.51 

1.6:1 

1.61 

1.55 

1.51 

1.60 

1.50 

1.52 

1.53 

1.28 

1.31 

1.32 

1.31 

1.20 

1.18 

1.14 

1.15 

1.21 

1.27 

1.34 

1.33 

1.43 

1.47 

1.50 

1.51 

1.74 

1.78 

1.88 

2.01 

1.93 

1.97 

1.98 

2.a3 

2.21 

2.28 

2.35 

2.36 

2.48 

2.56 

2.57 

2.51 

2.52 

2.52 

2.43 

2.38 

2.26 

2.:J2 

2.33 

2.38 

2.20 

1.99 

1.93 

1.90 

1.60 

1.46 

1.41 

1.33 

1.21 

1.14 

1.11 

1.07 

1.06 

1.04 

1.02 

1. 01 

0.92 

0.96 

0.94 

0.91 

1.01 

1.03 

1.01 

1. 00 

1.13 

1.15 

1.26 

1.35 

1.46 

1.54 

1.68 

1.65 

Si 


1.78 
1.96 
1.74 
1.23 
0.81 
0.58 
0.47 
0.67 
0.98 
1.24 
1.35 
1.57 

1.66 
1.68 
1.60 
1.58 
1.40 
1.32 
1.24 
1.37 
1.64 
2.03 
2.06 
2.45 

12.44 

2.31 
2.48 
1.76 
1.26 
l.a3 
0.95 
0.93 
1.09 
1.35 
1.56 


Date. 


1861. 
December 

i8fia. 

January. . 
February. 
March. ... 

April 

May , 

June 

July 

AugUHt. .. 
September 
October.  . 
November 
December 

1863. 
January. . 
February. 

March 

April 

May 

June 

July 

Auguvt  ... 
September, 
October  ... 
November . 
December . 

1864. 
January.., 
February. , 

March 

April 

May 

Juno    

July 

August 

September. 


O 


1.64 

2.18 
2.03 
8.19 
2.10 
1.62 
1.42 
1.39 
1.38 
1.49 
1.41 
1.53 
1.82 

2.11 
2.27 
2.25 
2.27 
2.06 
1.74 
1.85 
1.90 
1.94 
2.22 
2.31 
2.41 

2.61 
2.78 
2. 72 
2.72 
2,18 
2.06 
2.16 
2.21 
2.51 


lO 

2 

ja 


1.64 

2.07 
2.06 
2.10 
2.05 
1.59 
1.43 
1.39 
1.34 
1.60 
1.25 
1.58 
1.89 

2.04 
2.35 
2.25 
2.30 
1.97 
1.76 
1.83 
1.86 
1.99 
2.26 
2  29 
2.53 

2.69 
2.82 
2.69 
2.61 
2.13 
2.06 
2.17 
2.24 
2.63 


1.56 

1.89 
2.07 
2.10 
2.00 
1.59 
1.43 
1.42 
1.34 
1.71 
1.25 
1.68 
1.92 

2.05 
2.25 
2.35 
2.33 
1.88 
1.80 
1.86 
1.88 
1.98 
2.30 
2.32 
2.51 

2.67 
2.77 
2.62 
2.50 
2.09 
2.12 
2.16 
2.25 
2.59 


2 


1.62 

1.99 
2.07 
2.10 
1.77 
1.50 
1.42 
1.39 
1.44 
1.71 
1.26 
1.75 
2.02 

3.19 
2.21 
2.48 
2.26 
1.84 
1.81 
1.93 
1.86 
1.98 
2.26 
2.30 
2.58 

2.74 
2.66 
2.74 
2.47 
2.09 
2.15 
2.11 
2.29 
2.62 


m, 
C* 


1.77 

2.05 
2.03 
3.12 
1.68 
1.47 
1.43 
1.36 
1.50 
1.68 
1.37 
1.79 


U3 

o 


1.98 

2.03 
2. 11 
2.18 
1.71 
1.47 
1.42 
1.39 
1.48 
1.61 
1.51 
1.82 


2.11 
2.19 

2.11 
2.15 

2.29 

2.27 

2.34 

2.23 

3.14 

2.11 

1.86 

1.79 

1.86 

1.88 

1.94 

1.94 

1.85 

1.91 

2.13 

2.22 

2.32 

2.40 

2.32 

2.29 

2.70 

2.65 

2.88 

2.79 

2.68 

2.67 

2.87 

2.82 

2.39 

2.25 

2.06 

2.06 

2.12 

2.12 

2.13 

2.20 

2  31 

2.30 

2.63 

.  DETROIT,  MICHIGAN. 


1861. 

January 

February . . . . 

March 

April 

May 

June 

July 

August 

September .  . 

October 

November. .. 
December.  .. 

1862. 

January 

February.... 

March 

April 

May 

June 

Jnly 

August 

September  .  . 

October 

November.  .. 
December.  .. 

1863. 

January 

February. . . . 

March 

April 

May 


1.62 
3.48 
2.41 
1.27 
1.39 
1.22 
1.28 
1.12 
1.22 
1.29 
1.54 
1.64 

1.60 
2.85 
3.02 
0.93 
1.01 
0.96 
0.96 
1.04 
1.32 
1.40 
1.79 
2.01 

1.90 
1.63 
2.05 
1.86 
1.13 


1.68 
3.59 
1.90 
1.45 
1.37 
1.10 
1.22 
1.00 
1.27 
1.44 
1.55 
1.63 

1.65 
2.99 
2.60 
0.95 
1.00 
1.01 
0.98 
1,03 
1.28 
1.39 
1.85 
2.01 

1.87 
1.75 
2.12 
1.73 
1.23 


1.88 

1.98 

3.38 

3.09 

1.98 

2.30 

1.59 

1.60 

1.41 

1.45 

1.22 

1.29 

1.19 

1.22 

0.99 

1.08 

1.29 

1.22 

1.53 

1.50 

1.64 

1.63 

1.62 

1.54 

1.77 

2.24 

.3.20 

3.20 

1.96 

1.70 

1.  16 

1.09 

1.00 

1.05 

0.99 

0.96 

0.96 

0.96 

1.11 

1.20 

1.28 

1.35 

1.49 

1.68 

1. 85 

i.ai 

2.05 

1.99 

1.74 

1.70 

1.82 

1.95 

2.25 

2.23 

1.56 

1.47 

1.47 

1.52 

2.25 
3.11 
2.35 
1.60 
1.43 
1.23 
1.31 
1.15 
1.34 
1.61 
1.67 
1.64 

2.55 
3.21 
1.56 
0.92 
1.01 
0.97 
1.02 
1.19 
1.39 
1.69 
1.91 
1.85 

1.71 
2.06 
1.97 
1.45 
1.46 


2.53 

2.98 
2.05 
1.48 
1.41 
1.23 
1.28 
1.23 
1.40 
1.70 
1.72 
1.70 

2.65 
3.19 

i.3:j 

0.92 
0.95 
0.98 
1.02 
1.27 
1.40 
1.71 
1.98 
1.84 

1.68 
2.15 
1.84 
1.31 
1.59 


1863. 

June 

July 

Augast 

September.. 
October  .... 
November.  . 
December . . 

1864. 
January.. .. 
February... 

March 

April 

May 

June 

July 

August 

September.. 
October  .... 
November . . 
December  . . 

ie(i5. 
January.... 
Febniary . . . 

March 

April 

May 

June 

July 

August 

September. . 
October  . . . . 


1.54 

1.42 

1.47 

1.44 

1.40 

1.40 

1.45 

1.45 

1.39 

1.58 

1.61 

1.62 

2.15 

2.10 

2.08 

2.37 

2.34 

2.29 

2.41 

2.39 

2.44 

2.01 

1.98 

1.99 

2.75 

2.71 

2.85 

2.65 

2.55 

2.70 

2.16 

2.03 

1.96 

1.91 

1.69 

1.46 

1.29 

l..'JO 

1.27 

1.46 

1.48 

1.62 

1.58 

1.73 

1.90 

1.90 

1.83 

1.91 

2.30 

2.55 

2.58 

2.70 

2.66 

2.43 

2.75 

2.78 

2.41 

2.64 

3.55 

4.12 

4.38 

4.31 

4.30 

4.50 

4.15 

3.85 

2.74 

2.82 

2.67 

2.13 

2.08 

2.10 

2.08 

2.04 

2.00 

1.91 

1.86 

1.80 

1.95 

1.92 

1.86 

2.03 

1.99 

1.95 

l2.(» 

,%^ 

I'sL'iY 

1.48 
1.40 
1.48 
1.76 
2.21 
2.27 
2.40 

2.15 
2.79 
2.87 
1.89 
1.36 
1.36 
1.58 
1.90 
2.03 
2.55 
2.43 
2.09 

4.17 
4.50 
3.27 
2,60 
2.05 
2.00 
2.03 
1.90 
1.98 


1.45 
1.44 
l..')6 
1.79 
2.25 
2.35 
2.28 

2.49 
2.70 
2.60 
1.79 
1.30 
1.55 
1.73 
1.92 
2.13 
2.53 
2.55 
2.18 

4.40 
4.70 
2.95 
2.47 
2.03 
2.07 
1.90 
1.99 
2.00 


1.45 
1.46 
1.56 
1.97 
2.30 
2.42 
2.15 

2.75 
2.72 
2.35 
1.83 
1.30 
1.51 
1.71 
2,01 
2.11 
2.59 
2.60 
2.29 

4.46 
4.67 
2.52 
2.27 
2.08 
2.05 
1.90 
1.98 
2.05 
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Date. 


Bi-Jive  day  means  of  the  depressions  of  the  water  surface^  8fe. — Contmned. 

DBTROIT,  MICHIGAN. 


Date. 


1865. 
November. 
December. 

1866. 
January . . . 
February. 

Hurch 

April 

May 

June 

July 

August. . .. 
September 
October  . . . 
November. 


• 

O 

• 

o 

to  30th. 

• 

c 
- 

• 

o 

to  5th. 

•2 

J3 
'•A 

5 

CO 

1-4 

CI 

26th 

2.71 

2.70 

2.65 

2.65 

2.&') 

2.79 

2.81 

2.87 

2.90 

2.93 

2.75 

2.67 

2.17 

1.87 

2.87 

3.66 

3.53 

3.43 

3.43 

3.40 

3.45 

3. 53 

3.42 

3.39  \ 

3.41 

3.33 

3. 30 

3.31 

3.39 

.3.25  1 

2.70 

2..'i5 

2.54 

2.60 

2.61 

2.59 

2.46 

2.55 

2.53 

2.52 

2.50 

2.36 

2.24 

2.25 

2.42 

2.32 

1.98 

1.99 

1.99 

1.  9') 

1.95 

1.94 

2.00 

2.12 

2.  12 

2.02 

2.01 

2.09 

2.18 

2.16 

2.13 

2.27 

2,30 

2.25 

2.05 

2.00 

2.01 

2.00 

2.00 

2.30 

2.  48 

2.35 

2.32 

2.33 

2.32 

2.33 

1 

2.28 

2.21 

1866. 
Dectiinber. 

1867. 
January . . . 
February. . 

March 

April 

May 

Jnue 

July 

AugUHt.  ... 

September. 
October  . . . 
November. 
December . 


MONROE,  MICHIGAN. 


1859. 

June 

July 

AUKU8t 

September . 
October.  ... 
November. . 
December.  . 

1860. 
January.... 
February .  . 

March 

April 

May 

June 

July 

August 

September  .. 

October. 

November. .. 


0.51 
0.79 
1.36 
1.71 
2.  05 
1.79 

1.78 
2.08 
2.27 
1.60 
0.99 
1.26 
1.14 
1.15 
1.40 
1.92 
2.03 


0.49 
0.70 
1.55 
1.65 
2.24 
1.76 

1.75 
2.18 
2.09 
1.46 
0.98 
1.26 
1.21 
1.20 
1.53 
2.02 
2.10 


0.58 
0.72 
1.56 
1.98 
2.35 
1.44 

1.83 
2,23 
1.99 
1.23 
1.  13 
1.07 
1.28 
1.22 
1.69 

i.a-j 

1.94 


0.72 
0.88 
1.32 
2.02 
1.93 
1.55 

1.86 
2.  .19 
2.07 
1.14 
1.08 
1.07 
1.37 
1.25 
1.95 
1.81 
2.18 


0.86 
1.06 
1.36 
1.96 
2.14 
1.69 

2.01 
2.33 
2.00 
1.22 
0.91 
1.12 
1.28 
1.35 
1.87 
1.89 
2.39 


0.69 
0.a5 
1.28 
1.67 
2.09 
2.06 
1.78 

2.02 
2.30 
1.8.5 
1.00 
1.03 
1.16 
1.12 
1.40 
1.73 
2.05 
2,34 


1860. 
December 

1861. 
January . . 
Febniary. 

March 

April 

May 

June , 

July 

August.  .. 
September 
October .  . 
November 
December 

1862. 
January. . 
February. 
March 


2.20 

2.31 

2.rj 

2.73 

1.26 

0.89 

0.6j 

0.92 

0.92 

1.07 

1.17 

1.46 

1.58 

1.67 

1.85 

2.19 

2.07     2.02 


2.23 
2,64 
2.25 
1.02 
0.93 
0.69 
0.93 
0.73 
1.12 
1.40 
1.'18 
1.59 

1.84 
1.94 
1.86 


2.42 
2.70 
2,10 
1.25 
0,77 
0.74 
0.97 
0.67 
1.12 
1.51 
1.46 
1.69 

1.68 
1.92 
1.33 


1.98  ;  2.02    ilS 


2.55 

a  00 

2.23 
1.23 
0.74 
a71 
1.05 
a  85 
1.12 
1.42 
1.72 
1.58 


2.59 
2.83 
2.06 
1.13 
0.N 
0.81) 
1.15 
1.01 
1.38 
1.68 
1.99 
1.58 


1.61  1.64 
1.99  I  2.27 
1.28  :  1.15 


in 

IS 

0.?2 

c.TT 
0.90 
1.12 
1.13 
1.33 
1.63 
l.fl 
l.» 

1,70 

as 


CLEVELAND,  OHIO. 


'     1859 

January 

February 

March 

April 

May 

June . . 

July.. 

August 

September  . 

October.  ... 

November.. 

December.  . 

1860. 
January 
February 

March |  2.09 

April I  1.54 

May I  0.99 

June 0.96 

July 

August. ... 
September 
October.  .. 
November. 
December. 

1861. 
January. . 
Pebrunry  . 
March I  2.56 


1861. 

April 

May 

Juue 

July 

August 

September  . 

October  .  - . . 

November . . 

December . . 
1862. 

January 

February... 

March 

April 

May 

June 

July 

August 

September.. 
October  .... 
November-  . 
December  .. 
1863. 

January 

February .  . 
March 


A 


1.53 
0.98 
0.76 
0.94 
1.06 
1.12 
1.28 
1.28 
1.67 

1.72 
1.83 
2.19 
I.IO 
0.6.3 
0.68 
0.67 
0.94 
1.32 
1.58 
2.09 
2.16 

1.89 
1.45 
1.36 
\.43 


....\V^\\.<S? 


1.37 
0.9,3 
0.77 
0.96 
0,8i« 
1.24 
1.31 
1.34 
1.65 

1.75 
1.94 
2,08 
0.97 
0.66 
0.72 
0.65 
0.99 
1.36 
1.59 
2.10 
2.20 

1.73 
1.40 
1.47 
1.36 


1.22 
0.82 
0.76 
1.03 
0.87 
1.22 
1.36 
1.41 
1.72 

1.64 
2.02 
1.80 
l.Oi 
a65 
0.71 
a  70 
1.09 
1.38 
1.69 
2.09 
2.15 

1.67 
1.32 
1.45 
1.28 
\.15 


1.16 
0.80 
0.80 
1.10 
1.02 
L15 
1  39 
1.48 
1.68 

1.56 
2.06 
1.69 
0.87 
a  71 
0.66 
0.71 
1.19 
1.43 
1.93 
1.92 
2.02 

1.58 
1.30 
1.49 
1.21 
1.16 


1.16 

a(?2 

1.17 
1.12 
1.22 
1.5J? 
1.64 
1.62 

1.67 
2.06 
1.52 
a64 
0.7S 
0.f* 
0.78 
1.2.> 
1.51 
•2.07 
2.19 
l.ye 

1.42 
1.33 
1.4J 
1.20 
1.14 


103 

ttt5 

1.1« 

■  1.11 

,1.32 

'l4< 

1.61 

l» 

;i.:7 

2.09 
1.34 

a72 
a* 
i.« 

il5 
2.34 

,  !.?• 

'l.40 
1.3« 
1.40 
l.li 
1.1? 
I.* 
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Bi'Jive  day  means  of  the  depmawns  of  the  teater  surface,  Ifc, — Continued. 

CLEVELAND,  OHIO. 


Date. 


• 

• 

o 

o 

w^ 

"^ 

S 

s 

-s 

1— « 

O 

1863. 

July 

Augut^t 

SfptenibtT . 

October    

November. . , 
December.  .. 

18H4. 
January..... 
February  .  . , 

March 

April 

Way 

June 

July 

Angutit 

September . 
October.  ... 
November. . 
December  . . , 

ie«:i. 

January 

February  .  . 

Ilarch , 

April 

May 

Juue 

July 

AugUKt 

Septeml)«r. 


1.30 
1.38 
1.73 
2.18 
a.  fi.3 
2.79 

3.16 
2.74 
2.84 
2.40 
1.67 
1.38 
1.67 
1.95 
2.  12 
2.40 


2.75 
2.63 


2.82 
3.57 
3.52 
2.82 
2.18 
2.04 
2.12 
2.18 
2.31 


1.33 
1.37 
1.78 
2.  15 
2.74 
2.73 

3.06 
2.80 
2.69 
2.30 
1.62 
1.47 
1.68 
2.01 
2.17 
2  49 
2.80 
3.72 

2.92 

3.65 

3.50 

2.80 

2.09 

2.03 
o  I.-) 

2.18 
2.24 


o 

U3 


1.41 
1.40 
1.82 
2.24 
2.  76 
2.  72 

3.01 
2.94 
2.48 
2.  17 
1.44 
1.43 
1.72 
2.06 
2.26 
2.58 
2.66 
2.72 

3.15 
3.76 
3.47 
2.67 
2.00 
2.02 
2.  16 
2.16 


2.16 


us 
o 

US 


1.42 
1.47 
1.88 
2.32 
2.  70 


3.00 
2.95 
2.51 
2.06 
1.29 
1.60 
1.80 
2.02 
2.  .12 
2.68 
2.  7U 
2.68 

3.16 
.3. 81 
3.42 
2.58 
1.96 
2.07 
2.12 
2.16 
2.19 


A 

o 


1.40 
1.57 
1.99 
2.43 
2.71 
2.67 

2.93 
2.93 
2.58 
1.92 
1.28 
1.63 
1.91 
2.08 
2.-38 
2.73 

2.  80 
2.68 

3.32 
3.68 

3.  17 
2.  42 
2.01 
2.  1<6 
2.08 
2.24 
2.24 


5 

Q 


to 


1.42 

1.67 
2.16 
2.58 

2.  8) 
2.98 

2.81 
2.89 
2.47 
1.75 
1.31 
1.63 
1.97 
2.15 
2.38 
2.68 
2.73 
2.77 

3.50 
3.54 

2.88 

2.28 
o 

o 

O 


».l 


03 
16 
12 
33 
27 


Date. 


• 

. 

.a 

1 

f>4 

o 

o 

s 

•♦* 

♦* 

U3 

OB 

fl 

^H 

CO 

*-( 

1865. 

October 

November. 
December  . . 

1866. 
January.  ... 
February.. 

March 

April 

Muy 

June 

July 

Ang:utft 

Wept  ember  . 
October  .  . . . 
November . . 
December  . . 

1867. 
January..., 
Febniary . . . 
March  .  . . . . 

April 

May 

June 

July 

AuguMt. .... 
September  . 
October  . . . . 
November., 
December  . . 


2.42 

2.88 
3.00 

3.00 
3.56 
3.34 
2.67 
2.33 
2.10 
1.88 
2.11 
2.24 
2.07 
2.49 
2.42 

2.63 
3.45 
2.59 
2,72 
2.05 
1..54 

i.r>d 

1.88 
2.28 
2.  .52 


2.46 
3.00 
2.98 

3.14 
3.49 
3.23 
2.65 
2.37 
2.14 
1.97 
2.08 
2  37 
2.25 
2.63 
2.53 

2.53 
3.53 
2.64 
2.54 
2.01 
1.49 
1.67 
1.92 
2.42 
2.61 


o 
5 

to 


2.52 
2.97 
3.03 

3.48 
3.50 
3.05 
2.57 
2.28 
2.08 
1.94 
2.11 
2.40 
2.  :^2 
2.59 
2.49 

2.58 
3.19 
2.61 
2.40 
1.97 
1.49 
1.69 
2.02 
2.37 
2.82 


2.69 
2.87 
3.15 

3.52 

3.  .54 

2.94 

2.37 

2.27 

2.03 

1.90 

2.20 

2.22 

2.32 

2.  .39 
o  40 

2.76 
2.97 
2.70 
2.24 
1.84 
1.48 
1.74 
2.08 
2.47 
2.85 


M 


2.66 
2.91 
3.13 

3.35 
3.37 
2.92 
2.30 
2.29 
1.93 
95 
30 
08 
41 
40 
47 


3.07 
2.76 
2.74 
2.17 
1.65 
1.55 
1.78 
2.14 
2.51 
2.85 


a 

o 

o 


% 


a«7 

3.05 
2.98 

3.46 
3.  .30 
2.80 
2.32 
2.16 
1.84 
2.05 
2.32 
1.99 
2.  .38 
2.51 
2.59 

3.25 
2.a3 
2.83 
2.12 
1.58 
1.67 
1.83 
2.21 
2.55 


ERIE,  PENNSYLVANIA. 


1659. 

Jane 

July 

August 

September  . 
October.  ... 
November.. 
December.  . 

1860. 

March 

April 

May 

June 

July 

Anguflt 

September . 
October.  ... 
Noveml>«r.  . 
December.  . 

186L 

April 

May 

June 

July 

AugURt...... 

September  . 
October.  ... 
November. . 
December  '. . 

1862. 

April 

May 

June 

July....... 

Anguot 

September . 
October.  ... 
November. . 
December.  . 

186:). 
April 


0.55 
1.  10 
1.47 
1.78 
2.33 
1.78 


I.  .36 
1.70 
1.71 


1.62 
0.84 
0.71 
0.78 
0.91 
1.15 
1.18 
1.29 
1.60 

1.34 
0.58 
0.78 
0.65 
0.88 
1.31 
I.  .56 
1.92 
1.84 


0.44 
0.73 
1.09 
1.78 
2.05 
2.40 
2.05 


1.49 
l.a5 
1.78 


1.40 
0.68 
0.62 
0.84 
1.07 
1.12 
1.06 
1.31 
1.61 

1.34 
0. 62 
0.72 
0.63 
0.97 
1.37 
1.65 
2.02 
1.95 


0.45 
0. 72 
1.09 
1.65 
1.98 
2.12 
1.98 


1.41 
1.88 


1.19 
0.69 
0.66 
0.88 
1.09 
1.13 
1.14 
1.38 
L52 

1.16 
0.67 
0.71 
0.71 
1.07 
1.48 
1.63 
2.03 
1.88 


0.46 
0.74 
1.18 
2.10 
1.82 
2.41 
1.82 


1.06 
1.36 
2.01 


1.06 
0.75 
0.74 
0.93 
0.96 
1.09 
1.27 
1.43 
1.55 

0.90 
0.68 
0.74 
0.72 
1.20 
1.55 
1.65 
1.94 
1.85 


0.50 
0.77 
1.30 
2.00 
2.24 
2. 1 1 
2.24 


1.12 
1.43 
1.93 


0.96 
0.70 
0.70 
0.^ 
0  96 
1.00 
1.31 
1.41 
1.56 

0.71 
0.77 
0.72 
0.71 
1.25 
1.56 
1.78 
1.86 
2.02 


0.53 
0.96 
1.34 
1.99 
2.27 
1.95 
2.27 


1.24 

1.66 
1.80 


0,92 
0.72 
0.65 
0.91 
1.05 
1.14 
1.31 
1.47 
1.51 

0,65 
0.8:1 
0.67 
0.78 
1.26 
1.51 
1.86 
1.87 
2.02 


1863. 

May 

June 

July 

AngUBt 

.September. . 
October.  .  .. 
November . . 
December  .. 

1864. 

April 

May 

June 

July 

August 

September. . 
October.  .  .. 
November . . 
December  . . 

18(>5. 

April 

May 

June 

July 

August 

September.. 
October  . . . . 
November . . 
December  . . 

1866. 

April 

Muy 

June 

Jtily 

August 

September. . 
Oct»»ber ..  .. 
November . . 
December . . 

1867. 
April 


1.46 
1.70 
2.31 
2.  59 
2.81 
3.03 

2.27 
1.44 
1.17 
1.45 
1,96 
2.46 
2.57 
2.37 
2.18 

2.63 
2.05 
l.ft3 
1.93 
1.91 
1.98 
2.00 
2.15 
2.64 


2.24 
2.00 
1.61 
1.67 
1,93 
1.80 
2.27 
2.12 


1.57 
1.71 
2.39 
2.83 
2.  81 
2.99 

2.08 
1.42 
1.24 
1.60 
1.98 
2.  .33 
2.45 
2.15 
2.05 

2.50 
2.01 
2,01 
1.96 
1.91 
1.91 
2.19 
2.11 
2.58 


2.26 
1.89 
1.69 
1.72 
1.91 
1,82 
2,26 
2.03 


1.22 
1.76 
1.82 
2.34 
2,90 
2.92 
2.71 

1.91 
1.32 
1.31 
1.75 
2.16 
2.35 
2.40 
2.17 
2.19 

2.36 
1.97 
1,96 
1.91 
2.02 
1,98 
2.25 
2.56 
2,68 

2.40 
2.26 
1,86 
1.68 
1.72 
2.03 
1.87 
2.21 


1.29 
1,80 
1,92 
2.38 
2.88 
2.95 
2.93 

1.94 
1.26 
1.33 
1.80 
2.17 
2.39 
2.41 
2.26 
2,32 

2,27 
1.93 
1.85 
1.91 
2.09 
1.97 
2.34 
2.73 
2.44 

2.25 
2.22 
1.82 
1.70 
1.69 
1,90 
2.04 
2.22 


1.39 
1.75 
1.97 
2.66 
2,96 
2.90 
3  14 

1.85 
1,18 
1,37 
1.84 
2,10 
2.  .53 
2.51 
2.37 
2,29 

2.21 
1.92 
1.78 
1.93 
2.17 
1.99 
2.43 
2.63 
2.55 

2,17 
2.08 
1.77 
1,75 
1.82 
1,77 
2.07 
2.18 


1.46 
1.77 
2.  16 
2.75 
2.95 
2.8:j 
3.09 

1.57 
1.14 
1.39 
1.95 
2.35 
2.73 
2,51 
2.37 
2.22 

2,16 
1,91 
1.77 
1.98 
2.12 
1.97 
2.43 
2.55 


2.19 
2.03 
1.64 
1.70 
1.92 
1.75 
2.07 
2.16 


\ 
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Bi'Jive  day  means  of  the  depressions  of  the  wat^  surface,  Sfc. — Continned. 

ERIE,  PENNSYLVANIA. 


• 

• 

• 

ja 

ja 

^ 

• 

• 

• 

.a 

us 

£    (  J 

s 

§ 

S 

A 
^ 

o 

.a 
m5 

§ 

§ 

Date. 

o 

o 

o 

o 
•*• 

o 

2 

Date. 

o 

o 

3 

o 

••< 

s  i  ' 

■*^ 

** 

ja 

A 

♦» 

A 

.a 

5 

X     5 

'«■> 

6 

** 

♦i 

OB 

«> 

JA 

••rf 

^     (- 

«B 

y-* 

to 

^M 

^ 

» 

•^ 

^* 

«0 

«    s 

r-^ 

(O 

"^ 

rH 

w 

CS 

t-^ 

1867. 

1867. 

1 

May 

1.92 

1.76 

1.90 

1.75 

1.64 

1.65 

September.. 

2.29 

2.16 

2.15 

2.13  1  2.27    i: 

June 

1.61 

1.72 

1.72 

1.72 

1,74 

1.84 

October 

2..'W 

2.32 

2.55 

2.81     a84    i' 

July 

1.84 

1.84 

2.01 

2.10 

2.09 

2.12 

November . . 

2.27 

2.86 

2.82 

2.94     a<r2   a' 

August 

2.30 

2.40 

2.35 

2.20 

2.09 

2.18 

December  . . 

2.51 

2.91 

1 

BUFFALO,  NEW  YORK. 


1859. 

June 

July 

AngtiBt 

September  .. 
October-  ..., 
November. ., 
December.  .. 

1860. 

April , 

May 

June 

July 

August 

September  . 
October.  ... 
November. . 

1661. 

April 

May 

June 

July 

AugUHt 

September . 
October.  ... 
November. . 
December.  . 

1862. 

April 

May 

June 

July 

August 

September  . 
October.  ... 
November.  . 
December.  . 

1863. 
January .... 

April 

May 

June 

July 


0.53 
0.68 
1.19 
1.48 
1.96 
1.57 

1.02 
1.03 
0.84 
1.31 
0.98 
1.52 
1.09 
1.55 


1.07 
1.04 
0.98 
1.21 
1.26 
1.26 
1.34 
1.41 


0.57 
0.95 
0.61 
0.77 
1.04 
1.27 
1.75 


0.50 
0.56 
0.82 
1.24 
1.54 
1.88 
1.8:) 

1.33 
1.03 
0.90 
1.18 
1.10 
1.53 
1.69 
1.60 


0.83 
0.94 
1.01 
1.39 
1.24 
1.05 
1.21 
1.38 


0.33 
0.51 
0.97 
1.46 
1.45 
1.77 


1.20 
0.90 
l.Ol 
1.04 
1.24 
1.45 
2.  00 
1.60 


0.34 
0.47 
0.92 
1.74 
1.67 
1.82 


1   Q*> 


1.70 
1.19 
1.48 


0.60 
0.84 
0.52 
0.84 
1.13 
1.69 
1.81 


1.44 


1.40 
1..30 
1.57 


0.84 
0.85 
1.02 
1.32 
1.25 
1.08 
1.31 
1.26 


0.91 
0.76 
0.66 
1.06 
1.18 
1.72 


1.39 


1.22 
1.36 
1.66 


1.24 
0.80 
1.14 
0.79 
1.26 
1.38 
2.09 
1.17 


0.28 
0.56 
0.87 
1.63 
1.83 
1.92 


0.93 
0.91 
1.05 
1.06 
1.28 
1.25 
1.40 
1.47 

0.93 
0.90 
0.74 
0  73 
1.17 
1.22 
1.18 


1.23 
1.33 
1.60 


1.21 
0.90 
1.09 
0.80 
1.24 
1.60 
1.96 
0.90 

1.25 
0.87 
0,88 
l.(M 
1.04 
1.04 
1.22 
1.23 
1.54 

0.70 
0.83 
0.73 
0.70 
1.07 
1.39 
1.59 


1.83 


1.52 
1.44 
1.42 
1.42 


0..35 
0.69 
0.89 
1.45 
1.81 
1.76 


l.ll 
0.91 
1.12 
1.03 
1.31 
1.79 
1.82 
1.45 

1.22 

0.88 
0.92 
1.06 
1.04 
L.05 
1.38 
1.21 
1.42 

0.71 
0.99 
0.66 
0.77 
1.00 
i.33 
1.79 


1.94 


1.80 
1.30 
1.51 
1.42 


1863. 
August. ... 
September . 

October 

November . . 
December  . . 

1864. 

April 

May 

June 

July 

August 

September.. 
October  .... 
November . . 
December  - . 

1865. 

May 

June 

July 

August 

September.. 
October  .... 
November . . 
December  . . 

1666. 

May 

June 

July 

AugUKt.     ... 

September  . 

October 

November . . 

December  . . 

1867. 

May 

June 

July 

August 

September.. 
October .... 
Novemb<-r . . 
December  . . 


FORT  NIAGARA,  NEW  YORK. 


0.16 
0.47 
0.96 
1.48 
2.19 
2.22 


1859. 
June 
July 
August 
September 
October 
November 
December 

1860. 
January 
February 
March 
April 
May. 
June 
July 
Auffuit \  1.53 


2.26 
2.39 
1.41 
1.89 
1.65 

\.^    \.^^ 


1860. 
September.. 
October  .  . . . 
November . . 
December .  . 

1861. 
January.  ... 
February... 

March 

April 

May 

June.  

July 

August 

^%^Vssi\n.ber.. 


1.80 
2.11 
2.23 
2.14 

2.30 
2.38 
2.50 
2.31 
0.95 
0.36 
0.38 
0.51 
1.01 


1.88 
2.22 
2.24 
2.13 

2.35 
2.42 
2.47 
2.32 
0.66 
0.38 
0.38 
0.53 
1.09 
Q.91 


1.93 
2.33 
2.19 
2.23 

2.37 
2L39 
2.46 
2. 13 
0.55 
0.39 
0.41 
0.60 
1.18 

,  a92 


1.98 
2.33 
2L11 
2.24 

2.37 
2.32 
2.52 
1.75 
0.54 
0.38 
0.44 
a  71 
1.21 

a94 

L19l 


2.28  2 

%n  ' 

2.29  ' 

2.36    i 
2.34 
2.43 
1.43 
a  51 

ail' 

0.47 

aw; 

1.21 1 

\.m\ 
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Bi-Jive  day  means  of  the  depressions  of  the  water  surface^  tfc, — CoDtinned. 

FORT  NIAGARA.  NEW  YORK. 


Dat«. 


o 

r-t 
O 


1861. 
December.  .. 

186-2. 

JaDoary 

February .  . . 

March 

April 

May 

June 

July 

Augnxt 

September .  . 

October 

November. .. 
December  — 

1863. 
January.  .  .. 
February.  .  . 

March 

April 

May 

June 

July 

AUf^UNi 

September  .  . 

October 

November... 
December.  .. 

1864. 

January 

February  ,  . . 

March 

April 

May 

June 

July 

Anguft 

September .  . 

October 

November.  .. 
December.  .. 


1.19 

1.44 
1.81 
2.07 
2.23 
0.51 
0.27 
0.27 
0.68 
1.18 
1.54 
2.05 
2.28 

2.36 
2  32 
2.38 
2.27 
1.33 
0.74 
0.  95 
1.19 
1.75 
2.09 
2.57 
2.53 

2.53 
2. 76 
2.95 
3.02 
1.66 
0.70 
l.OU 
1.57 
1.93 
2.24 
2.31» 
2.29 


5 


CO 


1.23 

1.53 
1.86 
2.13 
2.22 
0.25 
0.a3 
0.29 
0.76 
1.24 
1.56 
2.08 
2.31 

2.38 
2,33 
2.38 
2.  14 
1.04 
0.78 
1.10 
1.34 
1.88 
2.  14 
2.60 
2.51 

2.  52 
2.8-2 
2.96 
3.04 
2.43 
0.76 
1.02 
1.59 
1.92 
2.33 
2.37 
2.29 


5 


•3 


1.96  !  1.28 


1.60 
1.91 
2.13 
2.22 
0.17 
0.36 
0.39 
0.80 
1.28 
1.64 
2.14 
2.36 

2.37 
2.35 
2.38 
1.90 
0.97 
0.86 
1.19 
1.43 
1.96 
2,26 
2.62 
2.52 

2.54 
2.86 
2.97 
2. 9.1 
2.29 
0.81 
1.07 
1..58 
1. 95 
2.33 
2.36 
2.32 


1.65 
1.96 
2.  16 

2.:k) 

0.  13 
0.38 
0.45 
0.88 
1.33 
1.77 
2.25 
2.38 

2.33 
2.:J7 
2.36 
\.64 
0.97 
0.87 
1.15 
1.46 
2.00 
2.35 
2.  63 
2.50 

2.56 
2.91 
98 
51 
22 
0.80 
1.16 
1.59 
2.02 
2.40 
2.  32 
2.33 


2. 
1. 


et 


1.29 

1.71 
2.01 
2.22 
2.36 
0.  14 
0.38 
0.53 
l.Ol 
1.43 
1.92 
2.3:1 
2.38 

2.30 

2.:» 

2.31 
1.63 
0.89 
0.89 
1.06 
1.48 
2.06 
2.41 
2.60 
2.50 

2.58 
2.  93 
2.98 
2.  15 
1.00 
0.81 
1.38 
1.65 
2.07 
2.46 
2.33 
2.33 


2 


1.35 

1.76 
2.04 
2.23 
1.53 
0.20 
0.33 
0.61 
1.12 
1.51 
2.03 
2.31 
2.37 

2.30 
2.38 
2.27 
1.62 
0.79 
0.90 
1.05 
1.62 
2.09 
2.51 
2.55 
2.51 

2.64 
2.93 
2.W 
1.94 
0.75 
0.87 
1.52 
1.81 
2.12 
2.44 
2.32 
2.32 


Dat«. 


.a 
o 


1865. 

January.  .. 
February. . 

March 

April 

May 

June 

July 

Auf^unt.  ... 
September. 
October .  . . 
November . 
December  . 

1866. 

January. .. 
February. . 
March  .  ... 

April 

May 

June 

July 

Aui^iit.  ... 
September. 
October.  ., 
November . 
December  . 

1867. 

January. .. 
February. . 

March 

April 

May 

June 

July 

Augniit .  . . . 
September. 
October . .  , 
November . 
December  . 


2.30 
2.33 
2.32 
2.52 
2.78 
2.23 
1.75 
1.56 
2.07 
2.54 
2.93 
3.06 


3.20 
3.32 
3.20 
2.86 
2.45 
2.20 

i.eo 

1.95 
2.14 
2.24 
2.03 
2.04 


1.82 
1.80 
1.83 
1.87 
2.05 
2.41 
0.60 
0.58 
0.69 


A 


(O 


2.30 
2.  .34 
2.32 
'2.56 
2.76 
1.99 
1.58 
1.56 
2.08 
2.57 
2.93 
3.10 


3.24 
3.33 
3.21 
2.76 
2.17 
1.91 
1.82 
2.00 
2.14 
2.25 
2.03 
1.97 


1.80 
1.80 
1.83 
1.90 
2.12 
0.41 
0.62 
0.  5U 
0.80 


5 


2.32 
2.32 
2.35 
2.58 
2. 52 
1.82 
1.48 
1.(36 
2.15 
2.74 
2.95 
a  13 


3.23 
3.34 
3.22 
2.62 
2.02 
1.81 
1.83 
2.03 
2.16 
2.15 
2.01 
1.89 


1.79 
1.79 
1.83 
1.93 
2.01 
0.41 
0.62 
0.:i8 
0.90 


5 

CO 


2.31 
2.30 
2.41 
2.61 
2  33 
1.80 
1.48 
1.91 
2.35 
2.83 
2.97 
3.13 


3.25 
a  34 
.'J.  17 
2.56 
2.  13 
1.78 
1.84 
2.05 
2.18 
2.03 
2.00 
1.85 


1.80 
1.81 
1.84 
1.97 
1.57 
0.  42 
0.63 
0.34 
1.00 


o 
55 


2.31 
2.31 
2.43 
2.65 
2.32 
1.81 
1.48 
2.04 
2.50 
2.86 
2.99 
3.14 


3.28 
3.34 
3.12 
2.51 
2.32 
1.80 
1.84 
2.07 
2.21 
2.04 
2.02 
1.85 


1.81 
1.80 
1.85 
1.99 
0.80 
0.46 
0.62 
0.41 
1.04 


t 
2 


2.28 
2.32 
2.46 
2.71 
2.32 
1.81 
1.51 
2.05 
2.53 
2.90 
a  02 
a  16 


a  29 
a  26 
a  00 

2.51 
2,30 
1.80 
1.88 
2.11 
2.24 
2.03 
2.03 
1.93 


1.80 
1.82 
1.87 
2.01 
0.50 
0.54 
0.60 
0.53 


CHARLOTTE.  NEW  YORK. 


1659. 

June 

July 

August 

September .  . 

October 

November. .. 
December . . . 

1860. 

January 

February  .  . . 

March 

April 

Miy 

June 

July 

AugnMt 

September.  . 

October 

November.  .. 
December.  .. 

1861. 

January 

Feliruary  .  .. 

March 

April 

May 

June 

July 


0.28 
0.58 
1.22 
1.64 
2.37 
2.11 

2.19 
2.26 
2.25 
2.19 
2.08 
1.74 
1.72 
1.62 
2.08 
2.42 
2.28 
2.15 

2.37 
2.65 
2.02 
1.69 
0.88 
0.47 
0.40 


0.38 
0.66 
1.34 
1.76 
2,42 
2.01 

2.15 
2.30 
2.18 
2.18 
2.02 
1.72 
1.69 
1.63 
2.16 
2.46 
2.19 
2.20 

2.42 
2.56 
1.97 
1.59 
0.74 
0.43 
0.39 


0.41 
0.78 
1.45 

2.49 
2.00 

2.10 
2.34 
2.  18 
2.17 
1.96 
1.72 
1.64 
1.76 
2.2:1 
2.40 
2.  18 
2.26 

2.44 
2.37 
1.96 
1.45 
0.62 
0.41 
0.40 


0.16 
0.43 
0.91 
1.53 
1.92 
2.32 
2.02 

2.13 
2.35 
2.16 
2.13 
1.92 
1.73 
1.57 
1.90 
2.28 
2.35 
2.18 
2.25 

2.44 
2.23 
2.00 
1.32 
0.59 
0.40 
0.43 


0.21 
0.49 
1.01 
1.5:1 
2.08 
2.28 
2.00 

2.13 
2.34 
2.14 
2.10 
1.89 
1.74 
1.57 
1.91 
2.  .12 
2.36 
2.21 
2.23 

2.49 
2.27 
1.97 
1.21 
0.54 
0.45 
0.48 


a23 
0.56 
1.07 
1.58 
2.24 
2.  22 
2.08 

2.19 
2.31 
2.20 
2.  11 
1.82 
1.74 
1.61 
1.97 
2.36 
2.34 
2.  16 
2.32 

2.58 
2.22 

1.81 
1.04 
0.49 
0.44 
0.50 


1861. 
August. ... 
September. 
October  . . . 
November. 
December. 

1862. 
January . . . 
February. . 

March  . 

April 

May 

June 

July 

August.  ... 
September. 
October . .  . 
November  . 
December  . 

1863. 
January . . . 
February. . 

March 

April 

May 

June 

July 

Auguftt  .  . . 
September. 


0.54 
1.08 
0.99 
1.06 
1.26 

1.59 
1.83 
2.10 
1.:J3 
0.25 
0.24 
0.37 
0.52 
1.05 
1.59 
1.99 
2.27 

2.28 
2.07 
1.88 
1.60 
0.83 
0.68 
0.91 


0.66 
1.18 
0.95 
1.04 
1.28 

1.66 
1.88 
1.98 
1.21 
0.12 
0.29 
0.40 
0.60 
1.14 
1.67 
2.05 
2.33 

2.28 

1.99 
1.86 
1.49 
0.79 
0.69 
0.93 


1.  15  I  1.  20 
1. 72  I  1.  83 


0.74 

0.7S 

0.86 

1.23 

1.29 

1.19 

0.97 

1.02 

1.10 

1.09 

1.  16 

1.21 

1.29 

1.34 

1.40 

1.67 

1.73 

1.78 

1.97 

2.03 

2.03 

1.74 

1.62 

1.66 

I.  08 

0.74 

0.51 

0.10 

0.09 

0.10 

0.30 

0.32 

0.33 

0.43 

0.  42 

0.40 

0.73 

0.81 

0.92 

1.26 

1.34 

1.44 

1.76 

1. 8;i 

1.90 

2.19 

2.24 

2.19 

2.28 

2.25 

2.27 

2.20 

2.17 

2.14 

2.00 

2.00 

1.96 

1.87 

1.92 

1.79 

1.25 

1.00 

0.89 

0.72 

0.68 

0.69 

0.76 

a  78 

0.82 

0.98 

1.04 

1.09 

1.26 

1..36 

1.46 

1.86 

1.87 

1.97 

0.95 
1.07 
1.13 
1.21 
1.48 

1.81 
2.07 
1.57 
0.36 
0.14 
0.36 
0.43 
1.00 
1.54 
1.95 
2.22 
2.25 

2.10 
1.91 
1.63 
a85 
0.71 
0.89 
1.12 
1.58 
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Bi'five  day  means  of  the  depressions  of  the  water  surface,  ifc, — Continued. 

CHAKLOTTE,  NEW  YORK. 


Date. 


■ 

4 

U3 

S 

Si 

r>4 

r^ 

O 

3 

■»* 

.c 

as 

«o 

1863. 

October 

November. .. 
December.  .. 

18ri4. 

Jannary 

TFebmary.... 

March 

April 

May 

June 

July 

AugUKt 

September  .  . 

October 

November.  .. 
December.  .. 

1665. 

Jannary 

February  .  . . 

March 

April 

May 

June 

July 

August 

September  .  . 
October 


2.13 
2.51 
2.42 

2.65 
2.56 
2.69 
2.38 
1.42 
0.56 
0.86 
1.30 
1,77 
2.15 
2.20 
1.97 

2.08 
2.47 
2.60 
1.55 
1.36 
1.22 
1.35 
1.77 
2. 32 
2.52 


2.21 
2.54 
2.48 

2.65 
2.55 
2.57 
2.18 
1.19 
0.57 
0.93 
1.37 
1.92 
2.17 
2.12 
1.89 

2.12 
2.48 
2.54 
1.52 
1.29 
1.23 
1.40 
1.79 
2.31 
2.59 


X3 


2.29 
2.53 
2.44 

2.65 
2.61 
2.45 
l.!^8 
0.88 
0.63 
1.05 
1.45 
1.99 
2.26 
2.08 
1.91 

2.16 
2.53 
2.  19 
1.50 
1.24 
1.28 
1.49 
1.90 
2.  .30 
2.64 


• 

3 

• 

5 

3 

g 

iS 

2 

o 

o 

U3 

«• 

U3 

<-> 

a 

^* 

'•O 

CI 

2.39 

» 

2.31 

2.51 

2.42 

2.38 

2.38 

2.75 
2.70 
2.50 
1.87 
0.75 
0.7a 
1.15 
1.54 
2.06 
2.35 
2.16 
1.93 

2.26 
2.62 
1.79 
1.48 
1.17 
1.32 
1.56 
2.00 
2.32 
2.69 


2.62 
2.74 
2.56 
1.72 
0.67 
0.76 
1.21 
1.53 
2.13 
2.34 
2.19 
1.92 

2.  .36 
2.65 
1.68 
1.47 
1.15 
1.33 
1.59 
2.13 
2.37 
2.77 


2.  42  I  2.  52     2, 56 


2.64 

2.70 
2.51 
1.54 
0.57 
0.80 


25 

58 


2.17 
2.25 
2.09 
2.01 

2.43 
2.62 
1.61 
1.45 
1.19 
1.33 
1.68 
2.25 
2.43 
2.85 


Date. 


• 

« 

.s 

us 

ji 

.a 
o 

5 

c 

c 

o 

o 

.a 

.a 

** 

.^^ 

£i 

** 

«rf 

s 

Cfi 

** 

p'm 

:o 

^m 

•-H 

<o 

"^ 

e«     1 

1865. 
November . 
December . 

1866. 
January . . . 
February. . 

March 

April 

May 

June 

July 

AngiiRt 

September. 
October . .  . 
November  . 
December  . 


2.90 

ao3 

3wl4 
3.48 
.3.30 
3.02 
2.48 
2.09 
1.86 
1.90 
2.24 
2.25 


2.43 
1.99 


1867. 

January. ...    1.86 
February.  ..i  2.04 

March |  1.82 

April ;  1.63 

MHy I  0.95 

June 0.;J2 

July j  0.42 

AUfHlBt 0.71 

September 

October i 


2.96 
3.04 

3.24 
3.51 
3.31 
2.93 
2.43 
2. 02 
1.84 
1.97 
2.21 
2.28 
2.50 
1.90 


3.07 
3w07 

3.31 
3.53 
a23 
2.88 
2.38 
1.95 
1.85 
2.04 
2.21 
2.33 
2.  .39 
1.85 


2.02 
1.81 
1.46 
(».79 
0.30 
0.49 
0.53 


1.96 
1.81 
1.37 
0.67 
0.28 
0.56 


1.85     1.92      1.99 


3.07 
3.10 

a  32 
3.55 

aoe 

2.78 
2.34 
1.88 
l.-SG 
2.(»6 
2.24 
2.40 
2.23 
1.82 


1.87 
1.84 
1.29 
0.59 

aso 

a64 


3.03 
3.14 

3.34 
3.49 
3.04 
2.60 
2.28 
1.87 
1.* 
2.14 
2.24 
2.45 
2.18 
1.78 


1.86 
1.84 
1.21 
0.4.?? 
a36 
0.72 


104 

3.12 

140 
134 
10i» 
150 

Q  01 
«.  •! 

2.23 
224 
2.43 
ill 
1.80 


2,02     i06 


l.lS 
1.81 
1.11 

asd 

0.38 
0.79 


SACKETT'S  HARBOR.  NEW  YORK. 


1859. 

Jnne 

July 

Angniit 

September .  . 

October 

November... 

1860. 

March 

April 

May 

June 

July 

August 

September.  . 

October 

November.  .. 
December . . . 


0.40 
0.56 
1.03 
1.57 
2.33 


2.19 
2.03 
1.66 
1.63 
1.66 
1.87 
2.42 
2.54 
2.50 


0.49 
0.61 
1-07 
1.70 
2.39 


2.17 
1.97 
1.64 
1.62 
1.71 
2.05 
2.43 
2.47 
2.61 


0.51 
0.74 
1.25 
1.74 
2.38 


2.14 
1.83 
1.64 
1.57 
1.78 
2.14 
2.51 
2.39 
2.68 


0.49 
0.83 
1.51 

i.8:j 
2.40 

2.12 
2.11 
1.83 
1.65 
1..53 
1.76 
2.12 
2.65 
2.18 
2.68 


0.27 
0.47 
0.87 
1.53 
2.04 
2.32 

2.03 
2.06 
1.85 
1.68 
1.59 
1.73 
2.13 
2.61 
2.16 


0  32 
0.51 
0.88 
1.52 
2.19 
2.34 

2.11 
2.01 
1.76 
1.65 
1.63 
1.  73 
2  27 
2.56 
2.38 
2.42 


1861. 
Jannary... 
February . . 

March 

April 

May  .  .   ... 

Jnae 

July 

August.  ... 
September. 
October  . . , 
November. 
December . 

1862. 

January . . . 

March 

April 


2.46 
2.64 
2.72 
2.12 

o!62 
0.57 
0.65 


2.74 
2.66 
2.76 
1.95 
1. 00 
0.56 
0.50 
0.78 


1.37 
1.42 


1.52 

i.*3i' 


1.35 
1.43 


1.49 
1.51 
1.27 


2,67 
2.70 
2.77 
1.82 
0.90 
0,52 
a50 


1.43 
1.36 


1.49 
1.45 
1.22 


2.66 
2.69 
2.79 
1.  f>4 
0.75 
0.53 
0.53 


2.69 
2.66 
2-74 
1.52 
a65 
a55 
0.57 


2.65 

2.*« 
1.39 
0.(51 
0..=»9 
0.62 


1. 01  1.16  1.30 
1.54  1.53  1.43 
1.31      1.48  ;  LH 


1.4L      1.38     1.33 


The  means  for  all  the  stations  on  eaeh  lake  were  separately  plotted 
and  a  mean  curve  was  drawn  with  a  free  hand.  These  curves  for  the 
different  lakes  and  Detroit  river  are  given  in  the  accompanying  plate. 

In  the  report  for  1860  I  gave  the  curves  of  the  several  lakes  and 
Detroit  iiver  for  the  10  yeais  pre^ious;  this  was  mostly  compiled  from 
old  notes  at  different  places. 

In  the  present  plate  I  dujilicate  the  last  year  on  the  former,  and  con- 
tinue it  to  the  present  time.  I  also  give  the  curve  of  the  monthly  rain- 
fall in  a  dotted  line  on  the  same  plate.  In  the  following  table  I  have 
also  placed  in  consecutive  columns  the  mean  yearl}*  stage  of  water  below 
the  high  water  of  1838,  and  the  yearly  rain-fall : 
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Mean  yearly  stage  of  water  below  the  high  water  of  1638,  and  the  yearly  rain-fall. 


183i). — Mean  levfl  of  water feet.  . . 

Yearly  raiu-fall inohen. 

1860. — Mean  level  of  water feet. .  . 

Yearly  raiu-fall inclies. 

1861. — Mfnn  level  of  water feet..  . 

Yearly  niiu-fall incheii. 

1862. — Meaii'levfl  of  water feet..  . 

Yearly  rain -fall inches. 

1863. — Mean  level  of  water Wvt. .  . 

Y'early  rain -full incheit. 

1864. — Mt-au'level  of  water feet..  . 

Y'early  raiu-fall iucheM. 

1865. — Mean  level  of  water feel..  . 

Yearly  rain-fall incheii. 

ISGG. — Mean  level  of  water feet..  . 

Yearly  rain -fall incheu. 

1867. — Mean  level  of  water feet . .  . 

Y'early  rain-fall inched. 


Meanii. — Mean  level  of  water. . . .feet . .  . 
Yearly  rain-fall inches. 


o 
•c 

a 
« 

3 


• 

c 

:       S. 

• 

e 

1      S 

2 

» 

s 

i 

S 

o 

e 

M 

M 

1    3 

i 

24.59 
21.79 


27.65 


26.82 
23.99 


26.75 


1.24 
27.90 


24.31 

36.  ia 

•  «  ■  •  •  • 

28.72 


2.00 
26.84 

1.85 
28.47 

1.93 
30.52 

2.41 
32.40 

3.18 
27.71 

'.'..  21 
30.  ("8 

3.  55 
32.29 

3.23 
24. 62 


2.67 
29.12 


1.  .57 


21.78 

1.  62 
28.34 

1.64 
30.83 

2.15 
31.14 

2.57 
25.47 


28.03 

1.66 
38. -10 

1.59 
31.44 

1.79 
30.37 

2.12 
25.J-8 

2.68 


2.61 


,    29.33 

21.10 

32.67 

2.49 

2.46 

1*9.  56 

31.72 

38.15 

2.38 

2.43 

,    20.20 

26.87 

28.61 

1.80 

2. 10 

2.01 

26.06 

29.23 

33.70 

1.77 
30.54 


2. 14 
29.23 


A  careful  study  of  the  curves  and  of  the  amounts  in  the  above  table 
will  show  that  the  fluctuations  of  the  water  level  cannot  be  entirely 
accounted  for  by  the  ditl'erence  in  the  amount  of  rain-fall.  In  Lake 
Michigan,  for  instance,  from  the  table  it  will  be  seen  that  the  amount  of 
rain-fall  tor  the  years  1800  and  1801  was  below  the  average,  while  the 
water  was  quite  high;  in  1802  and  1803  the  rain-fall  was  above  average 
and  the  water  falling  rapidly,  and  so  on. 

In  Lake  Ontario,  in  1801,  tlie  water  rose  apparently  in  accordance  with 
the  large  amount  of  rain  during  the  year,  while  in  1802  the  mean  level 
of  the  water  was  the  same,  while  the  rain-fall  was  nearly  10  inches  less. 
These  ditt'erences  would  seem  to  show  that  there  is  some  means  bj'  which 
water  reaches  the  lakes  besides  that  drained  from  the  water-shed.  As 
from  the  numerous  artesian  wells  which  have  been  sunk  within  the  past 
few  years  it  is  plainly  shown  that  there  are  large  bodies  of  water  and 
even  rivers  beneath  the  surface,  and  as  the  lakes  form  deep  dejiressions 
(the  bottom  of  Lake  Superior  is  about  400  feet  below  the  sea  level)  with 
which  these  subterranean  reservoirs  may  communicate,  it  is  not  improba- 
ble that  they  may  bring  to  the  lakes  tlie  water  from  regions  far  beyond 
the  boundary  line  of  their  limited  drainage.  For  the  basin  of  the  lakes 
is  small  compared  with  their  surface,  the  line  between  the  water-shed  of 
the  Mississippi  river  and  its  tributaiies  and  that  of  the  lakes  is  not  more 
than  five  or  ten  miles  ftom  the  latter,  and  the  amount  of  water  which 
flows  out  of  them  is  much  more  than  the  inflow  from  the  surfiice  drain- 
age, a.s  I  have  shown  in  my  report  on  the  measurements  for  the  determi- 
nation of  the  outflow  of  the  lakes. 
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The  following  table  shows  the  time  of  high  and  low  water  in  the  sev- 
eral lakes  and  Detroit  riv  er : 


Year. 


1859. 
18«0. 
1861. 
1802. 
1863. 
1864. 
1865. 
1866. 

1867. 


Lake  Michigan. 


if 

99 


Jnlj  10 
Aug.  10 
Aug.  25 
June  25 
June  15 
May  25 
May     5 

July    5 


Dec.  30 
Dec.  30 
Jan.  25 
Feb.  10 
Dec  30 
Dec  30 
Dec.  30 
Jan.     1 

Jan.     1 


Lake  Huron. 


Detroit  river. 


ee 
60 


July  20 
July  20 
Aug.  5 
Oct.  10 
June  5 
June    5 


eS 
3 


Jan.     5  

Dec.  30  I 

Jan.  18  Aug.  15 
Mar.  25  April  30 
Dec  30  I  May     5 


Feb.     1 


June  15 
July  15 
Jan.  10 
July  20 
June  20 


u 
it 

as 

o 


Feb.  10 
Feb.  25 
Dec  15 
Mar.  20 
Feb.  25 
Jan.    20 

Mar.  15 


Lake  Erie. 


u 


June  20 
May  25 
Jnne  15 
May  5 
May  20 
May  25 
July  1 
July  10 

June  15 


O 


Nov. 
Feb. 
Feb. 
Mar. 
Dec 
Jan. 
Feb. 
Feb. 


15 

20 
90 
5 
30 
10 
20 
10 


LakeOotano. 


2 

id 


S 


Feb.   15 


July  30 
June  25 
May  25 
June  5 
June  5 
June  1 
July  5 
Dec  30 
Jnne  15 


KoT.  15 

Ffb.  20 

Feb.  5 

Dw,  15 

Nov.  15 

Mar.  1 

Dtt.  30 

Ffb.  15 

Feb.  I 


From  this  it  will  be  seen  that  there  is  no  regular  time  for  high  or  low 
water,  but  that  it  can  only  be  said  that  the  former  is  generally  in  sum- 
mer and  the  latter  in  \\inter. 

The  water  in  the  Detroit  river  is  more  aflfected  by  the  direction  of  the 
wind  than  at  any  other  place,  for,  on  account  of  the  sud<len  bend  in  tlie 
river,  a  southwest  wind  will  blow  the  water  out  of  both  ends  of  the  river, 
and  a  northeast  wind  will  bring  down  the  water  from  Lake  St.  Clair  and 
back  it  up  at  Lake  Erie.  This  is  shown  in  1866  in  the  table,  thehighevst 
and  lowest  stage  of  the  water  occuring  in  the  month  of  January;  in  that 
month,  there  having  been  first  a  strong  southwest  and  then  a  strung 
northeast  wind,  making  the  difference  of  the  highest  and  lowest  level  of 
the  water  over  three  feet. 

In  Lake  Ontario  during  this  year  the  water,  after  reaching  the  sum 
mer  maximum  in  July,  fell  slightly  and  then  rose  again  to  the  elose  of 
the  year.  This  is  an  anomaly  not  easily  accounted  for,  for  the  rainfall 
of  the  year  on  that  lake  is  not  much  above  the  average,  and  it  is  pretty 
eqnally  distributed  through  the  seasons. 

At  Buffalo,  however,  the  autumn  rain  is  nearly  one-half  the  amount 
for  the  year,  and  at  Cleveland,  in  the  month  of  June,  nearly  11  inches 
fell;  the  autumn  amount  being  also  quite  large;  this  mjiy  have  passetl 
into  Lake  Ontario,  raising  it  without  much  afte<!ting  Lake  Erie.  Thi^ 
supposition  seems,  however,  rather  more  improbable  than  that  of  a  sub- 
terranean inflow.  But  all  of  these  speculations  only  show  how  little  ff^ 
really  know  of  the  reasons  of  the  tiuctuations  in  the  lakes,  and  whieii 
can  only  be  found  out  by  more  extended  series  of  observjitions. 

I  inclose  the  following  table  and  explanation,  compiled  by  Mr.  J.  S* 
Lapham,  LL.D.,  the  observer  at  Milwaukee,  Wisconsin.  The  temF^- 
ture  curves  are  also  given  on  the  accompanying  plat«. 

The  study  of  these  are  very  interesting,  and  I  hope  that  Mr.  Laphano 
may  be  induced  to  make  further  contributions  of  this  natiu^e. 
I  remain,  very  respectfully,  your  obedient  servant, 

D.  FARRAXD  HENRY, 

Assistant  Lake  Surrej/. 

Brevet  Brigadier  General  W.  F.  Raynolds, 

In  efutrge  Lake  Sm^ey. 
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Milwaukee,  January  10,  1868. 

Dear  Sir  :  I  have,  with  much  labor,  carefully  ascertained  the  meau 
;mx)erature  of  every  day  in  the  year  at  this  place  from  all  the  observa- 
ons  up  to  December  31,  18(37,  covering  24  to  27  years.  These  have 
3en  reduced  to  equivalent  hourly  observations  by  the  use  of  the  Toronto 
ibles.  As  the  resulting  curve  still  has  numerous  short,  irregular  fluc- 
lations,  a  mean  curve  has  been  found  by  construction. 
This,  when  compared  with  what  may  be  called  the  normal  curve  of 
mp^rature,  (curve  of  the  sines,)  shows  the  effects  of  extraneous  or 
cal  causes,  and  brings  out  some  interesting  facts,  which  I  presume  will 
3  of  interest  to  the  lake  survey.  I  therefore  send  you  a  rough  profile, 
ith  the  figures  ujion  which  it  is  based. 
You  will  notice  that  it  shows — 

1st.  An  unexplained  elevation  of  temperature  about  March  1. 
2d.  The  "  little  wintei^  in  April. 
3d.  A  depression  in  May  and  June. 

4th.  An  elevation  in  August,  September,  and  October,  due  to  the 
ifluence  of  the  waters  of  Lake  Michigan. 

5th.  The  "Lidian  summer'^  is  shown  by  a  swell  in  the  curve  for 
ovember. 

Very  truly  yours, 

I.  A.  LAPHAM. 
General  W.  F.  Eaynolds, 

In  charge  Lale  Survey. 

ible  showing  the  normal  and  mean  temperatures  corrected  for  hourly  observations  for  every  ^ve 
days.  Compiled  by  L  A.  Lapham,  from  observations  made  during  26  years  ending  December 
31,  1867,  at  Mtlwaukee,  Wisconsin. 


Date. 

Temperature.          i 

T\«. 

Temperature. 

1 

i 

Date. 

Temperature. 

Date. 

- 

Normal. 

Mean. 

Diflf.    i 

Normal. 

Mean. 

Diff. 

Normal. 

Mean. 

Diff. 

J 

o 

0 

o 

o 

0 

o 

n.      17 

21.0 

21.0 

0.0  ' 

May 

20 

58.1 

51.1 

-+4.0 

Sept.  20 

56.6 

59.8 

-a  9 

20 

21.0 

21.1 

—0.1 

25 

59.8 

55.6 

+4.2 

1             25 

54.7 

57.6 

—2.9 

25 

21.2 

21.6 

—0.4 

31 

61.7 

57.6 

+  4.1 

;         30 

52.7 

55.6 

—2.9 

31 

21.7 

22.0 

—0.3 

Jane 

5 

63.2 

60.7 

+2.5 

Oct.      5 

50.8 

55.3 

—9.7 

b.       5 

22.2 

22.8 

—0.6 

10 

64.7 

62.2 

+2.5 

10 

48.6 

51.5 

—2.9 

10 

23.0 

23.6 

—0.6 

15 

65.9 

64.1 

+  1.8 

15 

46.6 

49.0 

-9.4 

15 

2:j.9 

24.8 

—0.9 

80 

66.9 

66.1 

+  0.8 

20 

45.4 

46.5 

—1.1 

20 

25.1 

26.3 

—1.  2 

25 

67.8 

67.9 

—0.1 

25 

42.2 

44.5 

—9.3 

25 

26.4 

27.8 

*— 1.4  1 

30 

68.6 

68.6 

0.0 

31 

39.8 

43.0 

—3.9 

2gi 

27.1 

28.7 

—1.6 

July 

5 

69.1 

68.8 

+0.3 

Nov.     5 

37.8 

41.3 

—3.5 

M-.       5 

28.6 

29.8 

—1.2 

10 

69.' 6 

69.3 

+  0.3 

10 

35.9 

39.3 

—3.4 

10 

30.3 

31.1 

—0.8 

15 

69.7 

69.6 

+0.1 

15 

33.8 

37.2 

-3.4 

15 

32  0 

32.4 

—0.4 

18 

69.8 

69.8 

0.0 

20 

32.2 

35.0 

-9.8 

20 

33.7 

33.7 

—0.0 

20 

69.8 

69.7 

+0.1 

25 

30.5 

.32.7 

—9.9 

25 

35.6 

35.7 

—0.1 

25 

69.6 

69.3 

+0.3 

30 

28.8 

30.8 

—9.0 

31 

38.0 

:«.o 

—0.0 

31 

69.3 

69.0 

+0.3 

Dec.     5 

27.4 

28.6 

-1.9 

?ril      5 

40.0 

39.3 

+0.7  ; 

Aug. 

5 

68.6 

69.0 

—0.4 

10 

26.1 

26.7 

—0.6 

10 

42.0 

41.5 

+  0.5 

10 

68.1 

68.6 

—0.5 

15 

24.9 

S5.3 

— a4 

15 

44.2 

43.1 

4-1.1 

15 

67.1 

68.3 

—1.2 

20 

23.7 

24.3 

—0.6 

20 

46.1 

44.6 

+  1.5 

20 

66.1 

67.8 

—1.7 

25 

23.0 

23,4 

—0.4 

25 

48.3 

45.9 

+2.4 

25 

64.9 

66.8 

—1.9 

31 

22.0 

22.4 

—0.4 

30 

50.3 

47.0 

+3.3 

31 

63.2 

65.9 

—2.7 

Jan.     5 

21.5 

22.2 

-0.7 

%y       5 

52.5 

49.0 

+  3.5 

Sept. 

5 

61.7 

64.8 

—3.  I 

10 

21.1 

91.5 

—0.4 

10 

54.4 

5).  6 

+-a8  : 

10 

60.0 

63.5 

— .^5 

15 

21.0 

21.1 

—0.1 

15 

56.4 

52.5 

+-3.9 

15 

58.3 

61.8 

—3.5 

17 

21.0 

21.0 

ao 

=  annual  mean  temperature  =  45°.  4  Fahr. 

goo  a  __ oio 
=  radiiu  or  \  the  mean  range  =  — i— . -_ ^i_ 

i 

.    Day  =  ?^_  =  0O98563  =  59^  138. 
'        365.25 

=  A  ±  R.     Sin  X' 

;  quad.  Y  =  A  +  R  rin  x  —  90°. 
quad.  Y  =  A  +  R  cog  X  —  180©. 

63  w— Part  n 


=240.4. 


3d  quad.  Y  =  A  —  R  nln  x  —  270©. 

4th  quad.  Y  =  A  —  R  cos  x* 

Mlu.,  January  17. 

Means,  April  24  and  October  22. 

Max.,  July  18. 

Above  the  mean,  April  24  —  October  22  =  181  dayi. 

Bf  low  the  mean.  October  22—  April  24  =  184i  dayt. 

From  January  17  to  July  18  =  182i  days. 

From  July  18  to  January  11  ^=  V^  ^tt.^%. 
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26 

-  8 

.018 

.095 

12 

29.183 

29.096 

29.213 

29.164 

4 

25 

24 

5 

26 

25 

ia7 

26 

-  7 

.09S 

.193 

i:\ 

29.349 

29.435 

29.697 

29.494 

21 

26 

9 

92 

27 

10 

19.7 

28 

8 

.101 

.199i 

.054.00S 

14 

29.756 

29.839 

29.782 

29.793 

-3 

11 

4 

-9 

19 

5 

05.0 

17 

-8 

.086 

.061 

.041.0C] 

15 

29.618 

29.222 

2a  841 

29.227 

7 

17 

.23 

8 

19 

94 

17.0 

85 

-  3 

.048 

.071 

.ii£  on 

16 

28.594 

28.800 

29.110 

28.835 

15 

30 

21 

16 

32 

93 

93.7 

35 

15 

.074 

.144 

.090.109 

17 

29.337 

29.311 

29.293 

29.314 

7 

17 

14 

8 

18 

15 

ia7 

25 

5 

.048 

.« 

.fl7lfOI7 
.054400 
.046^045 

18 

29.422 

29.461 

29.  .'H6 

29.476 

10 

18 

9 

11 

20 

10 

117 

25 

10 

.057 

.076 

19 

29.535 

29.447 

29.433 

29.472 

4 

7 

7 

5 

16 

18 

09.7 

17 

3 

.041 

20 

29.466 

29.472 

29.477 

29.477 

9 

9 

9 

10 

10 

10 

lao 

15 

8 

.054 

.064 

.054^.054 

21 

29.511 

29.556 

29.632 

99.567 

6 

15 

-  6 

7 

16 

-5 

O&O 

91 

-5 

.046 

u074 

.Ott.Od 

22 

29.534 

29.510 

29.027 

29.357 

-11 

9 

11 

-10 

10 

12 

04.0 

15 

-80 

.014 

.054 

.ooi.oq 

33 

29.007 

28.994 

29.111 

29.037 

-3 

11 

9 

-  9 

19 

3 

04.3 

17 

-  3 

.026 

.061 

.oio.ou 

24 

29.337 

29.291 

29.277 

29.302 

-16 

7 

-  4 

-15 

8 

-  3 

-03.3 

15 

-81 

.009 

.04a.t)95.a7 

25 

29.206 

29.229 

29.331 

29.254 

-7 

25 

17 

-  6 

27 

18 

13.0 

33 

-11 

.080 

.  112).  08ft.  (m 

26 

29.473 

29.324 

29.546 

29.448 

-  4 

18 

17 

-3 

20 

18 

11.7 

94 

-  4 

.085 

.076.083|.eSl 
.069.09910^1 

27 

29.519 

29.410 

29.395 

29.441 

11 

25 

19 

19 

29 

90 

90.3 

30 

19 

l06I 

28 

29.411 

29.313 

29.166 

29.297 

19 

19     15 

90 

20 

17 

19.0 

85 

40 

10 

.092 

.098 

.06}.Ott 

Meaoi 

29.307 

29.279 

29.298 

29.295 

04.0 

17.8 

ia2 

05.0 

20.5 

13.9 

19.9 

.049 

.087. 

""f-1 

'      / 
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the  northern  and  northwestern  tahee  at  Superior  City,  Wisconsin, 


TAFOR. 

WI5D. 

Amount  of 
cloudiness. 
(0=clear 
sky.) 
(10=8ky  en- 
tirely over- 
cast) 

Amount  of  evaporation,  in 
U.  8.  inches  and  deei- 

mnlH. 

melted 
inches 

Hnmldltj. 
Saturation  » 1,000. 

Direction. 
From  whence. 

Velocity,  in 
miles,  per 
honr. 

n 

&^ 

2.3 
0.3 

1 

1 

• 

a 

• 

a 

• 

a 
d 

Oft 

1 

4 

• 

a 

d 

01 

• 

a 
d 

• 

a 

ei 

«* 

2.0 
1.0 
1.0 
4.2 
1.0 
1.0 
0 
1.0 
l.O 
1.0 
1.2 
0.6 
1.0 
2.0 
1.0 
1.6 
1.0 

• 

a 

d 

©» 

2.4 

0.6 

0 

8.4 

1.2 

1.0 

1.0 

0.6 

1.0 

1.0 

0 

4.2 

8.4 

0 

0.6 

2.0 

19! 

• 

a 

d 

Oi 

2.3 

0 

0 

15.4 

0 

0 

0 

0 

0 

1.6 

0 

7.2 

3.6 

0 

2.0 

1.0 

0 

0 

3.6 

1.0 

0 

2.0 

0 

0 

3.6 

3.0 

0.6 

2.0 

0 

3.6 

4.2 

• 

a 

0 

0 

3 
10 

4 

0 

3 

6 

6 
10 

3 

4 

10 
10 
10 

6 

0 
10 
10 
10 

3 
10 

3 
10 
10 
10 
10 

3 

0 
10 
10 

6.3 

8 
10 
10 
10 

0 

3 
10 

8 

0 

0 

0 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

0 

8 
10 
10 
10 

7.8 

• 

a 

• 

e« 

0 

0 
10 
10 

0 

0 

8 

3 

0 

4 

8 
10 
10 
10 
10 

3 

0 
10 
10 

0 

4 
10 

0 
10 
10 
10 
10 

0 

0 
10 
10 

A? 

3 
10 
10 
10 
10 

0 
10 

0 

0 

8 

0 
10 

8 

10 
10 
10 

8 
10 
10 
10 
10 
10 

8 

0 

9 

3 

8 
10 

7.3 

• 

a 

• 
Oi 

0 
3 

10 
10 
10 

0 

10 
10 
10 

8 

3 
10 
10 

0 

3 

0 

0 

7 
10 

0 

8 
10 

3 
10 
10 

8 
10 

0 

0 
10 
10 

a2 

10 
10 
10 
10 
10 
10 
10 

0 

0 
10 

0 

8 

0 

0 
10 

0 

6 

8 
10 
10 

0 
10 

3 

0 

0 
10 
10 
10 

6.3 

aSS 

-< 

.366 

.777 

.  StfO 

.775 
.860 
.754 
.738 
.708 
.  864 
.829 
.760 
.791 
.804 
.845 
.850 
.834 
.594 
.777 
.797 
.855 
.855 
.840 
.816 
.6^3 
.840 
.840 
.791 
.804 
.777 

.'823' 

.868 

.707 
.791 
.840 
.850 
.834 
.730 
.840 
.791 
.671 
.638 
.611 
.829 
.845 
.804 
.791 
.366 
.645 
.816 
.850 
.707 
.816 
.804 
.695 
.730 
.823 
.777 
.750 
.557 
.671 
.823 
.868 

.617 
.636 
.813 
.859 
.795 
.757 
.746 
.811 
.750 
.679 
.617 
.710 
.840 
.826 
.801 
.470 
.711 
.769 
.834 
.797 
.744 
.801 
.671 
.767 
.813 
.746 
.768 
.664 
.487 
.792 
.859 

8  W . .  • 

8W... 
SE.... 
NE... 
SW... 
NW  •  • 
Calm.. 
NW.  . 
NE... 
SW... 

O  W ... 

SW... 
NE... 
NE... 

N 

NW.  . 
SW... 
NE  ... 
NE  .. . 
NE  ... 
SW... 
NE... 

N 

SW... 
NW.. 
NW.  . 
NW.  . 
NW.  . 
NW.. 
NW.. 
SW... 

SW... 

SW... 

Calm.. 

NE... 

SW... 

NW.. 

NW.. 

NE  ... 

NE  ... 

SW... 

Calm.. 

NE  .. 

NE  ... 

Calm.. 

NB  ... 

SW... 

SW... 

NB  ... 

NE  .. . 

Calm.. 

NE  ... 

NE  ... 

N 

SW... 

N 

NW.. 
NW.  . 
NW.  . 
NW.. 
NW.. 
SW... 

NW.  . 

Calm.. 

Calm.. 

NE  .. . 

Calm.. 

Calm.. 

Calm.. 

Calm.. 

Calm.. 

SW. .. 

Calm.. 

NE  .. 

NE  ... 

Calm.. 

SW... 

SW... 

Calm.. 

Calm.. 

NE  ... 

NE  ... 

Calm.. 

NE  ... 

Calm.. 

Calm.. 

NW.  . 

NW.  . 

NW.  . 

NW.  . 

Calm.. 

NW.  . 

SW... 

0 

8.73W. 

A.  4!^  W 

•519 

.833 

1.3;  S.  45E. 
8. 6    >*  4.^  E 

.868 

.797 

a7 

0.7 
0.3 
0.3 
0.7 
1.3 
0.3 
3.7 
4.3 
0.7 
0.3 
1.3 
0.7 
0.8 

ao 

0.7 
0.0 
1.7 
0.5 
0.6 
1.7 
2.0 

8.45W. 
N.45W. 

N.45  W. 

N.45E 

N.45E. 

S.  45  W. 

S.  45  W. 

N.45E. 

N.45E 

N.45E. 

Went... 

S.  76  W. 

8.45W. 

N.45E. 

N.45E. 

N.45E. 

Calm... 

N.45E. 

North . . 

S.  45  W. 

N.29  W. 

N.45  W. 

.804 

.695 

.777 

.750 

.638 

.449 

.498 

.829 

.823 
.777 

.28 

.449 

.91 

.695 

1.016 

.797 

2.0 
1.0 
1.0 
2.0 
1.0 
1.0 
0.6 
1.0 
2.0 
2.4 
1.0 
2.0 
1.0 

3.0 

0 

1.0 

1.0 

a6 

0.6 
2.0 
2.0 
1.0 
3.0 
1.0 
4.2 
1.0 

.829 

.577 

.784 

.695 

.730 

.777 

.671 

.750 

1.3   N.45W. 
2.7    N.45W. 

.656 

.303 

0.7 
2.7 
2.0 

0.7 

N.45  W. 
N.45  W. 
S.  45  W. 

.730 

.840 

' 

.690 

.789 

.751 

.740 

N.5E.. 



.29 

1.0 

0 

0 

0 

1.0 

0 

0 

2.4 

1.0 

1.0 

1.0 

1.0 

2.0 

1.0 

2.0 

2.0 

0.6 

1.0 

1.0 
1.0 
1.0 
2.0 
4.2 
3.0 
2.0 
4.8 
3.0 
1.0 
0.6 
0.6 
1.0 
1.0 
8.4 
4.2 
1.0 
1.0 

.730 
.829 

.702 
.768 
.768 
.675 
.761 
.636 
.694 
.645 
.750 
.740 
.738 
.876 
.880 
.804 
.692 
.794 
.840 
.708 

*.*79i* 
.829 
.791 
.804 
.777 
.761 
.702 
.556 
.850 

.834 
.775 
.880 
.868 
.855 
.655 
.794 
.557 
.539 
.740 
.671 
.872 
.791 
.750 
.868 
.730 
.823 
.791 
.777 
.791 
.627 
.804 
.730 
.658 
.810 
.840 
.850 
.671 

.755 
.791 
.783 
.760 
.809 
.687 
.787 
.624 
.645 
.583 
.668 
.802 
.844 
.742 
.779 
.784 
.813 
.763 
.764 
.791 
.742 
.711 
.735 
.619 
.737 
.733 
.737 
.790 

SW... 
Calm.. 
Calm.. 
Calm.. 
NW.  . 
Calm.. 
Calm.. 
NW.  . 
SW... 
SW... 
SW... 

E 

NE  ... 

B 

NE... 
NW.  - 
NW.. 
NW.  . 
NE  ... 
NE  ... 
Calm.. 
NE  ... 
NW.. 
NW.  . 
Calm.. 
NE  . .. 
NE  ... 
NE  ... 

SW... 
NE  ... 
NE  ... 
SE. ... 
NW.  . 
SW.   . 
NE  ... 
NW.  . 
NW.. 
NE  ... 
SW... 

E 

NB  ... 
NW.. 
NE  ... 
NW.. 
NW.  . 
NW.  . 
NB  ... 
NE... 
NW.. 
NB... 
NW.  . 
NE  ... 
SW... 
NB... 
NE  ... 
NE  ... 

NE  . . . 
NE... 
NE  ... 
Calm.. 
NW.  . 
Calm.. 
Calm.. 
NW.  . 
NW.  . 
Calm . . 
Calm.. 
Calm.. 
NW.  . 
Calm.. 
NE  ... 
NW.. 
NW.. 
NE  ... 
NE... 
NE  ... 
Calm.. 
Calm.. 
NW.  . 
Calm.. 
SW... 
NE  ... 
Calm.. 
NE  ... 

1.0 
1.0 
0.6 

0 

1.0 

0 

0 
2.0 
1.0 

0 

0 

0 

2.0 

0 

6.0 

3.6 

1.0 

ao 

6.0 

3.6 

0 

0 

ro 

1.0 

2.0 

0 

20.0 

0.3 

0.7 

a45W. 

8.  45  E  . 

.28 

.702 

0.6'  N.45E. 

.738 

0.7 
2.0 
1.0 

a7 

2.6 

r  8. 45  E  . 
N.45W. 
S.  45  W. 
N.45E. 
N.45W. 

.810 

.769 

.872 

.671 

•  •  *  •  ■  • 

1.0   N.78W. 

.269 

0.0 
0.6 

a5 

1.3 
0.3 
5.5 

ao 

0.7 
1.3 

Calm... 
S.  45  W. 
East  ... 
N.IOE. 
N.19E. 
N.45E. 
N.45W. 
N.45W. 
N.UE. 

•  594 
.658 

.20 

.860 

.671 

,777 

.829 
.777 
.797 

.88 

.750 

1.2  a4 

2.0  6.0 

5.3   N.45E. 
4.0    N.45E. 
0.2   N.45E. 
2.3   N.45E. 

.791 

.769 
.539 

0 
1.0 
1.0 
1.0 

0 
0.6 
2.0 
3.6 

0.5 
6.0 
0.6 
1.0 
2.0 
1.0 
1.0 
8.4 

.15 

.671 

1.2 

as 

1  N.45W. 
North.. 

.423 

.611 

L  0|  S.  45  W. 
1.2   N.45E. 
1.0   N.45E. 

.658 

.804 

.850 

10.7 
L2 

N.45E. 

.712 

.745 

.788 

.727 

N.24E. 



1.51 
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Reductions  of  the  monthly  meteorological  register  of  the  sune§  •f 


TEMPERATURE— FAHRENHUT. 

TAPOR. 

Barometer  reduced  to  temoeratare  1 

of32®Pahr.,ex 

Dressed  in  United 

1 

States  inches  and  decimals. 

Wet  bulb,  or 

Dry  bulb,  or  tem- 

Elastidt7.tnU.S. 

Date. 

point  of 

perature  of  the 

inches  tuddMi- 

evaporation. 

open  air. 

a 

0 

a 

• 

a 

9 

a 

i 

nxals. 

• 

a 

• 

• 

a 

• 

• 

a 

• 

i 

• 

a 

• 

a 

d 

* 

a 

• 

• 

a 

• 

• 

a 

• 

• 

a 

i 

• 

a 

• 

a 

• 

a. 

• 

s 

• 

i 

t* 

a 

a 

s 

1^ 

16 

20 

-1 

17 

33 

0 

S 

S 

9i 

.078 

.074 

a 

s 

1867. 
March    1 

28.817 

28.893 

29.021 

28.910 

13L3 

3S 

0 

.030 

.on 

2 

29.459 

29.430 

29.409 

29.433 

-12 

13 

-  8 

-11 

14 

-  7 

-01.3 

32 

-13   .013.012. 01^. 9W! 

3 

29.350 

29.212 

29.187 

39.250 

-  6 

16 

8 

-5 

17 

9 

07. 0 

20 

-8 

.Oai.078.0lg.0B 

4 

29.348 

29. 347 

29.423 

29.373 

0 

18 

1 

1 

19 

S 

07.3 

32 

-  1 

.032!.  087.034,0511 

5 

29.633 

29.646 

29.623 

39.634 

0 

18 

11 

11 

20 

13 

11.0 

38 

-  1  ,.032'.  076.  OK.  ®^ 

6 

29.419 

29.335 

29.455 

29.403 

14 

28 

18 

15 

30 

30 

25.0 

31 

10 

.071.  l3a.(l7S.»a 

7 

29.553 

29.611 

29.686 

29.617 

-  2 

20 

4 

-  I 

22 

5 

oa7 

35 

-3 

.0381.085.041,(61 

8 

29.764 

29  667 

29.641 

29.691 

-10 

20 

1 

-9 

25 

2 

06.0 

28 

-10    .O16.O50i.034i.«l3 

9 

29.523 

29.413 

29.346 

29.427 

-  1 

18 

15 

0 

20 

16 

12.0 

2S) 

k6 

.030. 076. 074.  OB 

10 

29.039 

29.013 

29.273 

29.108 

19 

29 

14 

20 

33 

15 

29.3 

33 

13 

.09».  114.071.(W 

11 

29.576 

29.557 

29.561 

29.565 

-  9 

20 

9 

-  8 

23 

10 

oaa 

26 

^11 

.  0171.074. 054.  Ofci 
.043^.0e3.a».«8 

12 

29.571 

29.516 

29.497 

29.528 

5 

17 

-  1 

6 

18 

0 

oao 

23 

-  1 

13 

29.542 

29.473 

29.522 

29.  512 

-21 

9 

-4 

-20 

10 

-3 

-04.3 

13 

-24    .004.054.0251.*^ 

14 

29  535 

29.427 

29.461 

29.474 

-16 

18 

1 

-15 

19 

3 

02.0 

30 

-30 

.009   0871.034.013 

15 

29.479 

29.414 

29.466 

29.453 

-11 

20 

3 

-10 

22 

4 

05.3 

25 

14 

.oi4|.oes.c».o« 

16 

29.486 

29.323 

29.324 

29.378 

-  6 

18 

0 

-  5 

19 

1 

05.0 

SO 

-11 

.021 

.087.ara.8i5 

17 

29.276 

29.172 

29.192 

29.213 

-15 

14 

3 

-14 

15 

4 

01.7 

19 

-19  1.010 

.071. 088.  WW 

18 

29.304 

29.197 

29.151 

29.217 

-16 

14 

7 

-15 

15 

8 

02.7 

30 

-18 

.009 

.071.048,043 

19 

29.518 

29.515 

29.595 

39.543 

4 

24 

14 

5 

25 

15 

15.0 

36 

-8 

.  04 1.117. 071  |.«g 
.063. 089^.106!.  on 

20 

29.617 

29.557 

29.492 

29.555 

rl7 

25 

24 

18 

29 

36 

34.3 

30 

14 

21 

29.  405 

29.360 

29.387 

29.384 

24 

28 

23 

25 

30 

24 

36.3 

33 

23 

.117.130. 11*;.  1» 

22 

29.433 

29.406 

29.378 

29.406 

23 

30 

27 

24 

35 

28 

39.0 

38 

30   .112. 109. 136.11!* 

23 

29.390 

29.402 

29.498 

29.430 

23 

30 

10 

24 

32 

11 

3S.3 

33 

10  L  112. 144. 057. IW 

24 

29.540 

29.531 

29.541 

29.537 

9 

20 

10 

10 

22 

11 

14.3 

35 

-  4 

.054. 085.057. 1« 

25 

29.676 

29.624 

29.603 

29.601 

-  4 

25 

13 

-  3 

31 

14 

08.0 

31 

-6 

.025.066.067.068 

26 

29.579 

29.483 

29.398 

29.487 

17 

22 

19 

18 

23 

20 

30.3 

25 

10 

.083. 1071. 092).  W 
.071.13^.0711.091 

27 

29.499 

29.458 

29.480 

29.479 

14 

30 

14 

15 

:« 

15 

31.0 

.16 

11 

28 

29.521 

29.458 

29.476 

29.485 

15 

40 

28 

16 

46 

30 

30.7 

48 

9 

.074.ie9'.130|.W 

29 

29.460 

29.323 

29.327 

29.370 

24 

45 

35 

26 

52 

40 

36.0 

54 

33 

.106.907.1391.151 

30 

29.360 

29.248 

29.217 

29.275 

27 

50 

32 

29 

50 

36 

3a3 

57 

35 

.124.36lj.l29u« 

31 

29.177 

2a  964 

2a  877 

29.006 

28 
04.5 

45 

24.0 

35 

11.8 

32 
<J5.7 

56 
26.7 

39 

ia2 

43.3 

60 

eo 

25 
-24 

.108 
.053 

.155 
.105 

liti 

AX 

Means.... 

29.447 

29.386 

29.403 

29.412 

15.8 

.067 

.(T75 

April    1 

28.910 

28.995 

29.145 

29.017 

27 

38 

33 

28 

44 

35 

35.7 

47 

21 

.136 

.i5i.ieii» 

2 

29.330 

29.304 

29.287 

29.  .307 

20 

35 

30 

33 

36 

32 

30.3 

40 

19 

.074. 191. 144. 1» 

3 

29.305 

29.264 

29.354 

29.308 

25 

35 

30 

28 

41 

33 

33.7 

45 

25   .100.  iae.144.lXJ 

4 

29. 382 

29.  419 

29.415 

29  405 

29 

33 

26 

30 

34 

27 

30.3 

35 

25   .149".  175.1^.151 
17  1. 117.207'},  178.1© 

5 

29.403 

29.291 

29.071 

29.255 

26 

45 

35 

28 

52 

37 

39.0 

55 

6 

29.007 

28  932 

29.039 

28.993 

32 

40 

.10 

34 

48 

33 

3a3 

51 

:io 

.155. 143. 13*.  1« 

7 

29.085 

29.185 

29.276 

29.182 

28 

45 

30 

30 

51 

33 

38.0 

53 

25 

.130^'.220.13S.Wi 

8 

29.  525 

29.519 

29.534 

29.526 

24 

40 

30 

25 

46 

32 

34.3 

51 

30 

.117.1®!  144. 143 

9 

29.530 

29.358 

29.340 

29.409 

28 

50 

.35 

30 

57 

38 

41.7 

58 

tti 

.  130. 9«!.  165.1* 

10 

29.  362 

29.398 

29.416 

29.392 

33 

35 

24 

35 

36 

25 

32.0 

46 

25 

.162.191 

. 117. IS 

11 

29.330 

29. 202 

29.152 

29.228 

29 

58 

43 

30 

62 

44 

45  3 

63 

30 

.149.439 

.964.» 

12 

29.100 

28.953 

29  005 

29.  019 

33 

38 

31 

34 

40 

:w 

35.7 

46 

35  i.  175  903 

.151.11« 

13 

29.045 

29.039 

29.094 

29.059 

34 

40 

35 

35 

42 

38 

38.3 

43 

28 

.183.231 

.16^.18^ 

14 

29.080 

29.062 

29.060 

29.067 

:15 

39 

35 

36 

40 

36 

37.3 

41 

39 

.191.2S5i.l9l-W 

15 

29.065 

29.088 

29.197 

29.117 

43 

52 

38 

44 

56 

40 

46.7 

61 

36 

.S64.335.2ffl.2 

16 

29.315 

29.328 

29.412 

2J).  352 

43 

49 

40 

44 

62 

45 

5a3 

65 

38 

.264.176ll8a.» 

17 

29.552 

29.  513 

29.473 

29.  513 

38 

44 

36 

40 

50 

38 

43.7 

59 

:«) 

.2O3.909|.186.ig 
.  1831. 37».  921. «« 

18 

29.404 

29.  178 

29.144 

29.242 

34 

44 

40 

35 

45 

43 

4a  7 

47 

34 

19 

29.  276 

29.152 

29.043 

29.157 

40 

53 

43 

42 

64 

45 

5a3 

68 

35 

.281.279.251L25 
.2351.3571.171^92 

20 

29.  169 

29.2^ 

29.249 

29.214 

39 

47 

34 

40 

52 

36 

43.7 

S5 

35 

21 

29.197 

29.175 

29.195 

29.189 

30 

.10 

31 

33 

32 

33 

33.0 

41 

:«> 

.144.144,.1«.»2 

22 

29.  243 

29.292 

29.330 

29.288 

29 

.30 

29 

30 

35 

30 

31.7 

58 

29 

.14^.109^.1j^)J 
.149.2tllW^.2 

23 

29.415 

20.  :«6 

29.369 

29.390 

29 

40 

33 

30 

42 

35 

35.7 

44 

20 

24 

29.*>2 

29.278 

29.283 

29.318 

35 

48 

50 

37 

52 

53 

47.0 

52 

38 

.  178. 98*.  384  S 

25 

29.  214 

29.  131 

29.  173 

33 

50 

35 

52 

43.5 

.....162.354! «S 

26 

29.200 

29.345 

29.273 

•  •  •  • 

33 

25 

34 

26 

30.0 

53 

25  ...'.m.m.ifi 

16  .107.1fl^l»jg 

27 

29.418 

29.268 

29.129 

29.272 

22 

40 

35 

23 

45 

40 

36.0 

49 

28 

28.945 

25*.  839 

28.798 

28.861 

40 

49 

50 

43 

60 

55 

52.7 

60 

36  .208  a^aw.g 

2i» 

28.725 

28.856 

29.239 

28.940 

46 

40 

35 

48 

45 

96 

4ao 

57 

35  .3e4.I8^.Wl-2[ 

30 

29.348 

29.254 

29.201 

33 
32.3 

35 

41.8 

35 

37 
44.7 

36.7 

36w0 

.ie2.i7»....-_^ 

66 

16 

( 

Mfanii 

29.244 

29.203 

29.228 

39.222 

34.5 

3a8 

39.0 

.m. 

Si^. 

ITS.!*!] 

1 
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the  northern  and  northwestern  lakes  at  Superior  City,  Wisconsin, 


VAPOR. 


Humidity. 
Saturation  =>  1,000. 


B 


.834 

.519 

.627 

.707 

.707 

.823 

.683 

.557 

.695 

.850 

.577 

.760 

.^9 

423 

.539 

627 

449 

423 

750 

840 

872 

868 

868 

791 

658 

840 

823 

829 

754 

775 

594 


668 


683 
598 
655 

890 

768 

792 

782 

,872 

782 

797 

.890 

.895 

,898 

.900 

.918 

.918 

.820 

.898 

.829 

.910 

.794 

.890 

.890 

.807 

.797 


864 
750 
850 
797 


a 

01 


.498 
.834 
.845 
.702 
.782 
.721 
.378 
.702 
.606 
•  DSft5 

.840 
.791 
.845 
.721 
.845 
.823 
.823 
.872 
.556 
.782 
.537 
.794 
.721 
.380 
.864 
.703 
.543 
.535 
1. 000 
.346 


.  696 


.522 

.900 
.488 
.895 
.535 
.426 
.590 
.543 
.577 
.900 
.772 
.820 
.829 
.910 
.747 
.317 
.581 
.920 
.441 
.660 
.794 
.537 
.829 
.727 
.861 
.895 
.607 
.392 
.607 
.807 


.695 
.594 
.594 
.718 
.804 
.702 
.750 
.718 
.829 
.823 
.791 
.695 
.658 
.718 
.740 
.707 
.740 
.777 
.823 
.754 
.868 
.883 
.797 
.797 
.816 
.850 
.823 
.782 
.557 
.610 
.636 


.743 


829     .681 


.797 
.794 
.794 
.880 

.m 

.703 
.703 
.794 
.719 
.872 
.918 
.800 
.719 
.900 
.820 
.607 
.811 
.829 
.840 
.802 
.896 
.890 
.797 
.861 


.876 
.557 
.681 
.900 


.799 


S 


.709 
.537 
.685 
.757 
.771 
.769 
.718 
.551 
.742 
.760 
.655 
.765 
.573 
.662 
.667 
.726 
.671 
.674 
.815 
.717 
.841 
.829 
.820 
.770 
.618 
.851 
.783 
.718 
.615 
.795 
.525 


.709 


.734 

.764 
.646 
.888 
.703 
.640 
.692 
.736 
.693 
.856 
.860 
.838 
.815 
.903 
.828 
.614 
.737 
.882 
.703 
.791 
.828 
.772 
.839 
.798 
.829 
.686 
.676 
.608 
.786 
.602 


.705 


WIND. 


Direction. 
From  whence. 


a 


sw . 
sw . 

Calm. 
SW  . 
NW.. 
SW  . 
SW  . 
SW  . 
SW  . 
Calm. 
SW  . 
NE.. 
NW.. 
SW  . 
SW  . 
SW  . 
SW  . 
Calm. 
Oalm. 
Calm. 
Calm. 
Calm. 
NW.. 
E.... 
SW  . 
NE.  . 
Calm. 
SW  • 
SW  . 
SW  . 

sw  - 


s 


SW. 

sw . 

NW.. 

SW  . 

sw . 

SW  . 

sw . 

NE  .. 
NE  .. 
SW  . 
NE  .. 
NE  .. 
NW.. 
SW  . 
SW  . 
SW, 
SW  . 
NE  .. 
NE  .. 
NE  .. 
NE  .. 
NE  .. 
NW.. 
E  • . . . 
NE  .. 
NE  .. 
NE  .. 
SW  . 
SW  . 
Calm. 
SW  . 


S 
at 


N.... 

SW. 

NE.. 

N.... 

NE.. 

SW  . 

Calm. 

NW.. 

NW.. 

NW.. 

SW  . 

NE.. 

NE.  . 

Calm. 

Calm. 

W... 

W... 

NE.  . 

SW  . 

NW.. 

E.... 

NE  .. 

Calm. 

SW  . 

SW- 


SW  . 
8-..- 
SW  . 
NE  .. 


NW.. 
NE.. 
N.... 
N.... 
SW  . 
SW  . 

sw . 

NW.. 
NW.. 
NE  .. 
SW  . 
NE.. 
NE  .. 
Calm. 
NE  .. 
W... 
NE  .. 
SW  . 
SW  - 
NW.. 
NE  .. 
NE  .. 
NE  .. 
W... 

w... 

NW.. 
SW  . 
8SW. 
NE  .. 
NE  .. 


SW  .  . 

Calm.. 

Calm . . 

Calm.. 

Calm.. 

SW  .  . 

Calm.. 

Calm.. 

NE  .. 

NW.. 

Calm.. 

NW.. 

NW.. 

SW  . 

Calm.. 

SW  . 

Calm . . 

Calm . . 

Calm. 

Calm.. 

Calm . . 

Calm.. 

NW.. 

Calm.. 

Calm.. 

NE  ... 

Calm.. 

Calm.. 

SW  . 

Calm.. 

SW  . 


Velocity,  in 
mile«,  per 
hoar. 


a 


8  . .  • . 

NE  .. 

Calm. 

Calm. 

SW  . 

NW.. 

Calm. 

Calm. 

NW.. 

NE  .. 

Culm. 

NE  .. 

Calm. 

NE  .. 

Calm. 

W  ... 

NE  .. 

SW  . 

SW  . 

N.... 

NE  .. 

Calm. 

Calm. 

Calm. 

Calm. 

NW.. 

SW  . 

SSW. 

N  . .. . 


a 

a. 


1.0 

1.0 

0 

1.0 

3.0 

2  0 

1.0 

1.0 

0.6 

0 

1.0 

1.0 

3.0 

4.2 

2.4| 

l.O 

0.6 

0 

0 

0 

0 

0 

2.4 

1.0 

1.0 

1.0, 

0 

1.0 

2.0 

1.6 

1.0 


4.2 

1.0 
1.0 
3.0 
4.2 
6.0 
0.6 
1.0 
0.6 
3.0 
1.0 
1.6 
4.2 
6.0 

ae 

4.2 
3.0 
0.6 
1.6 
2.0 
3.0 
0.6 
1.0 
1.2 
0.9 
7.2 
1.6 
2,0 
3.6 
0 
2.0 


1.0 

1.0 

1.0 

4.2 

0 

1.0 

2.0 

6 

3.0 

1.0 

9 

0 

0 

2.0 

1.0 

1.2 

2.0 

3.0 

i.o; 

3.0 

0 

1.0 

2.0 


1.0 
4.2 
1.0 
1.0 


1.2 
1.0 
1.0 
2.0 
2.4 
5.4 
4.2 
2.0 
3.6 
2.0 
4.0 
2.4 
2.4 
0 
4 
5.4 
6 
3.0 
6.0 
1.0 
3.0 
1.0 
1.0 
2.4 
4.2 
2.0 
3.0 


a. 


&0 
0 
0 
0 
0 

3.0 
0 
0 

1.0 

2.4 
0 

3.0 

5.4 

1.0 
0 

5.4 
0 
0 
0 
0 
0 
0 

1.2 
0 
0 

3.0 
0 
0 

4.2 
0 

3.0 


la 


a7 

0.7 
0.3 
1.3 
1.7 
3.7 
0.6 
0.0 
0.3 
1.3 
0.0 
1.3 
4.0 
3.7 
2.0 
3.7 
1.3 
0.3 
0.6 
0.7 
1.0 
0.3 
1.6 
4.3 
0.2 
3.7 
0.6 
1.0 
3.0 
0  6 
2.0 


0.6 


2.0 

3.0 
0 
0 

1.0 

1.2 
0 
0 

1.0 
6 
0 
6 
0 

1.0 
0 
9 

l.O! 

3.6 

i.o; 

^! 
4.2 

ol 

I 

i.o 

3.0 


8.415.4 
2.0  2.0 
6.0 


4.3 
1.0 
0.7 
1.0 

a6 

5.3 
1.3 

1.0 
2.2 

1.0 
2.3 
1.3 
1.0 
0.3 
1.3 
5.5 
0.3 
1.8| 
3.0| 
3  0; 
2.7, 
1.3; 
0.3| 
1.3 
2.0 
1.0 
2.3 
9.3 
1.0 
2.3 


i 


1 
& 


a45W. 
S.  45  W. 
N.45  W. 
S.  45  W. 
8.83W. 
S.  45  W. 
S.  45  W. 
Calm... 
N.45E 
8. 80  W. 
Calm. .. 
N.  12  W. 
N.  45  W. 
8.  45  W. 
8.  45  W. 
S.  45  W. 
S.  45  W. 
N.45E. 
N.45E 
N.45E. 
N.45E 
N.45E 
N.45W. 
East  . . . 
S.  45  W. 
N.45E. 
N.45E 
S.  45  W. 
8.  45  W. 
S.  45  W. 
8. 45  W. 


S.  62  W. 


N.49W. 
N.45E. 
N.23E. 
North  . . 
S.  45  W. 
N.85W. 
S.  45  W. 
N.45W. 
N.  45  W. 
N.  24  E. 
S.  45  W. 
N.45E. 
N.45E. 
N.45E 
N.45E 
Went... 
N8E.. 
N.  45  E. 
S.  45  W. 
N.18W. 
N.51  E. 
N.45E. 
N.  45  E 
S.  80  W. 
8. 76  W. 
N.45W. 
S.  45  W. 
S.  19  W. 
N.13E. 
N.45E. 


0.7   N.74W. 


Amount  of 
cloudineM. 
(0  =  clear 
■kv.) 
(10=itk.y  en- 
tirely over- 
cast.) 


i 

• 

a 

A 

• 

«* 

01 

10 

0 

0 

0 

10 

3 

0 

4 

0 

0 

10 

10 

1 

0 

0 

0 

10 

8 

10 

6 

0 

0 

10 

10 

0 

0 

0 

0 

0 

0 

0 

8 

0 

0 

0. 

8 

0 

0 

10 

10 

10 

10 

10 

10 

10 

10 

0 

0 

0 

0 

10 

10 

0 

0 

0 

0 

3 

0 

0 

0 

0 

0 

3.6 

3.5 

8 

3 

0 

8 

0 

3 

10 

8 

0 

0 

5 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

8 

10 

10 

8 

3 

0 

0 

0 

3 

10 

10 

0 

3 

4 

0 

10 

8 

10 

3 

0 

4 

0 

5 

6 

5 

•  •  • 

7 

0 

0 

0 

5 

6 

10 

0 

9^ 

1 

3.0 

3.9 

a 

a. 


0 
0 

10 
0 

10 
8 
3 
0 

10 
0 
3 
0 
0 
0 
0 
3 
0 
3 
0 
8 

10 

10 
0 
0 
4 

10 
0 
3 
0 
3 
0 


3.2 


2 

10 

10 

7 

2 

2 

0 

0 

0 

0 

0 

0 

10 

10 

0 

0 

7 

0 

4 

10 

10 

10 

4 

10 


3 

6 

10 

8 


o  « 

o  -* 

god  -i 

o  ."a 

BUB 
< 


II 


OOQ 

lis 


10 


16 
02 


96 


34 


.47 


.08 
.10 


54 


10 
20 


4.8 


1.49 


\ 
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ReduetioHB  of  the  monthly  meteorologieal  regi$ter  of  the  nmff  tf 


Date. 


1867. 
May       1 

3 
4 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
.•» 
31 

MeaD«..., 


June 


1 
2 
3 
4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

2] 

22 

23 

24 

25 

26 

27 

28 

29 

30 


Means 


Barometer  rednoed  to  temperature 
of  dSP  Fahr.,  expr9t«ed  In  United 
State!  Incben  and  decimali. 


TKMPERATURB— FAHREKffdT. 


29.498 
29.616 
29.356 
28.920 
29.052 
29.335 
29.443 
29.212 
29.110 
29.314 
29.391 
29.426 
29.222 
29.015 
29.072 
29.224 
29.426 
29.576 
29.392 
29.354 
29.314 
29.256 
29.170 
28.949 
29.050 
29.256 
29.419 
29.346 
29. 316 
29.483 
29.478 


29.290 


29.281 

28. 840 

28.992 

29.  327 

29.203 

28.984 

29.195 

2i).  346 

29.  343 

29.268 

29.111 

29.324 

29.310 

29. 173 

29. 172 

29.392 

29.  124 

29.  .392 

29.429 

29.426 

29.278 

29.335 

29.275 

28.974 

28.989 

28.962 

29.265 

29.442 

29.091 

29.198 


29.215 


B 
6. 


29.498 
29.504 
29.097 
28.899 
29.196 
29.337 
29.306 
29.142 
29.152 
29.340 
29.418 
29.371 
29. 195 
29.009 
29.178 
29.258 
29.461 
29.474 
29.379 
29.:«9 
29.291 
29.246 
29.072 
28. 918 
29.087 
29.281 
29.391 
29.324 
29.405 
29.521 
29.391 


S 
p. 


29.273 


29.238 

2a  876 

2a  921 

29.417 

29.081 

29.052 

29.236 

29.351 

29.245 

29.111 

29.055 

29.324 

29.126 

29.159 

29.204 

29.285 

29.115 

29.464 

29.434 

29.406 

29.250 

29.266 

29.152 

28.926 

28.948 

28.940 

29.404 

29.386 

28.942 

29.203 


29.538 

29.441 

29.015 

28.892 

29.304 

29.380 

29.294 

29.135 

29.236 

29.353 

29.454 

29.336 

29.179 

29.087 

29.201 

29.295 

29.556 

29.456 

29.344 

29.342 

29.266 

29J231 

29.034 

29.022 

29.182 

29.329 

29.401 

29.282 

29.287 

29.493 

29.358 


29.281 


29.184 


29.035 

2a  916 

29.095 

29.286 

29.042 

29.147 

29.329 

29.368 

29.263 

29.232 

29.163 

29.367 

29.162 

29.130 

29.289 

29.228 

29.315 

29.444 

29.435 

29.391 

29.271 

29.271 

29.166 

29.006 

29.006 

29.036 

29.329 

29.304 

28.965 

29.261 


29.511 
29.520 
29.157 
28.904 
29.184 
29.351 
29.348 
29.163 
29.166 
29.336 
29.421 
29.378 
29.190 
29.037 
29.150 
29.259 
29.481 
29,502 
29.372 
29.345 
29.290 
29.244 
29.092 
2a  963 
29.106 
29.289 
29.404 
29.317 
29.336 
22.499 
29.409 


29.279 


29.185 

2a  877 

29.003 

29.343 

29.109 

29.061 

29.253 

29.355 

29.284 

29.204 

29.110 

29.338 

29.199 

29.154 

29.232 

29.. 302 

29.  185 

29.433 

29.433 

29.408 

29.266 

29.291 

29.198 

28.969 

28.981 

28.979 

29.333 

29.377 

28.999 

29.221 


Wet  bulb,  or 

point  of 
evaporation. 


29. 208  29. 202 


a 


o 

29 
25 
34 
33 
39 
32 
32 
33 
33 
38 
44 
38 
40 
37 
41 
38 
40 
41 
39 
40 
42 
44 
41 
45 
44 
45 
42 
42 
49 
46 
44 


01 


35 
40 
40 
40 
35 
37 
38 
34 
35 
48 
44 
40 
45 
39 
43 
45 
35 
40 
40 
41 
46 
41 
51 
51 
50 
44 
42 
43 
60 
49 
43 


B 


o 

27 
32 
33 
35 
31 
33 
34 
33 
33 
38 
45 
40 
32 
37 
41 
40 
40 
41 
41 
40 
41 
39 
43 
43 
38 
42 
43 
40 
52 
44 
45 


Dry  bulb,  or  tem* 
perature  of  the 
open  air. 


39.0  43.039.9 


44 
53 
52 
51 

49 
46 
43 
44 

48 

57 

61 

58 

57 

59 

58 

54 

50 

66 

62 

46 

47 

65 

50 

48 

60 

54 

57 

58 

6U 

63 


44 

53 

67 
50 
51 
47 
44 
46 
50 
64 
64 
57 
52 
67 
64 
47 
59 
65 
57 
46 

no 

69 
54 
50 
67 
55 
61 
&i 
80 
70 


o 

39 
27 
35 
34 
40 
33 
33 
34 
34 
40 
45 
40 
41 
38 
42 
39 
43 
42 
40 
41 
44 
49 
42 
47 
45 
48 
44 
44 
50 
47 
45 


B 
a* 


o 

30 

47 

41 

43 

40 

38 

40 

35 

36 

52 

45 

42 

48 

40 

45 

47 

58 

42 

41 

43 

47 

42 

61 

53 

52 

46 

43 

44 

69 

51 

45 


40.545^6 


45 

50 

62 

46 

48 

46 

43 

46 

47 

59 

58 

49 

51 

63 

57 

47 

54 

62 

47 

46 

51 

55 

50 

50 

51 

55 

57 

63 

76 

60 


54.0.57.«253.1 


r  \ 


46 

54 

55 

53 

51 

47 

44 

45 

49 

58 

65 

61 

^ 

61 

63 

55 

51 

73 

65 

47 

48 

66 

51 

49 

61 

55 

60 

61 

62 

68 


45 

55 

77 

51 

54 

48 

45 

47 

51 

74 

83 

61 

53 

78 

69 

48 

61 

75 

58 

47 

51 

73 

55 

51 

71 

56 

67 

73 

93 

77 


a 

a 


o 

S8 
33 
35 
37 
32 
35 
35 
34 
34 
41 
48 
41 
33 
38 
42 
41 
41 
42 
42 
41 
42 
40 
44 
44 
39 
43 
44 
41 
.TO 
46 
47 


i 

9 


40.1 


56.1,61.6  5&1 


46 

51 

68 

47 

49 

47 

44 

47 

48 

61 

62 

50 

52 

67 

60 

48 

55 

69 

48 

47 

52 

56 

51 

51 

52 

56 

GO 

65 

80 

63 


32.3 
35.7 
37.0 
38.0 
37.3 
35i3 
36.0 
34.3 
34.7 
44.3 
46.0 
41.0 
40.7 
3a7 
43.0 
42.3 
47.3 
42.0 
4L0 
41.7 
44.3 
43.7 
49.0 
4a  0 
45.3 
45.7 

4a  7 

43.0 
59.3 
4a  0 
45.7 


42.1 


r  I 


45.7 
53.3 
66.7 
50.3 
51.3 
47.3 
44.3 
46w3 
49.3 
64.3 

7ao 

57.3 
54.3 
6a7 
64.0 
5a3 
55.7 
72.3 
57.0 
47.0 
5a3 
65.0 
52.3 
5a7 
61.3 
55.7 
63.3 
66.3 
7a3 
69.3 


57.6 


a 
a 

a 


40 
47 
46 
47 
45 
40 
42 
37 
% 
56 
56 
43 
48 
43 
47 
48 
53 
56 
36 
57 
44 
41 
45 
44 
38 
45 
43 
42 
61 
48 
48 


61 


46 
51 
66 
47 
49 
47 
44 
47 
47 
61 
64 
50 
52 
67 
60 
48 
56 
55 


52 
50 
52 
54 
60 
65 
82 
65 


i 

•a 


TlFOE. 


23 

15 
25 
35 
30 
26 
20 
32 
32 
33 
32 
35 
32 
35 
28 
36 
39 
40 
40 
41 
40 
41 
41 
41 
37 
40 
42 
39 
57 
44 
45 


43 
51 
67 
44 
47 
44 
41 
44 
46 
59 
62 
48 
47 
65 
58 
44 
54 
53 


Elattidtr.inU.S. 
Ineliet  and  dect- 


B 

d 


a 

01 


,149.182. 
.112.156. 

183.235]. 
.175.308. 
.  903 .  1^. 
.168.207. 
i.  168.203. 
1.175^.183. 
.  175. 191 . 
'.203.2821. 
.275.275. 

203.221. 
.235L26Di. 
.207.225. 
.244.251. 
.216.273. 
1.808.393^. 
.244.281. 
.X25.235. 
.235  231. 

241.29T. 
.223.3M2. 
.244.244 
.  273 .  348 . 
.273.3341. 
.  2fi) .  262;. 

241.254L 

941.264'. 
.335!.  398. 

297.321 

275.251 

► 


13$i.l4£ 

l«j.lte 
162.  ISS 

178:.  1?:^ 


216' 


r 


251 
235. 


15  .223.263 


273. 


_ 


219.  SS 


47  43 
46  43 
52  48 
56  '  53 


47 
47 
49 
52 
GO 
64 
T9 
62 


82     41 


275. 386.  W 
389.376.348.3711 

.349.527'  476. «i; 
.348.348^.297.331 
.32l.335j.3£  3S 
297. 3 1«.  297 -301 
.264.275. 264. «; 
.275. 297. 297!.  »^ 

.322.34^.3l0|.»7j 
;.  452.462*.  473, 4C^ 
.4S3.343|.4a>L4I*' 
t.  442.41*.  335^38^ 

L  458. 3W.  3611 3» 
1.473. 5141  Sa;.  50 
'.416.5».4aC457 
t.  404. 310^.  3101  Kl 
1.348  .473.4011  Iff 
i.545.4».4«!.«7 
.516.4a8(.3IO.«a» 
.297.29T.89t.»? 
.310. 348. 334.  »j 
.604. 601!.  410.9$ 

348. 40*!.  348- g 
392 .  34H.  3i8i.^J 

505. 608. 361;  ^Jj 
404.490L49IK413 
426. 45r.  496^430 

.443.5l«.5iyW 
.491.847.843115 


.400.431.392 


.4tfj 


k 
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fAe  morikerm  and  wrtkwutem  lakes  at  SitptrUr  CUf,  Wi$can$in, 


TAFOR. 


Humidity. 
Saturation  =  1.000. 


6 
d 


.690 
.761 
•  obid 
.»5 
.SiO 
.603 
.803 

.a»5 

.895 
.820 
.990 
.880 
.913 
.90S 
.914 
.907 
.750 
.914 
.910 
.913 
.836 
.638 
.914 
.847 
.920 
.777 
.836 
.836 
.927 
.933 
.920 


.843 
.933 

.805 

.859 
.923 
.918 
.920 
.926 
.937 
.783 
.825 
.937 
.883 
.723 
.934 
.929 
.672 
.836 
.933 
.925 
.945 
.939 
.936 
.941 
.934 
.883 
.825 
.881 
.743 

.875 


8 

01 


.636 
.483 
.913 
.750 
.557 
.903 
.820 

OQA 

•  WKJ 

.900 
.727 
.920 
.829 

.m 

.910 
.840 
.847 
.816 
.829 
.913 
.833 
.923 
.914 
.452 
.864 
.861 
.843 
.916 
.918 
.564 
.859 
.840 


808 


.920 
.869 
.569 
.929 
.803 
.925 
.930 
.933 
.929 
.551 
.304 
.769 
.933 
.537 
.747 
.935 
.883 
.558 
.937 
.933 
.929 
.648 
.934 
.939 
.802 
.935 
.690 
.629 
.548 
.689 

.786 


S 

a. 


.883 
.893 
.897 
.807 
.  890 
.797 
.898 
.895 
.895 
.738 
.777 
.912 
.893 
.905 
.914 
.912 
.912 
.914 
.914 
.913 
.914 
.910 
.918 
.918 
.907 
.916 
.918 
.912 

.843 
.847 


.856 


.921 
.939 
.695 
.933 
.936 
.933 
.918 
.933 
.935 
.882 
.772 
.937 
.930 
.790 
.832 
.935 
.934 
.653 
.925 
.933 
.861 
.935 
.929 
.929 
.930 
.935 
.822 
.890 
.824 
.831 

.875 


9 


.803 
.713 
.702 
.817 
.758 
.865 
.834 
.863 
.897 
.762 
.872 
.854 
.861 
.907 

.  oo!/ 
.889 
.826 
.886 
.912 
.852 
.891 
.821 
.761 
.876 
.896 
.845 
.890 
.889 
.694 
.875 
.869 


.844 


.  895 
.910 
.690 
.905 
.862 
.924 
.919 
.922 
.927 
.790 
.620 
.840 
.933 
.736 
.764 
.928 
.915 
.628 
.899 
.923 
.905 
.843 
.931 
.928 
.891 
.935 
.778 
.781 
.752 
.754 

.845 


WIND. 


Directloo. 
From  whenee. 


4 


NW. 

Si     •     »   m  , 

ME.  ■ . 

NE... 

NW.. 

NW. 

NE... 

NE.. 

ME.. 

SW. 

sw. 

NE. .  ■ 

NE... 

NE.. 

NE... 

NE.. 

NW. 

NE. . . 

NE.. 

NE... 

NE. . . 

NE... 

8W. 

8W.. 

NE.. 

NE. . , 

NE... 

NE.. 

NE... 

NE.. 

N.  .. 


N... 

N... 

SW, 

NE.. 

NE.. 

NW 

NE. 

NE.. 

N.  . 

SW. 

SW 

NE.. 

NE.. 

SW. 

W.. 

NE., 

E... 

SW. 

SW 

NE. 

NE. 

SW 

NE.. 

NE. 

SW 

NE.. 

NW 

SW 

N.., 

N.. 


a 


NW.. 
8W.. 

NE.  •■ 
SW.. 
NW.. 
NW.. 

NE. .. 
NE.  • . 
NE. .. 
SW.. 
NE... 
NE... 
NE... 
NE... 
NE. . . 
NE.  • . 
E.... 
NE... 
NE... 
NE... 
NE. . . 
NE. .. 
NE... 
NW.. 
NE. . . 
NE. .. 
NE. .. 
NE. .. 
SW  .. 
NE... 
NE... 


NE. 

N .  .  c 

SW 

NE., 

NE. 

NE., 

NE. 

NE. 

N.., 

SW 

SW 

NE. 

NE., 

SW 

NW 

NE., 

NW 

SW 

NE. 

NE. 

NE. 

NK., 

NE., 

NE. 

SW 

N.  . 

NE. 

NE.. 

SW 

N.. 


a 


NW.. 
Calm, 
NE... 
NE... 
NW.. 
NW.. 
NE... 
NE... 
NE... 
Cfilm . 
NE.  • . 
NE... 
NE. .. 
NE... 
Calm. 
Calm. 
NE... 
NE... 
NE... 
Calm, 
Calm. 
SW.. 
NE. .. 
SW.. 
Calm. 
NE. .. 
NE... 
NE... 
SW.. 
NW.. 
N.  ... 


NE... 
SW.. 

^n   •  . « 

NE... 

SW.. 

NE.  • . 

NE.  .1 

NE... 

N  .... 

SW.. 

SW.. 

NE. . . 

NE.. 

SW. 

SW. 

NE.. 

NW. 

SW. 

Nt!j.  ., 

NE. . . 

SE... 

NB... 

NE. . . 

NE... 

Calm 

SW.. 

Calm 

Calm 

SW. 

SW.. 


Velocity,  io 
miles,  per 
boor. 


a 


1.0 
1.0 

a6 

2.0 
4.2 

ao 
ao 

1.0 
1.0 
0.6 
1.0 
2.0 
1.0 
0.6 
1.0 
1.0 
2.0 
1.5 

ao 

4.0 

ao 

0.5 
1.2 
0.5 
6.0 
2.0 
3.0 
4.5 
0.5 
8.0 
LO 


6. 


4.2 

ao 

4.2 

2.0 
6.0 
2.0 
1.0 
2.0 

ao 
ao 

3.0 
4.3 
1.5 

ao 

2.0 
0.8 

a2 

&0 
6.0 
6.0' 

a  5 

ao 

0.5 

ao 
ao 
ao 
ao 

6.0 
6.0' 

au 
ao 


1.0 
6.0 

ao 

1.0 
1.0 

ao 
lao 

4.0 

ao 

0.5 
8.0 
1.0 
4.5 

a6 

0.5 
2.5 
0.5 
4.5 
0.5 

ao 

1.0 
2.0 
4.0 
2.0 
2.5 
2.0 
4.0 
1.0 
1.5 
4.0 


ao 

0.0 
7.3 
0.6 

a  4 

0.6 

ao 
ao 

0.6 
0.0 
3.1 
3.0 
1.9 
1.0 

ao 
ao 

4.3 

ao 

5.0 

ao 
ao 

1.5 
1.0 

a  5 
ao 

3.0 

ao 

1.0 
3.0 
1.0 
3.0 


1.0 
&0 
3.5 
3.0 

a5 
ao 

12.0 

a5 

3.4 
9.0 
9.0 
1.5 

lao 

4.5 

ao 
ao 
ao 

4.0 

ao 
ao 
as 

3.0 

ao 

4.0 

ao 

1.2 

a  5 

1.5 

ao 
a6 


ao 
as 

1.0 
2.0 

as 
&o 

12.0 
2.0 
1.5 
1.0 
1.0 

ao 
ao 
as 

1.0 
9.0 

as 

1.5 
1.5 

4.0 

as 

1.0 

2.0 

1.0 

0 

5.5 

0 

0 

1.0 

1.0 


o  o 

a  a 


a7 

1.0 
4.0 

a  3 

5.3 

1.7 

a  3 

2.0 
1.6 
1.2 
1.0 
2.7 
1.6 
1.6 
1.0 

a  6 

2.0 

a4 

5.4 

a3 

3.3 

a  7 
a3 

1.0 

ao 

8.3 

ao 

4.0 
3.6 

a7 

3.0 


1.6 


1.3 

a7 

3.0 
1.7 

a3 

4.7 
13.0 
4.0 
3.3 
a  4 
ao 

1.7 

a7 

3.6 
3.3 

a6 

1.0 

ao 

3.3 
5.0 

a7 
as 
ao 

3.3 
3.6 
1.0 
1.3 

a  2 

2.0 
2.3 

1.2 


N.4SW. 
8.70W. 
N.  45  E. 
N.  45  E. 
N.45W. 
N.45W. 
N.  45  E. 
N.  45  E. 
N.  45  E. 
8.  45W. 
N.  45  E. 
N.  4SE. 
N.  45  E. 
N.  45  E. 
N.  45  E. 
N.  4SE. 
N.  47 
N.  45 
N.  45  E. 
N.  45  E. 
N.  45E. 
N.  45  E. 
N.  45  E. 
N.SSW. 
N.  45  E. 
N.  45E. 
N.  45  E. 
N.  45E. 
8. 45  W. 
N.  40E. 
N.  30E. 


E. 
E. 


N.  29E. 


N.  37E. 
N.  5  W. 
S.  51  W. 
N.  45  E. 
N.  45  E. 
N.  33E. 
N.  45  E. 
N.  45  E. 
North.. 
8.45W. 
8. 45  W. 
N.  45  E. 
N.  45  E. 
8.  45  W. 
N.S8W. 
N.  45  E. 
N.39W. 
8.45W. 
N.  45  E. 
N.  45  E. 
N.  71  E. 
N.  45  E. 
N.  45  E. 
N.  45  E. 
N.45W. 
S.  67W. 
N.39W. 
N.  45  E. 
8.54W. 
N.  7W. 

N.  25E. 


Amonnt  of 

eloadiDeM. 

(asclear 

■kr.) 

(lOmkyeo* 

tirely  over- 

It.) 


^ 


3 

0 
10 


a  6 


as 


a8 


3.05 


.59 


.70 
1.50 


.49 


ao 


a24 


1 
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Reduetiona  of  the  momthlif  meteorological  register  of  the  ewnxfi  eftlu 


Dftto. 


1867. 

Jaly       1 

9 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

30 

91 

S2 

23 

24 

25 

26 

27 

28 

29 

30 

31 

Meant. 


Angait  1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

Means. 


Barometer  reduced  to  temperatare 
of  209  Fahr.,  expretsed  in  United 
States  inches  and  decimals. 


a 

d 


29.274 

29.168 
29.158 
29.230 
29.148 
29.164 
29.332 
29.442 
29.417 
28.898 
29.208 
29.514 
29.407 
29.204 
29.337 
29.467 
29.314 
29.209 
29.266 
29.472 
29.342 
29.236 
29.168 
29.260 
29.261 
29.219 
28.940 
29.025 
29.522 
29.381 
29.101 


29.261 


29.156 

29.344 

29.252 

29.406 

29.373 

29.321 

29.333 

29.178 

29.431 

29.589 

29.396 

29.077 

29.254 

29.371 

29.491 

29.211 

29.015 

29.363 

29.381 

29.401 

29.301 

29.063 

29.193 

29.412 

29.304 

29.301 

29.038 

29.270 

29.460 

29.421 

29.189 


29.300 


29.188 
29.138 
29.015 
29.180 
29.108 
29.085 
29.359 
29.446 
29.226 
28.860 
29.363 
29.436 
29.399 
28.948 
29.401 
29.364 
29.253 
20  196 
29.276 
29.424 
29.223 
29.172 
29.210 
29.260 
29.208 
29.093 
28.902 
29.373 
29.  491 
29.174 
39.028 

29.220 


S 


29.178 

29.298 

29.241 

29.388 

29.298 

29.258 

29.301 

29.067 

29.428 

29.511 

29.248 

29.145 

29.176 

29.391 

29.423 

29.095 

29.0.-)7 

29.261 

29.346 

29.291 

29.228 

29.072 

29.196 

29.364 

29.370 

29.163 

29.075 

29.289 

29.462 

29.234 

29.380 


29.163 
29.156 
29.167 
29.177 
29.148 
29.294 
29.406 
29.446 
29.098 
28.977 
29.431 
29.409 
29.266 
29.149 
29.406 
29.329 
29.246 
29.238 
29.353 
29.376 
29.217 
29.190 
29.222 
29.168 
29.221 
28.990 
29.010 
29.396 
29.433 
29.159 
29.080 


29.236 


29.228 

29.294 

29.241 

29.393 

29.311 

29.248 

29.354 

29.229 

29.473 

29.458 

29.100 

29.191 

29.326 

29.411 

29.364 

29.176 

29.125 

29.284 

29.358 

29.298 

29.203 

29.065 

29.286 

29.321 

29.338 

29.175 

29.164 

29.347 

29.467 

29.164 

29.415 


29.265 


29.384 


s 


29.206 
29.161 
29.113 
29.196 
29.135 
29.181 
29.366 
29.445 
29.247 
28.912 
29.334 
29.453 
29.357 
29.100 
29.381 
29.387 
29.271 
29.214 
29.298 
29.424 
29.261 
39.199 
29.200 
29.229 
29.230 
29.101 
28.951 
29.265 
29.482 
29.238 
29.070 


29.339 


29.187 

29.313 

29.245 

29.396 

29.327 

29.276 

29.329 

29.155 

29.444 

29.519 

29.248 

29.138 

29.252 

29.391 

29.426 

29.161 

29.059 

29.303 

29.362 

29.330 

29.244 

29.067 

29.225 

29.366 

29.337 

29.213 

29.092 

29.302 

29.463 

29.273 

29.328 


TIMPERATURE— rAtfRZNBZIT. 


Wetbnlb.or 

point  of 
eraporation. 


63 
64 
56 
55 
55 
63 
62 
55 
61 
69 
62 
55 
56 
64 
57 
60 
61 
61 
60 
58 
63 
74 
70 
70 
63 
61 
74 
64 
64 
60 
63 


a 


72 
78 
60 
54 

77 
60 
62 
63 
67 
80 
69 
58 
60 
64 
63 
61 
69 
66 
67 
57 
65 
80 
77 
63 
62 
73 
79 
62 
68 
62 
67 


a 

A 


70 
69 
54 
53 
60 
55 
54 
55 
69 
63 
50 
56 
63 
57 
55 
57 
56 
64 
63 
58 
63 
73 
74 
63 
61 
68 
63 
56 
62 
59 
64 


Dry  bulb,  or  tem- 
peratare of  the 
open  air. 


4 


63 
65 
57 
56 
56 
66 
63 
SO 
64 
70 
65 
56 
57 
65 
59 
63 
62 
62 
61 
59 
65 
77 
71 
71 
66 
63 
75 
70 
70 
61 
64 


ot 


83 
85 
61 
55 
69 
62 
70 
71 
78 
83 
70 
59 
61 
65 
67 
62 
75 
67 
79 
58 
66 
92 
81 
69 
63 
70 
82 
66 
79 
63 
68 


m 

O, 
at 


o 

72 
74 
55 
55 
62 
56 
55 
56 
70 
66 
62 
57 
64 
59 
56 
59 
57 
65 
69 
59 
64 
75 
75 
64 
63 
69 
67 
59 
65 
60 
65 


9 


72.7 
74.7 
57.7 
55.3 
62.3 
61.3 
62.7 
62.0 
70.7 
73,0 
65.7 
57.3 
6a7 
63.0 
60.7 
61.3 
64.7 
64.7 
69.7 
58.7 
65.0 
81.3 
75.7 
68.0 
64.0 
67.3 
74.7 
65.0 
71.3 
61.3 
65.7 


a 

a 
1 


75 
77 
56 
50 
63 
56 
57 
57 
72 
70 
63 
58 
67 
62 
59 
61 
60 
57 
64 
59 
55 
76 
75 
63 
63 
69 
68 
59 
66 
58 
65 


a 

9 

a 


71 
76 
53 
48 
61 
54 
56 
55 
66 
65 
60 
55 
63 
57 
55 
56 
G6 
55 
63 
57 
53 
74 
73 
61 
60 
66 
66 
57 
64 
56 
63 


TAPOK. 


Elastld^.  U.  S. 
inches  and  ded- 


6 
et 


636 
863 


.542 

.583 

436 

420 
.420 
.536'. 
.542! 
.380 
.497 
.693 
.516 
.42l» 
.436 

583 
.439 

.  478 .  523 
.523.628 
.523. 
.505!. 
.469 
.549 
.799 
.720 
.720 
.536 
.510 
.826' 


S 

a 


e 
« 

91 


.70^.698 
.64l|.696 


505. 4041. 4«j 


4491. 40«t 

4e9|. 

982*!  5£ 
695'.  429*. 
4® .  43K.  .„ 
505'.5®|.SBl 


583 


43*. 


5221. 4« 

.439^.480 
.436i.SV 

50r.495.J 
4!a.4dj'.. 

604.  ac!; 

860^.78»!.8H 


873 
495 
542 


516;. 

516!, 


949 
502* 


826. 

.  J07. 1 

.510.»{ 

6711.  »l 

522.  TIB! 

409.^ 

537L51«!l. 

542L  487.51 

64SI.583.: 


29.383  161.467.063.5 
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northern  and  northwestern  lakes  at  Superior  Citify  ffisconsin. 


VAPOR. 


Humidity. 
Sataration= 1,000. 


.942 

.936 
.935 
.935 
.838 
.942 
.761 
.833 
.948 
.836 
.935 
.935 
.944 
.878 
.831 
.942 
.942 
.941 
.939 
.890 
.862 
.949 
.949 
838 
''886 
.952 
.704 
.704 
.941 
.943 

.  695 


.941 
.943 
.947 

.758 
.943 
.947 
.944 
.943 
.776 
.878 
.799 
.947 
.882 

.942 
.943 
.853 
.843 
.941 
.943 
.942 
.943 
.475 
.819 
.843 
.943 
.942 
.692 
.935 
.925 
.937 


• 

• 

a 

S 

p. 

d 

et 

a 

.564 

.900 

.718 

.764 

.941 

.934 

.934 

.869 

.884 

.884 

.935 

.613 

.934 

.618 

.935 

.537 

.948 

.871 

.838 

.948 

.772 

.939 

.936 

.941 

.943 

.944 

.878 

.790 

.935 

.942 

.878 

.724 

.936 

.946 

.944 

.506 

.700 

.937 

.939 

.545 

.943 

.573 

.904 

.826 

.952 

.700 

.943 

.942 

.886 

.947 

.870 

.790 

.786 

.819 

.542 

.836 

.942 

.940 

.947 

.944 

.792 

.  894 

.618 

.945 

.942 

.949 

.952 

.704 

.947 

.899 

.947 

.753 

.904 

.942 

.947 

.503 

.946 

.434 

.942 

.501 

.896 

.640 

.720 

.954 

.810 

.542 

.799 

.639 

.946 

.945 

.940 

.946 

.943 

.852 

.799 

.796 

.891 

.945 

.944 

.947 

.945 

.898 

.945 

.946 

.944 

.537 

.890 

.747 

.940 

.642 

.947 

.545 

.846 

.463 

.822 

.601 

.933 

.727 

.926 

.433 

.680 

.805 

.929 

.735 

.870 

» 


.802 
.809 
.937 
.913 
.910 
.886 
.830 
.771 
.773 
.886 
.852 
.970 
.940 
.922 
.868 
.884 
.867 
.944 
.716 
.938 
.793 
.721 
.909 
.864 
.889 
.917 
.871 
.770 
.727 
.941 
.945 


.863 


.835 
.943 
.947 
.803 
.930 
.868 
.944 
.797 
.717 
.758 
.720 
.904 
.741 
.823 
.942 
.944 
.834 
.843 
.943 
.945 
.928 
.914 
.634 
.835 
.811 
.778 
.742 
.742 
.863 
.679 
.890 

.840 


WIKD. 


Direction.  . 
From  whence. 


d 


8W.  . 
Calm.. 

N 

NE  ... 
W.... 
8W.  . 
SW.  . 
8W  .  - 
NE  ... 
SW.  . 
NW... 
NE  ... 
NE  • . . 

N 

8W.  . 
SW.  . 

N 

SW  .  . 
SW.  . 
NE  . .. 
NE  ... 
SW.  . 
Calm.. 

N 

NE  ... 
SW.  . 
8W  .  . 
NW.. 
NW. 
Cakn.. 
SW  .  . 


NW  . 

Calm. 
NE  .. 
SW  . 
NE  .. 
N.... 
NE    . 
NE  .. 
Calm. 
SW  . 
SW  . 
SW  . 
SW  . 
Calm. 
NE  .. 
NE  .. 
NE  .. 
NE  .. 
NE  .. 
Calm. 
Calm. 
NE  .. 
8W  . 
NW. 
SW  . 
SW  . 
Calm. 
NW. 
SW  . 
SW. 
NE  .. 


a 


SW 

8W 

NE  . 

NE  . 

NW 

NE. 

SW, 

W.. 

8W 

8W 

NW 

NE  . 

NE  . 

SW 

NW 

NE  . 

SW 

NE  . 

SW 

NE  . 

NE  . 

SW 

SW 

NE  . 

NE  . 

NE  . 

SW. 

NW 

NW 

NE  . 

SW 


NW. 

NE  .. 
SW  . 
NE  .. 
NE  .. 
SW  . 
NE  .. 
SW  . 
NW. 
SW  . 
8W  - 
SW  . 
SW  . 
E  . . . . 
NE.. 
NE  .. 
SW  . 
NE  .. 
NE  .. 
NE  .. 
NE  .. 
NE  .. 
NW  . 
NE  .. 
SW  . 
SW  . 
NW. 
SW  . 
Calm. 
SW. 
NE  .. 


8W. 
Calm. 
NE  .. 
NE  .. 
SW  . 
SW  . 
Calm. 
SW  . 
SW. 
SW  . 
NE  .. 
NE  .. 
SW  . 
SW  . 
Calm. 
NE  .. 
NE  .. 
SW  . 
SW  . 
NE  .. 
NE  .. 
SW  . 
SW  . 
NE  .. 
NE  .. 
SW  . 
SW  . 
SW  . 
SW. 
NE  .. 
NW. 


SW  . 

NE  .. 
SW  . 
Calm. 
SW  . 
Calm. 
Calm. 
\W. 
SW  . 
SW  . 
SW  . 
NW. 
SW. 
N.... 
NE  .. 
SW. 
SW  . 
NE  .. 
NE  .. 
NE    . 
NE  .. 
SW  . 
SW  . 
SW  . 
SW  . 
SW  . 
w... 

8W  . 
SW  . 

SW  . 
NE  .. 


Velocity,  in 
miles  per 
hoar. 


a 

d 


2.0 
0 
?.0 
0.5 
0.5 
0.5 
6.0 
0.5 

ao 
ao 

2.0 
5.0 

ao 
ao 
ao 

0.5 
4.0 
2.0 
4.0 
1.0 
0.5 
6.0 

0 
1.0 
2.0 
0.5 
0.3 
6.0 
2.0 

0 
3.0 


ao 

0 
2.0 
6.5 

ao 

4.0 

1.0 

1.0 

0 

ao 

1.0 
4.2 
1.0 

0 
1.0 
4.0 
2.0 
1.0 
2.0 

0 

0 
2.0 
1.0 
0.5 
2.0 
1.0 

0 
7.2 
0.5 

ao 

10.5 


a 

C9 


ao 

2.0 
.5.0 

ao 

4.0 

ao 

9.0 
4.0 
9.0 
2.0 
0.5 
4.0 
6.0 
0.5 
4.0 

ao 

4.5 
6.0 
1.0 
2.0 
1.0 
6.0 
1.0 

ao 

1.0 
2.0 
0.5 

ao 

2.0 

ao 

2.0 


ao 

4.0 
4.0 
1.0 
1.0 
0.5 
2.0 
1.0 
7.0 
2.0 
6.0 
0.5 
6.0 
2.0 
4.5 
2.0 
2.0 
6.0 
2.0 
2.0 

ao 

0.5 
4.8 
2.0 
6.0 
a  6 
7.5 
9.0 
0 
10.0 
4.0 


a 

a 


0.5 

0 
2.0 
1.0 
1.0 
1.0 

0 
1.0 
5.0 
4.0 
2.0 
2.0 
0.5 
2.0 

0 

ao 

2.0 
1.0 
1.0 
1.0 
0.5 
0.5 
0.5 
4.0 
4.0 
0.5 

ao 

0.5 

ao 

2.0 
1.0 


2.0 

6.0 

2.0 

0 

0.5 

0 

0 

2.0 

0.5 

0.5 

6.0 

4.0 

ao 

2.0 
6.0 
1.0 

ao 

2.0 
2.0 


1. 

4. 

2. 

0, 

0.5 

1.0 

0.5 

2.0 

2.0 

2.5 

ao 

0.5 


1.6 
0.7 
2.7 
1.6 
1.7 
0.6 
5.0 
2.0 
a  6 
ao 

1.0 

a6 

2.2 

0.7 
1.7 
1.6 
1.0 
1.0 
2.0 
1.3 
0.7 
4.0 
0.6 
a  7 
2.3 
0.3 
1.3 

ao 

1.7 
1.7 
1.7 


0.4 


2.0 
a  3 
1.3 
1.7 
1.3 
1.3 
1.0 
0.7 
2.3 
1.7 
4.0 
2.0 
a  2 

1.0 
4.0 
1.7 
1.0 

ao 

2.0 
1.3 
2.3 

0.2 
1.7 
0.7 

ao 

1.7 
3.0 
4.7 
l.O 
5.3 
5.0 

0.5 


S.  45  W. 

8. 45  W. 

N.38E. 

N.45E. 

N.65W. 

N.45E. 

S.  45  W. 

S.80W. 

8.  45  W. 

8.  45  W. 

N.IOW. 

N.45E. 

N.45E. 

N.51W. 

N.81W. 

N.45E. 

S.35W. 

N.45E 

8.  45  W. 

N.45E. 

N.45E. 

8.  45  W. 

8. 45  W. 

N.43E. 

N.45E. 

N.45E. 

8.  45  W. 

N.48W. 

N.  81  W. 

N.45E. 

8.  57  W. 


N.59W. 


N.64W. 
N.  45  E. 
8. 45  W. 
8. 45  W. 
N.  45  E. 
N.IOW. 
N.  45  E. 
N.45W^ 
N.48W. 
8.  45  W. 
8.45W. 
S.86W. 
8.  45  W. 
N.  45  E. 
N.  45  E. 
N.  45  E. 
8.  45  W. 
N.  45  E. 
N.45E 
N.  45  E. 
N.  45  E. 
N.  45  E. 
N.e2W. 
N.  25  E. 
N.  45:W. 
8.  45  W. 
N.  45  W. 
8. 81  W. 
8.45W. 
8.  45  W. 
N.  45  E. 

N.63W. 


Amount  of 

doudinete. 

(0=sclear 

»ky.) 

(10=gky  en- 
tirely over- 
cast.) 


• 

a 

• 

a 

d 

• 

«* 

0* 

8 

7 

10 

5 

10 

10 

10 

10 

10 

0 

7 

10 

3 

7 

4 

7 

3 

9 

8 

8 

8 

8 

3 

4 

2 

7 

10 

10 

0 

0 

4 

0 

8 

10 

10 

9 

0 

0 

0 

10 

0 

0 

4 

6 

8 

9 

10 

9 

0 

2 

1 

2 

2 

10 

4 

4 

0 

5 

8 

10 

9 

8 

5.3 

6.3 

9 

5 

0 

3 

10 

9 

0 

0 

10 

3 

7 

5 

10 

10 

10 

3 

0 

2 

0 

6 

10 

8 

10 

5 

0 

0 

0 

2 

9 

I 

10 

10 

0 

8 

5 

2 

10 

10 

10 

4 

10 

9 

10 

10 

0 

0 

0 

0 

8 

0 

] 

0 

8 

I 

0 

6 

4 

6 

9 

1 

1.0 

5 

5.8 

4.3 

7 
0 
10 
10 
2 
1 
0 
0 
10 
0 
9 
I 
5 
1 
0 
3 
10 
10 
0 
0 
0 
7 
1 
9 
1 
0 
0 
0 
5 
10 
7 


a  8 


0 

I 

3 
0 
5 
0 

10 

10 
0 
5 

10 
0 
0 
1 
9 
0 
5 
6 
0 
0 

10 
0 
0 
0 
0 
0 
0 
7 
0 
2 
1 

2.7 


h 

«•  . 

aoo 
o     • 

< 


ll 

feod 


1.71 


.03 
'.'52 


.58 


1.90 
.71 


.70 


6.15 


.20 


.04 

'.'oi 


.99 
.08 


02 


.06 
1.41 
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Reductiom  of  the  monthly  meteorological  register  of  the  nrttjf  if 


TEMPERATURK— FAHRENHEIT. 

TAPOIL 

\ 

Barometer  reduced  to  temperature 

of  32^  Fahr.  .expreised  In  United 

States  inches  and  decimals. 

Wet  bulb,  or 

Dry  bulb,  or  tem- 

ElaitidtyinU.S. 

point  of 

perature  of  the 

inches  and  deo- 

eva 

poratlon. 

open  air. 

E 

c 

J 

>< 

9 

• 

a 

0 

a 

-a 

• 

3 

m 

• 

S 

• 

• 

S 

• 

a 

a 

• 

a. 

■ 

B 

• 

• 
• 

• 

J 

• 

a 

t* 

« 

A 

^ 

0 

0 

a* 
o 

0 

o 

o 

X 

s 

o 

«* 

n  1  a 

S 

o 

o 

28.797 

28.791 

28.944 

28.844 

45 

52 

40 

48 

54 

43 

4a3 

64 

37 

.260 

.3K.908.S7l| 

29.152 

29.165 

29.137 

29.151 

33 

36 

34 

35 

40 

35 

36L7 

42 

32 

.162.160.183.14^ 

29.023 

28.992 

29.037 

29.017 

34 

35 

31 

35 

37 

32 

34.7 

40 

30 

.1831. 178. 162. 17<t 

29.163 

29.296 

29.312 

29.257 

23 

35 

r129 

24 

39 

30 

31.0 

42 

30 

.112.153.149.138 

29.  431 

29.526 

29.542 

29.503 

23 

38 

27 

25 

43 

28 

32.0 

45 

20 

.lOOL  164.136.13] 

29.4e5 

29.304 

29.195 

29.328 

27 

39 

37 

28 

40 

38 

35.3 

40 

18 

.136}.  225. 207.19! 

28.815 

28.676 

28.653 

28.  715 

38 

45 

44 

40 

47 

45 

44.0 

48 

36 

.203 

.273. 273. a 

28.393 

28.512 

28.503 

28.469 

41 

46 

40 

43 

54 

43 

4&7 

54 

40 

.231 

.206.20e.S13 

28.456 

28.668 

28.904 

28.676 

34 

34 

31 

35 

35 

32 

34.0 

42 

30 

.183 

.i83.ie».i?< 

29.043 

29.105 

29.230 

29.126 

30 

30 

29 

31 

31 

30 

30.7 

35 

38 

.155;.  155. 149. 1» 

29.415 

29.507 

29.620 

29.514 

26 

33 

22 

27 

35 

23 

38.3 

36 

30 

.129.162.107.133; 

29.623 

29.416 

29.386 

29. 475 

24 

45 

34 

25 

48 

35 

3&0 

48 

17 

.117.960.183.187 

29.315 

29.094 

29.189 

29.199 

23 

41 

40 

25 

44 

42 

37.0 

45 

20 

.100.218.221,19 

29.430 

29.441 

29.486 

29.452 

29 

41 

27  1  30 

48 

28 

35.3 

50 

36 

.149. 166.136.151 

29.338 

29.085 

29.334 

29.252 

23 

42 

35 

24 

51 

37 

37.3 

54 

30 

.112.149.178.141 

29.580 

29.  524 

29.376 

29.493 

26 

34 

35 

27 

35 

36 

32.7 

40 

25 

.139. 183. 191 '.la 
.151. 186. 18$.  171 

29.450 

29.469 

29.487 

29.469 

31 

36 

34 

33 

38 

35 

3&3 

40 

30 

29.485 

29.464 

29.502 

2a  484 

29 

31 

27 

30 

32 

26 

30.0 

36 

2o 

.149 

.lfS.13ft.14S 

29.448 

29.256 

29.189 

29.298 

26 

35 

24 

27 

37 

;  25 

29.7 

40 

'  25 

.139 

.178.117^141 

29. 213 

29.289 

29.279 

29.260 

21 

40 

35 

23 

41 

36 

33wO 

42 

20 

.101 

.235.l9U17i 

29.140 

28.989 

29.034 

29.054 

24 

44 

42 

25 

47 

43 

3a3 

50 

22 

.117. 249. 254. »J| 

29.065 

29.069 

29.109 

29.081 

31 

43 

39 

32 

45 

40 

39.0 

46 

30 

.  1 621.251. 225.  «1 

29.020 

29.064 

29.032 

29.039 

36 

40 

40 

37 

41 

41 

39.7 

42 

35 

.199  235.235.8] 

29.196 

29.137 

29.4-25 

29.253 

34 

33 

27 

35 

34 

28 

32.3 

42 

25 

.18a.I75.IJ6.lfi 

29.433 

29.405 

29.370 

29.403 

24 

29 

19 

25 

30 

20 

25.0 

34 

18 

.117. 149. 092.  lis 

29.398 

29.392 

29.376 

29.389 

21 

31 

36 

22 

32 

27 

27.0 

35 

18 

.104.162.129.19 

29.308 

29.314 

29.368 

29.330 

24 

28 

21 

27 

30 

33 

26.3 

33 

20 

.095. 130. 104.  IM 

29.377 

29.396 

29.439 

29.404 

18 

17 

7 

20 

18 

8 

15.3 

25 

8 

.076  083. 048. « 

29.458 

29.398 

29.456 

29.437 

-  4 

5 

-  7 

-3 

6 

-6  [-1.0 

12 

-8 

.026. 043. 020. 6«j 

29.470 

29.310 

29.231 

29.337 

-16 
25.9 

12 
35.0 

6 
29.2 

-15 
27.3 

13 
,37.5 

7 
30,4 

-  5.0 

i 

14 
64 

-19 
-19 

.009 
.136 

.063.046 

1 

.OS 

29.231 

29.202 

29.238 

39.224 

31.7 

.  183 .  159 

i 

.159 

29.127 

29.124 

29.094 

29.115 

14 

33 

34 

15 

25 

35 

21.7 

26 

5 

.071 

.100 

.117 

.W 

29.297 

29.292 

29.350 

29.313 

19 

28 

19 

20 

30 

30 

23.3 

32 

19 

.092.1^0. 092;.  I05i 

29.553 

29.484 

29.411 

29.483 

0 

12 

6 

1 

13 

7 

10.0 

22 

-  1 

.032.063.046.0*7, 

29.237 

29.136 

29.184 

29.186 

12 

21 

5 

13 

22 

6 

13.7 

23 

5 

.063.101.043.0©, 

29.185 

29.004 

28.786 

28.992 

-  7 

14 

18 

-  6 

15 

19 

09.3 

19 

-  8 

.020. 071. 087.  a», 

28.447 

29.077 

29.389 

28.  §71 

21 

14 

-6 

22 

15 

-5 

ia7 

24 

-  5 

.  101. 071. 021.  (»4 

29.520 

29.525 

29.633 

29.559 

-17 

7 

-3 

-16 

8 

-3-03.3 

10 

-18 

.OO8.O48'.0aS.(B7i 

29.654 

29.608 

29.596 

29.619 

-  7 

14 

0 

-6 

15 

1 

03. 3 

16 

-10 

.020. 071.  OK.  Wy 
.061. 123. 101. 09& 

29.378 

29.221 

29.323 

29.307 

11 

25 

31 

12 

20 

33 

20.0 

26 

-  2 

29.332 

29.263 

29.238 

29.278 

14 

18 

19 

15 

21 

20 

ia7 

24 

12 

.O71.O65,0».0» 

29.349 

29.401 

29.462 

29.404 

19 

19 

19 

20 

20 

20 

20.0 

24 

15 

.092.092.««.W 

29.509 

29.431 

29.403 

29.448 

13 

20 

9 

14 

21 

10 

15.0 

21 

9 

.067,.096.0Mi.O» 

29.310 

29.271 

29.293 

29.291 

13 

24 

19 

15 

25 

33 

20.0 

26 

0 

.056. 117. 0921. « 
.092i.ll2.09ffi.«S 

29.321 

29.300 

29.320 

29.314 

19 

23 

19 

20 

34 

20 

21.3 

24 

16 

29.226 

29.150 

29.130 

29.169 

21 

26 

23 

22 

27 

24 

24.3 

27 

90 

.  lOli.  129.ll2j.lH 

29.051 

38.960 

2a  940 

2a  984 

33 

35 

26 

24 

26 

27 

23.7 

28 

80 

.  112i.l23.129}.lfl 
.0081. 054.  ifii.oa 

29.263 

29.413 

29.549 

29.408 

3 

9 

-6 

4 

10 

-5 

03.0 

36 

-  6 

29.748 

29.838 

29.685 

29.757 

-21 

7 

-  4 

-20 

8 

-  3 

-05.0 

10 

-33 

.004,.  O48.0tfLe» 
.04li  071.074l« 

29.546 

29.337 

29.181 

29.355 

4 

14 

15 

5 

15 

16 

12.0 

18 

-  5 

29.400 

29.521 

29.561 

29.494 

3 

17 

0 

4 

18 

-  1 

07.0 

20 

-  2 

.008!  083-0aK.<H 

29.411 

29.124 

28.861 

29.132 

4 

23 

29 

5 

23 

30 

19.3 

30 

-  7 

.O4lll07.14^.»l 

29.003 

29.143 

29.467 

29.204 

21 

16 

0 

82 

17 

-  I 

12.7 

28 

-1    . 

.101. 0781.  oasi-iiig 

29.577 

29.316 

29.097 

29.330 

-16 

1 

9 

-15 

2 

10 

-01. 0 

17 

-18  . 

009^034.054.04 

29.142 

29.181 

29.141 

29.155 

12 

17 

23 

13 

18 

33 

lao 

25 

10  . 

063|.a83^iari.«W 

28.659 

29.071 

28.865 

29 

•  •  •  • 

5 

30 

•  •  •  • 

6 

lao 

33 

5  1- 

149.....043L5IJ 

29.225 

29.030 

28.875 

29.043  . 

-  6 

9 

17  . 

-  5  1 

10 

18 

07.7 

23 

-10  . 

021 1.054. 083.  W 

28.949 

29.161 

29.367 

29.159 

7 

11 

5 

8 

13 

6 

oa? 

22 

5   . 

O48.06U043.Wl 

29.448 

29.195 

29.495 

29.379  . 

-  9 

7 

1   . 

-8 

8 

3 

oa7 

10  - 

-10  . 

017;.048La3#.g 
014. 067. 034. 5 

29.769 

29.763 

29.830 

29.787  ■ 

-11 

13 

1   ■ 

-10 

14 

3 

02.0 

16 

10   L 

29.894 
29.313 

29.747 
29.123 

29.631 
29.006 

29.757   - 
29.147   - 

-18 
-  8 

15. 2] 

18 
38 

L6.7] 

4   ■ 

16   . 

-17 
-7 

19 
30 

17.9 

5 

18 

11.6 

02l3 
13.7 

21 
32 

-18  [ 
-10  . 

007. 087. 0411.  Ifi 
OI8.130L«J7l«!j 

29.317 

29.304 

29.303 

29.304   ( 

10. 7  ( 

)6.31 

12.0 

33   . 

054. 

084. 

067j. 

1 

J^*- 


B«**^' 


fc^i 


-■« 


—4 
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ike  northern  and  northwestern  lakes  at  Superior  City,  fFiseonsin, 


TAPOR. 

WIWD. 

Amount  of 

cloudineu. 

(0=r:clear 

Ay) 

(10=»ky  en- 
tirely over- 
cast.) 

1! 

^55 

melted 
incbei 

Hamidity. 
Saturation  >  1,000. 

Direction. 
From  whence. 

Velocity,  in 
miles  per 
hour. 

li 

SB 

^5 

0.3 
1.3 
1.3 
5.3 

6.0 
8.0 
1.3 
7.3 
7.6 

ao 
2.0 
1.7 
1.7 
1.0 
5.0 
ao 
0.7 
1.7 
0.7 
1.0 
1.3 
0.7 
1.6 
1.0 

1.4 
0.7 
2.3 
5.6 
a  7 

2.0 
1.5 

2.0 
2.3 
0.7 
0.2 
1.2 
8.4 
4.0 
1.0 
1.0 
0.7 
16.6 
0.7 
0.7 
1.0 
0.3 
5.3 
1.3 
a  3 
0.0 
1.3 

ao 

4.0 
0.3 
5.0 
1.0 
4.3 
2.1 
2.3 
1.0 
0.7 
1.3 

0.6 

i 

1 
1 

OCD 

• 

B 
d 

• 

a 

• 

• 

i 

a 
d 

• 

a 

6. 

09 

• 

0 

• 

a 

• 

a 

• 

0. 

• 

a 

a. 
at 

a6 
.0 
6.0 
4.2 
1.0 
4.2 

1  n 

8 

3 
10 

0 

0 

0 

5 
10 
10 

6 
10 

4 

0 

0 
10 

0 

5 
10 
10 

0 

4 

5 
10 
10 
10 
10 
10 
10 

0 

0 

5.7 

8 
10 

0 

8 

0 
10 

0 

0 
10 
10 
10 

8 

6 
10 
10 
10 

8 

0 

8 

0 
10 
10 

3 

0 
10 

8 
10 

0 

0 

0 

0 

m 

• 

a 

d 

§  ."3 

B^a 

-< 

a  >'0 

is9 

< 

.777 

.867 
.645 
.807 
.636 
.587 
.910 
.847 
.493 
.  tftW 
.893 
.797 
.777 
.756 
.494 
.399 
.898 
.811 
.896 
.807 
.912 
.772 
.840 
.912 
.895 
.890 
.896 
.782 
.840 
.760 
.810 

.750 
.  896 
.  896 
.890 
.883 
.905 
.920 
.750 
.  896 
.890 
.864 
.898 
.829 
.883 
.807 
.900 
.898 
.883 
.872 
.900 
.916 
.910 
.912 
.883 
.850 
.880 
.860 
.777 
.611 
.769 

.798 
.780 
.867 
.798 
.739 
.899 
.862 
.692 
.897 
.892 
.847 
.849 
.777 
.756 
.691 
.893 
.  836 
.890 
.853 
.891 
.853 
.882 
.909 
.892 
.871 
.879 
.762 
.773 
.681 
.667 

NW... 
NW... 

NE  ... 
8  W . .. 

8^r  . . . 
N^T  . .. 
NB  ... 
8W... 
NW  .. 
NW... 
NW... 
NW... 
NW... 
NW... 
Calm.. 
NW... 
Calm.. 
Calm.. 

E 

8W... 
Calm.. 
Calm.. 
NE  .  .. 

N 

N 

Calm . . 
NW  — 

N 

NW... 
NW... 

S 

NW... 

N 

8W.,. 
NW... 
NE ... 
NE..  . 
SW... 
NW... 
NW... 
NW... 
NW... 
Calm  . 
NW... 
NW... 
N^T  . .. 

Calm.. 
NE  ... 
8E.... 
NB  ... 
NW... 
Calm.. 
NE  ... 
Calm.. 
Calm.. 

N 

NW... 

N 

NW... 
NW... 

BE. . . . 
Calm.. 
SW... 
SW... 
NW... 
NE..  . 
NE... 
SW... 
NW... 
NW... 
NW... 
Calm.. 

N 

Calm.. 
NW... 
NW... 
NE... 
NB... 
Calm.. 
NE... 
Calm.. 
NE..  . 
NE... 
NW. .. 
Calm.. 
Calm . . 

N 

N 

NW... 
SW... 

3.0 
1.6 
4.2 
2.4 

15.4 

2.4 

1.0 

0.6 

8.4 

4.2 

1.0 

0.G 

1.0 

1.0 

.0 

2.0 

.0 

.0 

0.6 

1.0 

.0 

.0 

1.0 

1.0 

4.2 

.0 

2.0 

5.4 

2.4 

1.0 

1.0 
2.4 

1.2 
9.6 
8.4 
20.0 
1.8 

N.25E 
N.45  W 
8.  83  W 
S.  45  W 
8.  76  W 
N.40E 
N.45E 
8.  45  W 
N.  45  W 
N.  45W 
N.  45  W 
N.  45W 
N.    9W 
N.  45W 
N.  45W 
N.  45  W 
N.  45E. 
N.  45E 
8.  77E 
N.45E 
N.45W 
N.  45E. 
N.  45E. 
N.  28W 
North.. 
North.. 
N.  26W 
North*. . 
N.  45  W 
N.  79  W 

0 
10 
10 

3 

6 

7 

8 

4 
10 
10 

2 

0 

0 

0 

0 
10 

3 
10 

4 

0 

3 

0 
10 
10 
10 

0 

8 
10 

0 

0 

4.9 

10 

8 

7 

6 
10 

6 

0 

0 
10 

8 
10 

0 

8 
10 

8 
10 
10 

0 
10 

0 
10 
10 
10 
10 

0 
10 

6 

4 

0 

8 

9 

3 

0 
10 

0 

0 

4 

0 

5 
10 

8 
10 

0 

3 
10 
10 
10 

8 

6 
10 
10 
10 

0 
10 

5.8 

10 

9 
10 

0 
10 

4 

0 

3 
10 
10 
10 

4 

10 
10 
10 
10 

6 

6 
10 

0 
10 

8 
10 
10 

.797 

.898 
.868 

.10 

.746 

, 

.883 

.eso 

^833 

10.010.8 
12.0   3-fi 

.893 

a6 

4.0 

5.0 

.0 

?-° 
6.0 

1.0 

1.0 

.0 

a  6 
.0 

8  4 

.880 

.872 

.746 

.890 

.868 

.880 

aO   4.2 
.0   2.0 

.800 

.890 

ao 

1.2 

1.2 

a6 

.0 

2.4 

.0 

.0 

2.0 

2.4 

8.4 

6.4 

a6 

2.0 
.0 

ao 

.0 

2.0 

1.0 

2.0 

.0 

.0 

a  6 

ao 

2.0 

ao 

.880 
.860 

.12 

.872 

.896 

• 

.903 

.898 
.872 

.860 

.644 

.702 

.671 

.423 

.824 

.784 

.859 

.822 

N.  41  W 

.22 

0.6 
2.4 
1.0 
1.0 
1.9 
3.6 
1.2 
2.4 

.0 
1.9 
5.4 
2.4 
0.9 
1.0 

.0 

4.2 

12.0 

1.0 

.0 

ao 

0.6 
2.6 
1.2 
1.0 
2.0 
1.0 
2.0 
1.2 
2.0 
1.0 
0.6 

1.0 
5.0 
0.6 
1.2 
0.6 

18.0 
8.4 
1.0 
3.0 
1.2 

4.2 
0.6 

.0 

.0 
2.4 
a  6 
2.4 

.0 
2.4 

0 

.823 

.746 
.7«J2 
.610 
.860 
.823 
.823 
.777 
.823 
.876 
.570 
.850 
.855 
.872 
868 
.880 
.876 
.791 
.777 
.823 
.840 
.864 
.834 
.718 
.840 

."791 
.804 
.777 
.816 
.845 
.782 

.872 
.850 
.769 
.760 
.845 
.627 
.671 
.707 
.860 
.850 
.850 
.791 
.850 
.850 
.868 
.88(J 
.627 
.658 
.829 
.710 
.890 
.710 
.791 
.864 
.760 
.840 
.760 
.718 
.718 
.750 
.682 

.814 
.827 
.762 
.810 
.760 
.770 
.614 
.714 
.847 
.748 
.850 
.821 
.790 
.856 
.869 
.875 
.719 
.568 
.801 
.763 
.835 
.801 
.644 
.8:J8 
.825 
.753 
.780 
.691 
.691 
.6.54 
.686 

8W... 

8 

SW... 
SW... 
SW... 
W  .... 
8W... 
SW... 
Calm.. 

8 

NE  ... 
NB  ... 

8 

SW... 
Calm.. 
NE..  . 

N 

SW... 
Calm . . 
SW... 
W  .... 
SW... 

w.... 

NB  ... 
E 

8W... 
8W... 
8W  .. . 
NE..  . 
SW... 
W..  .. 
SW... 
SW... 
w..  .. 
NE..  . 
NE..  . 
Calm. 

SYf  . .  . 

Calm.. 
SW... 
NE... 

N 

Calm.. 
Calm.. 
SW... 

N 

SW... 
NE..  . 
NE..  . 

SW... 

s  w . . . 

Calm . . 

Calm . . 

SW... 

W..  .. 

SW.. 

Calm.. 

NW  .. 

Calm . . 

NE..  . 

Calm.. 

Calm . . 

NW... 

Calm . . 

Calm.. 

NW... 

Calm . . 

Calm.. 

Calm.. 

W..  .. 

SW... 

Calm.. 

NE... 

s  w ... 

NE... 

Calm. 

W..  .. 

Calm.. 

Calm.. 

Calm . . 

8.  45W 
S.  29W 
8.  45  W 
N.45E. 
S.  45  W 
We«t... 
S.  45  W 
S.  45  W 
N.  55W 
8.  23 E. 
N.45E 
N.45E. 
8.  23  W 
N.  73  W 
8.  45  W 
N.  45E 
N.  20W 
8.  45  W 
Calm . . 
8.  45  W 
N.  21  W 
8.  45  W 
N.  HE 
N.45E 
8.  17  W 
N.45E. 
West... 
8.  84  W 
8.  45  W 
8.  45  W 
8.  45  W 

.850 

.707 

.810 

.611 

.860 

.395 
.611 

.25 

.804 

.623 

.850 

30.015.4 

.816 
.648 

.0 
1.2 

.0 

1.0 

12.0 

8.4 

.0 

.0 
1.2 
8.4 
5.4 
2.0 
4.2 

ii'o 
4.2 
5.4 
1.0 
1.2 
ao 

.0 

.0 

2.0 

.0 

.0 

2.0 

.0 

.0 

.0 

1.2 

4.2 

.0 

9.6 

4.2 

200 

.0 

1.0 

.0 

.0 

.0 



.02 

.850 

.kf60 

.740 
.269 

.38 

.750 

.740 
.750 

.16 

.860 
.423 

.24 

.810 

.890 

.627 

SW... 
w  .... 
SW... 
SW... 
SW... 
SW.. 

NE..  . 
W..  .. 
W,.  .. 

S^r  ... 

SW... 
SW... 

10 
0 
8 
0 
0 
0 

10 
10 
3 
0 
0 
3 

.777 
.577 

.36 

.539 

.706 

.813 

.781 

767 

N  22  W 

^  7 

6.3 

6.6 

1.41 
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BEPORT   OP  THE   SECRETABT   OF  WAB. 


Redurtums  qf  the  monthlif  meUarolagieal  ngiiter  of  Ik  iwcf  ^    ft« 


Date. 


Barometer  redaeed  to  temperature 
of  32^  Fahr.,  expresied  in  United 
Stateg  inches  and  decimalf. 


Elaitkity.tailll. 
inehetuddedH 


e 


1866. 

Jan.  1 

3 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

SO 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


29.633 
29.240 
29.115 
29.374 
29.192 
29.319 
29.381 
29.114 
29.246 
28.997 
29.172 
29.111 
29.166 
29.421 
29.374 
29.266 
29.700 
29,745 
29.516 
29.146 
20.181 
28.999 
29.599 
29.747 
29.458 
29.251 
29.468 
29.408 
29.565 
29.442 
29.097 


a 


Meani.'  29.349 


Feb.l 
2 
3 
4 

5 
6 

7 

8 

9 

10 

n 

12 
13 
14 
15 
16 
17 
18 
19 
SO 
21 
22 
23 
24 
25 
26 
27 
86 

Meani. 


29.229 
2a  999 
28.782 
28.890 
29.124 
29.322 
29.172 
29.284 
29.449 
29.761 
29.460 
29.298 
29.338 
29.866 
29.662 
28.550 
29.385 
29.360 
29.665 
29.446 
29.457 
29.643 
28.904 
29.371 
29.253 
29.536 
29.554 
29.442 


29.506 

29.154 

29.070 

29.395 

29.175 

29.362 

89.266 

29.137 

89.175 

28.952 

29.292 

29.237 

29.154 

29.339 

29.247 

29.235 

29.018 

29.636 

29.406 

29.092 

29.204 

29.445 

29.639 

29.729 

29.238 

29.225 

29.476 

29.436 

29.616 

29.190 

28. 824 


29.297 


89.507 


29.241 

88.890 

28.784 

28.921 

29.  169 

29.  (193 

29.010 

29.305 

29.445 

29.778 

29.462 

29.126 

29.413 

29.845 

29.358 

88.630 

89.388 

89.509 

89.534 

29.500 

29.535 

29.375 

28.961 

29.3.U 

29.228 

29. 447 

29.371 

29.369 


a 

P. 


39.465 

89.194 

29.193 

29.314 

29.149 

29.456 

29.166 

39.241 

29.037 

28.974 

29.496 

39.395 

29.332 

29.429 

29.156 

29.400 

29.842 

29.581 

29.306 

29.109 

29.278 

29.528 

29.696 

29.651 

29.224 

29.796 

29.515 

29.521 

29.  @5 

29.120 

28.786 


i 


29.349 


89.466 


89.190 

28.806 

2a  810 

29.  060 

29.237 

29.302 

28.991 

29.390 

29.579 

29.669 

29.504 

29.200 

29.679 

29.782 

2a  826 

2a  996 

29,334 

89.667 

29.453 

29.492 

29.630 

29.053 

29.098 

29.336 

39.312 

29.501 

29.405 

29.237 


29.483 


29.535 

29.196 

29.126 

29.361 

29.172 

29.379 

29.274 

29.164 

29.153 

28.974 

29.320 

39.248 

29.224 

29.396 

29.259 

29.300 

29.520 

29.654 

29.410 

29.116 

29.221 

29.324 

29.645 

29.709 

29.307 

29.267 

29.486 

29.455 

29.602 

29.251 

28.908 


29.332 


29.220 
28.898 
28.792 
28.957 
29.177 
29.239 
29.058 
29.326 
29.491 
29.736 
29.475 
29. 208 
29.477 
29.831 
29.263 
28.785 
29.369 
29.512 
29.551 
29.479 
29.541 
29.357 
2a  986 
29.353 
29.264 
29.495 
29.443 
29.349 


29.485 


S 


oaj 


.076 

.065.04&.M 

.lld.OS^W 

.l0».(IB&tfl> 

.101.0661.  (IK 

.Cdl.Od^.CB^ 

.063*.0»LO» 

.09O.083LfllS 

.059. 061'.  OS!, 

.081.054.ffl' 

.061.C1»,.I« 

.061. 0571.  «(j 

.096. 0781  esa 

lO3.O6r.0» 

090. 093.071' 
.036.QSM9 

064.0»|.(S 
.07l!.06Bj.« 
.0e9.057[flW 

063.0S2.0» 
.069.  OCT.  Oil 
.071. 061, « 
.08$;.0S3l(W 
.098. 0791.  ff» 

.iio.iiofw 

.063.074' 

.076.0661 

.0441.041. 

.034.094^ 

.065.(W-     , 

.l»l.a99}.l#ij 


066.074,(89^ 

136.071.  lOli 

ia.l23.llT, 

13».13fr.l3Ji 

123.l23pM»! 

123.Qe5.0a»i 

946. 1721.  U 

054.0       ' 

OM.O33l081| 

043.043k 

067u(DC|.( 

aoTLioj.] 

11S[  083^11 
OM;.OI5Lf 

10^.1431.1 
Itt!.  190.11 

OMLOSTi.! 

0ii046).l 

OO).! 

,m\ 

.054L 


BEPOBT   OF   THE   8ECBETABT   OF   WAB. 


1055 


ike  northern  and  nortkweetem  lakes  at  Ontonagon^  Miekigan, 


VAPOR. 

wnro. 

Amonnt 

elondin< 

<0-^dc 

tof 

lar 

ren- 
rer- 

4'S 

Is 

godrf 

l.1 

11 

H 

®  ai 

ilj 

Hnmlditj. 
Satoration  =  l.OOa 

Direction. 
From  whenee. 

Yelodty.  in 
milei,  per 
hour. 

1 

IS 

1 

•ky.) 

<10=i3 

tirely  oi 

caatj 

• 

(X 

et 

d 

at 

• 

1 

4 

a 

• 

a 

m 

4 
»• 

35 
4 

12 
12 
12 
35 
4 

25 
25 

\ 

12 
4 
4 
4 

35 

12 

12 

12 

4 

25 

12 

4 

4 

4 

35 

35 

25 

25 

4 

4 

a 

Of 

IS 
12 
0 
12 
25 
25 
12 
4 

25 
4 
4 
12 
0 
4 
4 
75 
4 

12 
2 
12 
4 
4 
4 
4 

25 
60 
45 
75 
35 
12 
4 

i 

a 

Ok 

4 

a 

et 

e 

a 

A 

1.000 

.910 
.570 
.761 
.803 
.660 
.772 
.483 
.730 
.706 
.772 
.810 
.772 
.794 
.803 
.730 
.845 
.899 
.752 
.680 
.840 
.819 
.823 
.842 
.857 
.930 
.898 
.911 
.867 
.839 
.239 
.860 

LOOO 
.  856 
.914 
.794 
.901 
.819 
.840 
.840 
.804 
.791 
.894 
.797 
.834 
.816 
.790 
.561 
.894 
.818 
.797 
.635 
.816 
.804 
.810 
.905 
.930 
.909 
.901 
1.000 
1.000 
.919 
.850 

.970 
.763 
.862 
.809 
.876 
.785 
.712 
.811 
.771 
.787 
.863 
.787 
.811 
.811 
.782 
.802 
.892 
.821 
.792 
.795 
.849 
.810 
.819 
.878 
.924 
.905 
.937 
.865 
.946 
.828 
.883 

8 

8 

8 

NB  ... 
NB  ... 

w.... 

8W... 

N 

N 

8 

8 

SE  .  .. 

9  •  •  •  •  • 

E 

o  ..... 
W.... 
NE.... 

8 

SE... 

8 

NB.... 

N 

8 

8 

8 

N 

WNW 
8W... 
W  .... 

8 

8 

8 

8 

Calm.. 
NE  ... 
NW... 
8W... 

8 

8 

N 

8 

8 

8 

Calm.. 

E 

8 

W.... 
NE.... 

8 

8 

N 

NE. ... 
NE.  .. 

8 

SW... 
NB... 
WNW 
W.... 
8W... 
S  •»  . . . 
88E.. 
W.... 

8..... 

8 

8 

NB..« 
SB.  .. 
NE  ... 

8 

8 

N 

8 

8 

NE  ... 
NE  .  .. 
W.... 

8 

W.... 

8 

8 

SB. . .. 

S 

NE  ... 
NE  ... 

8 

8 

NE. ... 
NW... 
SW.  . 

s  w ... 

8 

s  ..... 
N 

4 
2 
4 
12 
4 

35 
4 
12 
25 
12 
4 

25 
25 
12 
12 
35 
4 

25 
4 
4 
4 
4 
4 
4 

35 
35 
75 
35 
2 
12 
35 

17.0 
6.0 
4.0 

12.0 
8.0 
9.7 
6.3 

ao 

25.0 

6.7 

4.0 

9.0 

7.3 

1.3 

6.7 

48.3 

4.7 

16.3 

6.0 

1.3 

11.0 

6.0 

4.0 

3.7 

19.0 

38.3 

45.3 

45.0 

18.7 

9.3 

10.7 

4.3 

12.3 

9.3 

4.0 

4.7 

13.3 

17.0 

6.0 

50.0 

28.7 

6.0 

5.7 

5.7 

19.0 

3.3 

19.3 

19  7 

o 

Sonth . . 
South . . 
South . . 
N.45E 
N.  15  W 
N.  76W 
8.8W.. 
North . . 
North.. 
Sonth  . . 
Sonth . . 
o.  84  B  . 
N.53E. 
We«!... 
South  . . 
Weft  .. 
N.58E. 
South  . . 
S.  41  E. 
North . . 
N.45E 
N.  18E. 
South . . 
S.15W. 
N.  48E 
N.44  W 
8.  73  W 
8.  45  W 
8.  62  W 
8.  8E.. 
N.  7  W  . 

6 

0 

0 

7 

0 
10 

7 

8 

9 
10 

1 

7 

0 

6 

0 

8 

0 

0 

8 

0 

0 

6 

0 

6 

8 

0 

7 

8 

2 

0 

8 

4.5 

0 
7 
8 
8 
0 
5 
0 
10 
4 
0 
4 
8 
6 
6 
0 
8 
7 
7 
8 
8 
8 
0 
4 
0 
5 
2 
6 
0 

4.6 

0 
0 
6 
7 
5 
8 
0 
0 
10 
3 
9 
7 
8 
9 
8 
0 
0 
8 
3 
6 
0 
9 
0 
8 
7 
0 
7 
8 
0 
8 
8 

5.1 

5 

0 
0 
5 
0 
2 
9 
10 
2 
0 
0 
7 
7 
3 
7 
8 
7 
6 
4 
7 
2 
0 
8 
0 
0 
0 
0 
6 

3.7 

0 
0 
0 
0 
0 
0 
0 
0 
5 
0 
0 
8 
3 
3 
0 
0 
0 
6 
8 
7 
8 
0 
0 
8 
0 
0 
0 
0 
0 
0 
0 

1.9 

0 
0 
0 
0 
0 
0 
5 
9 
0 
0 
0 
8 
5 
0 
8 
7 
2 
7 
6 
8 
2 
0 
0 
0 
0 
0 
0 
0 

2.4 

.88 

.911 

.629 

.868 
.785 

.12 

.613 
.864 
.604 
.797 

.791 
.604 
.813 
.825 

.04 
.08 
.10 
.07 
.60 
.04 
.28 
.04 

1.000 
.882 
.692 

.03 
.05 

.699 
.909 

.03 

.911 
.604 
.904 
.872 
.913 

.06 
.21 
.05 
.08 

.907 
1.000 

.698 
1.000 

.605 

.14 
.12 
.15 
.04 

.920 

.05 

.895 

.823 

.874 

.864 

S79W. 

2.68 

25 

12 

4 

4 

4 

4 

12 

45 

45 

12 

12 

12 

12 

4 

12 

25 

4 

35 

12 

4 

25 
4 
25 
12 
4 
4 
4 
4 

12 

12 

4 

12 

4 

35 

2 

60 

35 

12 

4 

4 

35 

12 

25 

35 

4 

12 

12 

25 

4 

25 

12 

4 

4 

4 

4 

25 

0 
4 

4 
4 

35 

12 

4 

45 

12 

12 

4 

2 

12 

4 

25 

35 

.916 
.855 
.917 

.919 
.653 
.839 
.712 
.568 
.537 
.955 
.886 
1.000 
.760 
.816 
.905 

.  CWJ 

.829 
.711 
.812 
.738 
.734 
.810 
.831 
.  896 
.600 
1.000 
.784 
.738 
.654 
.500 
.794 

.906 
.823 
.876 
.829 
.876 
.842 
.847 

i.OOO 

1.000 
.862 
.839 
.705 
.840 
.  869 
.839 
.829 
.797 
.777 
.810 
•  898 
.886 
.916 
.874 

1.000 
.834 
.803 
.862 

1.000 

.914 
.777 
.077 
.770 
.736 
.766 
.856 
.995 
1.000 
.849 
.846 
.845 
.868 
.827 
.787 
.801 
.820 
.812 
.873 
.910 
.889 
.905 
.928 
.928 
.785 
.819 
.718 
.841 

NW... 

8 

8 

8 

8 

8 

8 

NW... 
NW... 
8    .... 

8 

8 

NE  ... 
NB  ... 
SB.... 

8 

8 

NB... 
NB  ... 
NE  ... 
NB  ... 

8 

N 

8W... 

8 

8 

8 

N 

NW... 

S 

8 

8 

W.... 

8 

8 

NW... 
W  .... 
NW... 
W  .... 
SE.... 
NB  ... 
Inr  .... 

E 

W  .... 

8 

SE. ... 
NE  ... 
NB  ... 

8 

8 

N 

W  .... 

N 

8 

W.... 
NE  .. . 

Calm.. 

8 

S 

NE  ... 
SW... 

8 

S 

NW... 
NW- . . 

8 

8 

8 

NB    .. 

8 

SE 

NW... 

8 

NB  ... 
NB  ... 
NB  ... 

8 

8 

N 

8 

8 

8 

8 

8B. ... 

N.  46W 
South . . 
South . . 
8.11  E. 
8.  45  W 
South  . . 
South  . . 
N.45  W 
N.  62  W 
8.  28  W 
S.  14  W 
S.  9E.. 
N.45E 
8.83W 
8.63  B 
8. 89  Vf . 
South  . . 
N.62  E 
N.  45  E  . 
N.  45  B 
N.  61  E 
South  .. 
North  . . 
8. 45  W 
South  . . 
South  . . 
S.27W 
N.  48  B 

.14 
.06 

"*765 

.14 

.920 
.772 

.05 

1.000 

1.000 
.926 

.10 

.884 
.926 

.18 

OQtf£ 

.784 

.811 

.761 

.925 

4  1  4.0 

4  '13.7 

4  !  9.3 

25   18.0 

.14 

1.000 
1.000 

.11 

.686 
1.000 

4 

12 
25 

4 
4 

4 
4 
4 

6.7 
13.7 
20.7 
6.0 
1.3 
4.0 
3.0 
9.3 

.10 

.911 
LOOO 

.14 

.784 

LOOO 

.791 

.730 

.659 

.787 

.867 

.848 

1.5 

N.5ew 

1.16 

I 
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REPORT   OF  THE   SECRETARY   OF   WAR. 


Reductions  of  the  montklff  meteorological  regisUr  of  the  smite 


Date. 


Barometer  redaced  to  temperature 
of  32<>  Fahr.,  expressed  In  United 
States  inches  and  decimals. 


a 


1867. 
Mar.  1 

2 
3 
4 

5 
6 
7 
8 
9 
10 
11 
IS 
13 
14 
15 
16 
17 
18 
19 
90 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

Means 


April  1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

Means. 


28.824 
29.382 
29.351 
29.235 
29.537 
29.576 
29.477 
29.782 
29.533 
28.990 
29.572 
29.546 
29.433 
29.580 
29.467 
29.480 
29.267 
29.269 
29.436 
29.600 
29.451 
29.427 
29.392 
29.568 
29.690 
29.635 
29.466 
21).  500 
29.389 
29.266 
29.144 


29.442 


28.837 
29.375 
29.326 
29.397 
29.361 
28.992 
29.214 
29.458 
29.533 
29.347 
29.  .368 
29.137 
29.052 
29.123 
29.033 
29.299 
29.531 
29.541 
29.256 
28.970 
29.271 
29.280 
29.492 
29.484 
29.287 
28.888 
29.375 
29.116 
28.814 
29.398 


29.252 


28.828 
29.461 
29  260 
29.428 
29.685 
29.427 
29.563 
29.720 
29.446 
28.859 
29.614 
29.483 
29.429 
29.453 
29.415 
29.332 
29.226 
29.525 
29.142 
29.543 
29.357 
29.428 
29.330 
29.547 
29.712 
29.523 
29.438 
29.448 
29.268 
29.171 
29.022 


29.403 


28.929 
29.379 
29.341 
29.383 
29.310 
28.962 
29.239 
29.528 
29.400 
29.453 
29.169 
28.930 
29.005 
29.031 
29.147 
29.311 
29.585 
29.261 
20.212 
29.193 
29.219 
29.341 
29.465 
29.347 
29.197 
29.266 
29.345 
28.967 
28.791 
29.  £22 


8 
at 


29.235 


28.924 
29.446 
29.226 
29.440 
29.730 
29.414 
29.674 
29.678 
29.346 
29.165 
29.483 
29.412 
29.439 
29.468 
29.482 
29.295 
29.238 
29.163 
29.520 
29.579 
29.370 
29.476 
29.467 
29.475 
29.693 
29.484 
29.456 
20.417 
29.265 
29.185 
2a  885 


29.410 


29.073 
29.328 
29.356 
29.366 
29.155 
28.961 
29.291 
29.536 
29.3i)2 
29.470 
29.136 
28.998 
29.125 
28.999 
29.245 
29.431 
29.539 
29.215 
29.026 
29.262 
29.229 
29.373 
29.440 
29.324 
29.002 
29.337 
29.234 
28.960 
29.167 
29.240 


P4 


28.859 

29.430 

29.279 

29.368 

29.651 

29.472 

29.571 

29.727 

29.442 

29.005 

29.556 

29.480 

29.434 

29.500 

29.455 

29.369 

29.244 

29.319 

29.366 

29.574 

29.393 

39.444 

29.396 

29.530 

29.698 

29.547 

29.453 

29.455 

29.307 

29.217 

29.017 


TEMPERATURE— FAHRJEKHEIT. 


Wetbnlb,or 

point  of 
eyaporation. 


Dry  bnlb,  or  tern* 
peratnre  of  the 
open  air. 


TAPOa 


EUutidt7,ii 
inehei  sn 


8 

E 

d 

• 

t» 

« 

.197 

.136 

.034 

.043 

.027 

.063 

.. . . 

.067 

.( 
.( 


29.418 


28.946 
29.361 
29.341 
29.382 
29.275 
28.978 
29.248 
29.514 
29.412 
29.423 
29.  i^ 
29.022 
29.061 
29.051 
29.142 
29.347 
29.552 
29.339 
29.165 
29.142 
29.240 
29.331 
29.466 
29.400 
29.162 
29.164 
29.318 
29.014 
28.924 
29.320 


29.238 


29.242 


.1691.13 

islv. 

219]L 
133^ 


,1861122: 
.  104L  166| 

.137^.113^ 
,0921 156*  i:= 
.132.249^ 

.iso.sw-e 
.isB.aoc 

.188.2I6& 

.iw.ao^e 

1W.236S* 
.1«.»1X4 


.186.210J 
I57.14fe» 
131.13SC 


149 

162 

.184 

.129 

156 

,251 

25. 5!.  la^  1 
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the  nortkern  and  northwestern  thkes  at  Ontonagon^  Michigan. 


VAPOR. 

WIND. 

Amount  of 

cloudineHs. 

(0  =  clear 

•ky.) 
(10 — Hkv  en- 
tirely over- 
cant.') 

—  « 

0  * 

1  .-5 

< 

•  melted 
inches 

• 

Humidity. 
Saturation  =1,000. 

Direction. 
From  whence. 

Velocity,  in 
miieit,  per 
hour. 

Si 

IS 

•5  s 

1 

t 

9 

*• 

9 
1 

« 
• 

r- 

• 

S 

• 

a 

0. 

• 

s 

• 

a 

• 

B 
0. 

• 

B 

« 

0. 

• 

a 

12 
12 

24 
24 

24 

45 

12 
12 

2 
12 

2 

2 
12 
25 

4 

4 

2 
0 
4 
0 

12 

12 
4 
4 

25 
2 
4 
2 
4 
4 
2 

12 

35 
4 

12 
4 

25 

4 

0 

2 
35 

4 

4 
35 

4 

• 

B 
d 

45 

12 

4 

24 

60 

24 

24 

4 

4 

2 

4 

12 

45 

12 

35 

12 

4 

12 

12 

12 

2 

4 

12 

4 
0 

m 

4 
4 
4 

12 
4 
4 

•  •  •  • 

12 

4 

2 

12 

12 

12 

4 

12 

12 

25 

12 

12 

4 

4 

2 

4 

12 

35 

12 

25 

12 

12 

4 

12 

12 

25 

12 

35 

2 

12 

• 

S 

« 

7 
3 
8 
6 
4 
3 
3 
0 
3 

I 
I 

0 
2 
8 
0 
0 
7 
7 
3 
3 
7 
7 
0 
8 
0 
0 
0 
2 
0 

• 

B 

>       • 

a 

CI 

8 
2 
0 
3 
0 
4 
3 
0 
2 
0 
2 
2 
2 
0 
0 
2 
0 
0 
6 
0 
8 
8 
6 
0 
0 
8 
0 
0 
0 
0 
0 

2.1 

0 
0 

• 

a 

• 

a 
e> 

10 

0 

0 

0 
10 
10 

0 

0 

0 

0 

1 

0 
0 
0 
0 
0 
0 
0 

1 

3 
0 
0 
10 
0 
0 
0 
0 
0 
0 
0 
8 

1.7 

0 
6 
U) 
0 
0 
0 
0 
0 

0 
0 

0 
0 
8 
0 

go's 

< 

.949 

.683 

Qin 

.847 
798 
.872 
.951 
.849 
.757 
.847 
.868 
.791 
.900 
.790 
.8:r7 
.950 
.890 
.844 
.824 
.837 
.810 
.717 
.754 
.932 
.896 
.937 
.974 
.830 
.810 
.720 
.740 
.623 
.595 
.721 

8 

N 

8 

8 

W.... 

8 

VI  .... 

8 

8 

NB  ... 
W.... 
S    .... 

w.... 
sw .  . 

8 

S 

W.-.. 

s 

W..-. 

s 

8 

w.... 

8 

NB  ... 
0  .... 

8 

S 

W.... 

8 

W.... 
8 

W.NW 

N 

NE  ... 
N.W  .  . 
SW  .  . 

8 

W.NW 
N..,.. 

S 

NB  ... 
W.... 
NE  ... 
W.... 
W.... 
W  ... 

w.... 
w.... 
w... 

NW.  . 

8 

W.... 
W^ 

W.NW 
NE  ... 
NW.  . 

S 

NE  ... 

8 

W  .... 
W.... 
s 

NW.  . 

8    .... 
NE  ... 
S  ....'. 

s 

8 

S 

8 

S 

W..-. 

s 

NE  ... 
W.SW 

s 

8 

8 

8 

S 

8 

S 

SW  . 
SW  .  . 
NB  ... 
Calm.. 

S 

S 

8 

8 

S 

S 

S 

45  27.3 
4  I  6.7 

0 

N.63W. 

North   . 
N.87  E. 
N.63VV 
8. 45  W. 
South 
N.83W. 
South   . 
South   . 
N.  78  W. 
8. 82  W. 
N.60E 
8. 85  W. 
8.68  W. 
S.  80  VV. 
8.  57  W. 
8.  76  W. 
8.  64  VV. 
N.72W. 
South    . 
S.35W. 
a.  67  W. 
N.65V\^ 
N.45E 
S.27W. 
South 
8.66  E 
8. 13  W. 
8.  37  VV. 
S.  68  VV. 
South . . 

839 

.760  1  .794 

.616    1.000 

.902  jl.OOO 

687  :i   (WMi 

l.QOO 

"e59* 

2 

4 

4 

24 

4 
2 
4 

24 
4 
2 

24 
4 

? 

4 
2 
2 
4 

4 

\ 

0 
2 
4 
2 
4 
4 

2.3 

6.7 

22.0 

24.0 

1.5.7 
0.7 
4.0 
6.7 
9.7 
3.7 

37.7 
5.0 

12.0 
5.0 
5.7 
4.7 
7.2 
6.7 
2.7 
3.7 
3.0 
2.6 
1.0 
6.7 
l.O 
3.0 
6.7 



.03 
.04 

.696 

.694 
.659 
.721 

.6:« 

1.000 
.671 
.810 

1.000 
.671 
.696 
.682 
.660 
.738 
610 
.314 
.931 
.744 

1.000 
.921 
.721 

'.'582 
.738 
.5:J4 
.5.'>4 
.677 

.880 
.882 
.882 
.840 
.860 
.839 

l.OOi) 
.850 

1.000 
.835 
.791 
.850 
,692 

.'948* 
.947 
.945 
.864 
l.OOO- 
.769 
.855 
.768 
.483 
.712 
.636 
.617 

1  000 

1.000 

.894 
.840 
.850 

1      .22 

1      .14 

.702 
1.000 
1.000 
LOOO 
I.  COO 

11 

04 

1 
......j  .--  •. 

1      .02 

I    000 

1   000 

i 

-83:* 

! 

1.000 
.896 

02 

l.OUO 
946 

1      .06 

1.000 

i 

1.000 

1 

.765 

.810 

1.000 

12    10.7 
2     3,3 

.866 

.919 

.721 

.848 

.823 



4 

5.7 
."»  7 

8  71  W. 

0 
0 

1      .68 

738 

.681 
.636 
.791 
.785 
.903 

.'426' 

.588 

.565 

.615 

.483 

.772 

.512 

.786 

.907 

.602 

.704 

.781 

.692 

.86:t 

.698 
.712 
.820 
.750 
.866 
.a39 
.900 
.380 
.684 
.661 

.785 
.550 
.893 
.699 

'.7I2* 
.675 
.634 
.843 

.'768' 

.843 

.820 

.863 

.797 

.864 

.912 

.777 

.882 

.895 

.736 

.895 

.800 

.656 

.726 

.754 

.617 

.647 

.895 

.802 

.735 
.7J5 
.848 
.781 
.882 
.753 
.604 
.678 
.757 
.732 
.700 
.773 
.667 
.834 
.984 
.805 
.838 
.697 
.801 
.856 
.761 
.782 
.810 
.766 
.829 
.789 
.799 
.  505 
.806 
.715 

S 

8 

Calm.. 
NE  ... 
Calm.. 
SW  .  . 
8.  SW. 
NW.  . 
SW  . . 

w... 

s 

8 

8 

8 

W.... 

s 

w .... 

s 

8W  .  . 

sw . 

W  .... 

N 

8 

SW  .  . 

s 

N.NE 
W.NW 

8 

8 

N 

W.... 
NE  ... 

8 

NE  ... 
W.-.. 
W  .... 
NW-. 
W.... 
W.... 
NE  ... 
W.... 
NE  ... 
W  .... 

N ■ 

NW     . 
W.NW 
W  .... 

8 

VV  .... 

w.... 

NW.  . 

N 

N 

NW.  . 
SW  .  . 

N 

SW  .  - 

s.sw. 

8 

w .... 

w.... 

s .... 
Calm.. 
Calm.. 
Culm.. 
W  . . . . 
SW  . . 

8 

8 

Calm.. 

S 

8 

SW  . . 

N 

S 

w.... 

8 

S 

w.... 

w .... 

8 

Calm.. 

S 

8 

N 

S 

8 

8 

N 

W.... 

8. 76  W. 
8.38  E 
South 
N.  45  E 
Went  .. 
S.  75  W. 
8. 43  W. 
S.85W. 
8.  85  W. 
N.  23  VV. 
8.  72  VV. 
S.  47  E 
S.  53  W. 
North 
8.  83  W. 
S.  86  W. 
8.  85  VV. 
South.. 
8.  84  W. 
S.  79  W. 
N.  63  W. 
North    . 
South 
N.63W. 
S.54VV. 
N.  14  E 
S.  47  W. 
S.  12  W. 
South    . 
N.  76  VV. 

.9is9 

41   1.3 
0  1  0.7 
0     5.3 
0     4.0 

.860 

*.863 
.860 

8 
0 
2 
0 
6 
0 
1 
0 
0 
0 
7 

5 

0 
4 
0 
0 
0 
4 
0 
0 
1 

8 

.794 

12 

4 

1 
I 

12 
4 

2 

12 

2 

12 

11.3 
5.0 
5.0 
5.0 
6.3 
4.3 
3.7 
2.7 
0.7 
1.7 
2.7 
8.3 

e>7  n 

.818 

.812 

.862 

.••••-]•••••• 

.7t>8 

.850 

.703' 

1 

.669 

! 

.850 
.948 

...... 

.08 
.04 

948 

0 
0 
7 
0 
3 
7 
8 
1 
0 
2 
7 
3 
0 
4 
4 

2.4 

0 
0 
7 
0 
8 
6 
3 
0 
0 
7 
7 
0 
0 
7 
0 

2.4 

0 
4 

7 
7 
7 
3 
0 
0 
2 
0 
0 
6 
3 
0 
8 

1 

.898 

.533 

1 

.829 

12  1  do 

1 

.811 
.848 

12 
2 
0 
2 
2 
4 
2 
4 
25 
35 
4 

15. 3 
4.7 

12.3 
0.7 
3.7 
3.7 

19.0 
5.7 

21.0 
0.7 
5.7 

.^3 

06 

.740 

1 

.890 

.... 

.896 

. 

.775 
880 

1      .12 

1 

483 

......  j  .••••• 

.840 
.683 

40 

1      .12 

.807 

.706       776 

.763 

S.  72  VV. 

77 

1 
1 

^ 

67  w— Part  U 


u^ 


^0^'^ 


o^ 


t^^ 


.t.c^^ 


x^^ 


\V^^ 


Ke 


duct**''*' 


rf 


the 


fliO« 


thl!l 


tn 


eltoT 


(^lo 


gicol 


regi** 


lU««^ 


;k?0*- 


fV 


^^X^ 


tt^**^- 


^•J?5^^^»^::>^^ 


^w 


w 


.c^^? 


8ft< 


^   \    i 


240 


•29 


-2^  \^   ^^ 


•?J 


\  .>a, 


3AO 


.30 


\;\^ 


U'2 


\3ft.3  \f{    \-J*   .'Vv^ 

3^ 


v.*  ,7,^ 


3SJ. 


r.0 


\35. 


\* 


7i».:V20 


2CA^ 


^^^ 


^305\^-.'2BV\^^     M 


5'^^-  ^;^5  \>!i  Wt 

•  -"  5'Att  Va:! 


\ 


'**-^35    \*^ 

^^•rW5 


*^*  .v^,.>  ;4«»«     i«vj 


3\\ 


^e»P* 


3UO0 


,9. 


<i9. 


*2d» 


?Jv 


40.5  vi\   32 

4\.-M\\     36 


'29 


3 


5 
6 

1 


00.282 
'29.  ^^'-^ 


i^O-^  r.v5 


2» 

08. 


\  ^  095  \'*-  **  49 

^•^Si  '^- -i^T  W  Sk-VoJ-^^'- 


\3  \  ^.  \94 
U  \5,.25T 
\*\«9.4'2V 


09.  \«"' 
'29.^^* 


'29.2^1t\Si>;« 


\40.5.TA.5\^-i 
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the  northern  and  northwestern  lakes  at  Ontonagon^  Michigan, 


VAPOR. 


Hnmidity. 
Saturatioa=l,000. 


a 

CB 


.684 
.780 
.483 
.9\>7 
.435 
.948 
.792 
.543 
.9^7 
.905 
.»ui 
.744 
.738 
.  8^ 
.834 
.Itic 
.T3S 

.905 
.773 
.726 
.T.i2 
.742 
-884 
1.  CKM} 
.954 
.824 
.869 
.956 
.829 
.660 


a 

a 


.896 
.HO) 
.624 
.820 
.ei>3 

.7(»ri 

.661 
.607 
.202 
.6J7 
.546 
.642 
.776 
.7b3 
.645 
.56:J 
.6.98 
..589 
.641 
.8-29 
.716 
.807 
.6:J3 
.850 
.952 
.92.} 
..544 
.811 
.7-27 
.676 
.703 


a 


..599 
.8:16 
.847 

LOGO 
.S^ 
.744 
.7J3 
.773 
.90J 
.7.30 
.849 
.666 
.719 
.8.V3 
.807 
.80-2 
.712 
.923 
.847 
.744 
.907 
.692 
.710 
.8-26 

1. 000 
.912 
.853 
.955 
.889 
.920 
.857 


.798 

.765 

.864 

.573 

.878 

.762 

.578 

...... 

.921 

.73:j 

.656 

.647 

.888 

.618 

.692 

.751 

.862 

.828 

.7:15 

..569 

.798 

.690 

.843 

.644 

.935 

.683 

.776 

.703 

.802 

.743 

.880 

.927 

.894 

.757 

.814 

.834 

.874 

.601 

.717 

.544 

.761 

.576 

.708 

.499 

.817 

.710 

.828 

.6i)8 

.772 

.681 

.96;J 

.747 

.713 

.694 

.7-29 

.764 

.783 

.751 

.963 
.845 

.899 

.8:39 
.802 
.620 
.901 
.848 
.867 
.753 
.747 
.329 
.925 
.841 
.842 
.669 
.827 
.883 
.867 
.833 
.799 
.909 
.941 
.945 
.886 


.847 
.7*3 
.744 
.886 


a 

9/ 


.726 
.8)5 
.651 
.9i>9 
.731 
.799 
.719 
.641 
.KMJ 
.754 
.753 
.684 
.744 
.772 
.762 
.709 
.716 
.803 
.798 
.782 
.783 
.744 
.695 
.85:* 
.984 
.930 
.740 
.878 
.737 
.8iJ8 
.740 


797     .7-20     .823     .780 


.842 
.845 
.779 
.826 
.690 
.758 
.7:)5 
.785 
.770 
.814 
.684 
.606 
.804 
.820 
.774 
.rJ8 
.878 
.845 
.838 
.769 
.687 
.749 
.716 
.824 
.804 
.730 
.852 
.730 
.746 
.807 


WIND. 


Direction. 
From  wheuce. 


a 


a 


N 

N 

S 

E 

SW... 
NW... 

N 

S 

SB... 
\V  .... 
W.... 

8 

W  .... 

N 

N 

SW... 
8 

*3     •  •  •  •  * 

NB  •• . 

N 

NE  ... 
NB  ... 
NW... 
Calm.. 
NW... 
Calm.. 
NB... 
NW  .. 
Calm.. 

N 

N 


E.... 
NE... 
Calm. 
NE  .. 
E  ... 
SW.. 
Calm. 
NE  .. 
SE.'. . 
B.... 
E... 
8W.. 
Sci  ••> 
S ■ .. •• 

w.... 

8W.. 

8 

W  ... 

8 

S 

8 

W... 

o  •> .  .  • 

8 

8 

8  .... 
E... 
W... 
SW., 
8..... 


w   ... 

N 

B 

W.... 
W.... 

N 

N 

N 

NE  ... 
W.NW 

N 

N 

N 

N 

N 

N 

NW.. 

N 

NE.... 

N 

NE  ... 
NE  .. 
NW  .. 
NW... 

N 

NW.. 
NE  ... 
SB... 
SW... 

N 

N 


N 

8W... 
W... 
NB... 
NB... 

N 

NB  ... 
SB.... 
NB  ... 
Calm.. 
8W... 

B 

^j ...... 

W  . . . . 

Niu  .. . 
W.... 

w.... 

NB.... 

9 -•  •  •  •  • 

»J«    •  ■    •    •   a 

w .... 

•9 .....  . 

8 

SB.... 
8  . . . . . 
W.... 
W  .... 
8W... 
W  ... 


.754     .696 


.856 


775 


N... 

B... 
SB.. 
S... 
NW. 
NW. 
N... 
NB.. 

o     .  •  . 

W  .. 

S ..  • . 
9   ... 

8  ... 
S  ... 
N... 
N... 
8.... 
NE  . 
NB  . 
NE  . 
NB  . 
NE.. 
Calm 
NW. 
Ciilm 
Cjim 
Calm 
N... 
NW. 
Calm 
Calm 


Velocity,  in 
mi  leu,  pur 
hour. 


>*t 


a 


45 
•> 

■V 

12 

2 

12 

35 

4 

4 

12 
12 
4 
S 
4 
2 
2 

4 

o 

A» 

2 
4 
4 
4 

12 

12 

0 

45 

0 
o 

2 
0 
4 
4 


a 

d 


12 

12 

25 

2 

25 

12 

4 

4 

4 

4 

4 

12 
12 
25 
12 
12 
4 

12 
25 
25 
25 
4 
25 
4 

60 
12 
35 
25 
25 
2 
12 


35 

12 

25 

2 

35 

12 

2 

4 

4 

12 

4 

12 

4 

2 

2 

4 

4 

12 

12 

12 

12 

2 

0 

2 

0 

0 

0 

2) 

12 

0 

0 


_  a 
S-2 


0» 


o 
o 


s 

it 


Amount  of 
cloudiueMH. 
(0=clear 
«ky.) 
(10=iiky  en- 
tirely over- 
cant.; 


a 


27.0 
6.3 

17.3 
0.7 

2).  3 

18.7 

a  3 

1.3 

5.0 

9.0 

1.3 

0.7 

3.0 

8.3 

5.3 

4.7 

1.3 

6.7 

13.7 

12.7 

i:i.  7 

6.0 

1-2.3 

2.0 

3-2.3 

4.0! 

12.0: 

6.3 

9.3 

2.0 

5  3 


N.  9W 
N.39  E 
8.  55  E 
South  . . 
N.74  W. 
N.36W. 
North  . . 
N.  45  E 
8.  49  W. 
N.  87  W. 
Went  . . 
South  . . 
N.27W. 
North  . . 
North  . . 
N.  9  W. 
8.38  W. 
N.25E 
N.  43E 
N.  13E 
N.  45E 
N.  45B 
N.45W. 
N.45W. 
N.  I9W. 
N.  45  W. 
N.  45E 
N.6aE 
8.71  W. 
North  . . 
North , . 


7 
0 
0 
8 
3 
6 
7 
3 
8 
2 
6 
0 
4 
0 
0 
2 
2 
0 
3 
6 
0 
0 
0 
9 
10 
3 
0 
8 
9 
0 
6 


a. 

CI 


0 

0 

6 

0 

5 

3 

0 
o 

4 

3 
0 
3 
6 
0 
0 
2 
2 
0 
7 
4 
4 
2 
0 
8 
9 
6 
3 
9 
3 
0 
7 


Calm.. 

4 

25 

W  .... 

25 

25 

NE  ... 

0 

•25 

Calm.. 

12 

4 

NW... 

12 

4 

W  .... 

12 

25 

NW... 

0 

45 

SB... 

12 

12 

SB.... 

25 

35 

E 

4 

0 

8 

12 

25 

8W... 

4 

2 

SB.... 

2 

35 

8 

o 

tt0 

4 

Calm.. 

12 

12 

N 

4 

35 

W.... 

4 

25 

E 

12 

25 

8 

2 

4 

S 

12 

12 

8 

25 

4 

8 

2 

4 

S 

12 

12 

8 

25 

12 

W... 

25 

12 

Calm.. 

12 

12 

W.... 

12 

25 

8 

4 

4 

8 

12 

2 

8 

2 

25 

0 

35 

2 

0 

12 

2 

25 

12 

12 

25 

25 

4 

45 

2 

0 

4 

12 
4 
4 
4 
4 
2 
4 
4 
25 
0 
12 
4 

12 
12 


8.7 

11.7 
7.7 
5  3 
4.3 
6.7 

17.0 
9.0 

17.0 
9.7 

14.3 

:i.o 

26.3 
2.71 
8.o! 

11.  0 

12.7; 

11.0 
1.3j 
9.3 

ll.o! 
2.  3! 
9.3| 

13.7 

12.3 
8.0 
8.3 

ao 

8.0 
9.7 


»  »<  mt 


N.9B.. 

WfHt... 

N.87W. 
N.45E 
N.  29E 
N.33W. 
N.  16B. 
S.  71  B 
S.  88E 
EaMt  . . . 
8.  7  W 
8.  35  W. 
8.  60E. 
South . . 
West... 
N.  40E 
S  84  W. 
West... 
8.  38E 
South  . . 
South  . . 
S.73W. 
South  . . 
South  . . 
8. 26  W. 
South . . 
Weat... 
8.  &3  W. 
8. 24  W. 
8.29W. 


a. 


5-3 

.  » 

o 

•=^ 
as  a 

o  « 

>  ja 

if  o 

<M  a 

»*  . 
aoo 
a 

a*^ 
< 


3 
0 
0 
2 
0 
8 
0 
0 
0 
0 
0 
0 
7 
0 
0 
7 
0 
0 
7 
7 
2 
I 
7 
0 
0 
0 
0 
9 
7 
0 
1 


4.2    N.5W  !  3.6i  2.91  2.2' 


9 

9 

10 

10 

10 

10 

0 

2 

1 
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0 

1 

8 

10 

8 

8 

9 

10 

1 

8 

0 

5 

0 

0 

7 

2 

8 

9 

2 

I 

5 

3 
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3 

1 

9 

8 

9 

9 

3 

5 

0 

0 

0 

0 

2 

7 

4 

9 

3 

2 

0 

5 

3 

4 

0 

4 

4 

5 

3 

3 

0 

0 

0 

0 

3 

7 

5 

3 

8 

4 

2 

8 

4 

0 

6 

5 

5 

0 

0 

0 

1 

0 

3 

0 

2 

0 

3 

2 

2. 


8.  9  W.    3.3   4.4   3.7' 


^.a 

II 

OQQ 
^  a  S 

CD 

S 


'ii 


53 


2\ 
21 


33 


1.38 


.39 
.10 


.75 


.20 

.08 


.63 


.26 
.05 

»  •  •  • 

.12 


.18 

.16 

6 

.48 


3.66 
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REPORT   OF    THE    SECRETARY    OF   WAR 


Keductiotu  of  the  monthly  meteorological  register  of  the  nru 


TEMPERATURE— FAHREIIHEIT. 

VAFOIL 

Barometer  reduced  to  tempemture 
of  32^  Fahr.,  expreiised  la  United 

StMteB  inches  and  decimali. 

Wet  bulb,  or 

Dry  bulb,  or  tem- 

EUutidty.iit 

Date. 

point  of 

perature  of  the 

inehea  and  d 

evaporation. 

open  air. 

• 

B 

0 

S 

• 

E 

0 

E 

• 

• 

a 

• 

a 

• 

i 

a 

s 

• 

S 

■ 

a 

• 

a 

• 

6 

• 

E 

• 

a 

a 

E 

i 

m 

GS 

• 

p. 

d 

<s 

d 

• 

ct 

• 

a 

CO 

1 

fl 

d 

• 

d  1 

r- 

09 

A 

S 

o 

0( 

o 

9) 
O 

o 

91 

O 

3» 
O 

:^ 

o 

i 

o 

f» 

et 

m 

1867. 

0 

July       1 

29.283 

29.232 

29.188 

29.234 

56 

67 

66 

60 

75 

69.5 

68.2 

58 

.396 

.5541.5W 

2 

29.  157 

29.163 

29.193 

29.  171 

66 

71 

67 

69.5 

77 

70 

72.2 

....67.5 
....53.8 

.59-.; 

.678.® 

3 

29.  173 

29.188 

29.171 

29.177   65.5 

58 

53 

68 

60 

54 

60.7 

.585. 4.'^.  »S 

4 

29.217 

29.22! 

29.  IT5 

29.204 

52 

57 

55 

54 

60.5 

58 

57.5 

5.5.5;.36-.»!.4l9.» 

5 

29.186 

29.  103 

29. 128 

29.139 

59 

61.5 

63 

61 

66 

65 

64.0 

59.5 

.473 

.486,.W 

6 

29.229 

29.124 

29.111 

29.155 

5.3 

64.5 

60 

55.5 

71 

63 

6H.0 

51.2 

.37U 

.51SL4* 

7 

29.335 

29.350 

29. 404 

29.36:J 

57 

57.5 

52.5 

6L 

66 

56 

61.0 

...  ^ 

.412.36iL3 

e 

29.309 

29.264 

29.483 

29.358 

49 

60 

0.3 

53 

64.5  57 

58.3 

....144.0 

.29.5. 45?..  2 

9 

29.493 

29.271 

29.276 

29.  .347 

51 

62 

61 

54 

71.5  66 

63.8 

58 

..3:V5.4*>f-  - 
.247.7W  - 

10 

28.894 

28  982 

28  9.30 

28.935 

44.5  71 

61.5!48.5 

75 

65 

62.8 

50 

11 

29.117 

29.409 

29.444 

29.323 

58.5  55 

50 

61.5 

57.5i51.5 

56.8 

54 

.  446 . 4(»  . 

12 

29.497 

29.448 

29.430 

29.458 

52.5  60.5 

55 

55 

64 

57 

58.7 

59 

.36.».47»  - 

13 

29. 421 

29. 312 

29.325 

29.353 

60     76. 5 

59. 5'64. 5 

82 

62 

69.5 

..-.55 

.458.ft»\- 

14 

29.250 

29.107 

29.023 

29.127 

61. 5169. 5 

66 

6«.5 

1^1.5 

68 

72.0 

....54.5 

.479.53^^^- 

15 

29.280 

29.348 

29.416 

29.348 

56 

59 

57.5 

.57. 5  66 

59 

6a8 

....i60.5|.429i.40r  ' 

]6 

29.430 

29.422 

29.397 

29.416 

.55 

60.5 

42 

58 

68 

6.5.5 

63.8 

....35 

.39.1 

.42r 

17 

29.392 

29.345 

29.327 

29.355 

58.5!66 

55 

65.5 

79.5 

58 

67.7 

....152.5 

.  jEftr 

^45t* 

18 

29.341 

29.300 

29.293 

29.311 

59.5 

67.5 

m 

66 

77 

6a5 

70.5 

....6a5 

.  42:^541-^ 

19 

29.364 

29.365 

29,425 

29.385 

61.5 

65 

64.  5167 

70.5 

67 

68.2 

..-.6«» 

.472 

154*-  - 

90 

29.477 

29.419 

29.402 

29.433 

63 

66 

54.565 

70.5 

61 

65.5 

....58 

.  549 ,  57fc** 

21 

29.380 

29.  195 

29.225 

29.267 

65 

70 

68 

7a  5 

77 

72 

73.2 

-...64 

.444.«E^ 

22 

29  239 

29.311 

29.195 

29.248 

69 

T3 

71 

Ti 

83 

76 

77.3 

....7«l.5 

.65J.L67  — 

23 

29.222 

29.208 

29.  243 

29.224 

73 

73 

72.5 

78 

7-J.5 

76.5 

77.7 

....67.5 

.744.75  » 

24 

29. 280 

29. 245 

29.2:« 

29.253 

66.5 

65 

6a5 

68 

70 

76 

71.3 

....54 

.630'.55ii-ja 

25 

29.254 

29.229 

29.223 

29.2:15 

58 

64.5 

65 

6a5 

71 

68 

66.5 

....58.5 

.449.51S^ 

26 

29.223 

»).  157 

29.060 

29.127 

62 

68 

69 

65.5 

72 

72 

69.8 

....68 

.5(J9 

.63    • 

27 

28  975 

28.969 

2a  910 

28.951 

64 

76 

71 

68 

81 

72.5 

7a8 

52.5 

.543 

??^"~" 

28 

28.966 

29.  137 

29.379 

29.194 

64 

60 

51 

70.5 

64 

53 

65.8 

....'48 

.509 

.46-^ 

29 

29.467 

29.  4.54 

29.457 

29.459 

55 

67 

62 

60 

70.5 

64.5 

65.0 

....58 

.3671.61  ^ 

30 

29.428 

29.343 

29. 091 

29.287 

61 

63 

59 

65 

65.5 

60 

63.5 

...    56 

.48:1.54^= 

31 

29.073 

29.025 

29.041 

29.046 

56.5 

59  y 

58 

62.5 
65.  1 

63 

60.5 
60.6 

60 

5R.5 
62.8 

60 

68 
71.1 

69 

62.5 
64.3 

63 

63.0 

•  *  •  • 

68 

.*») 

.4?* 

, ' 

Mpane .  . . 

29.269 

29.247 

29.242 

29.25.3 

66.1 

35 

.439 
.456 

.5^ 

Aug.      1 

29.  100 

29.158 

29.234 

29.197 

64-0 

t 
....57.5 

•   ■*^^^^^^ 

2 

29.386 

29.353 

29.366 

29.368 

55 

64 

60 

57 

68.5 

61 

62.2 

....56 

.407 

.53<^^ 

3 

29.311 

29.364 

29.290 

29.288 

60.5 

78 

66 

61  . 

8*1.5 

67.5 

70.7 

...65 

.480 

.g-^ 

4 

29.371 

29.406 

29.417 

29.398 

62 

66 

63 

66 

73.5 

65 

68.2 

....63.5.502 

.538^ 

5 

29.  424 

29.380 

29.350 

29.385 

65.5 

72.5 

m 

70 

71 

71 

70.7 

....51.5 

.568 

•  *  * 

6 

29.367 

29.289 

29.314 

29.323 

70 

76 

77.5 

72.5 

83.5 

79 

78.3 

....69.5 

^689 

.79*»^ 

7 

29.350 

29.289 

29.267 

29.302 

72 

73 

70 

75 

76.5 

72 

74.5 

....70.5 

i.744 

.77    3 

8 

29.254 

29.110 

29.190 

29.185 

71.5 

79.5 

71 

75 

93 

73 

8a3 

....71 

.724 

.82=^^ 

9 

29.384 

29.  424 

29.478 

29.429 

57 

64 

59 

61 

70 

61 

64.0 

....61 

.413 

.51P  -• 

10 

29.586 

29.545 

29.  .506 

29.546 

53 

67 

64 

55 

76 

65 

65.3 

..-.50 

.376 

.5^J 

11 

2«>.  478 

29.291 

29.195 

29.321 

57 

75 

68 

60 

78.5 

72.5 

70.3 

....68 

.426 

•  PiJ'^*^^ 

12 

29.074 

29.124 

29.205 

29. 134 

66 

68 

61 

68 

69.5 

64 

67.2 

....63 

.eis'.e^^ 

13 

29.26:? 

29.189 

29.101 

29.  184 

.56 

(i8 

60 

57 

73 

63 

64.3 

....62 

.43K.6I*  * 

14 

29. 242 

29.  425 

29. 470 

29.379 

,55.  5 

66.5 

59 

57 

70.5 

59 

62.2 

....51 

.413.59'^i 

15 

29.  .527 

29.461 

29.350 

29.446 

55 

68. 5  62 

57 

r.j 

64 

64.7 

....45 

.407 

SJfML- 

16 

29.340 

2!».213 

29.079 

29.211 

62 

71 

71 

67 

80 

73.5 

rj.5 

....62 

.489 

.6jr*^ 

17 

29.054 

28.994 

28.892 

28.980 

69 

72 

60 

73.  5 

77 

62 

7a  8 

....62 

.648 

.7I»X 

18 

29.246 

29.290 

29. 305 

29.280 

.58 

63     65 

6i> 

65 

67 

64.0 

....58 

.456 

.54^^^^ 

19 

29.413 

29.366 

29.404 

29.394 

53 

62.  5;59 

54 

70 

61 

61.7 

....50 

.38^ 

.46k^* 

20 

29.391 

29.362 

29.  .347 

29.367 

55.5  73 

67 

57 

77 

69 

67.7 

....53 

.421 

21 

29.304 

29.294 

29.211 

29.270 

64.5 

72 

65 

67 

76 

68 

70.3 

67 

.573151'^- 

22 

29.113 

29.057 

29.007 

29.059 

65.5 

70 

71.568 

74.5 

73 

71.8 

-...62 

.595.67 —  = 

23 

29.151 

29.202 

29.280 

29.211 

62 

61.5 

61 

65 

74 

62 

67.0 

....jei 

.SIK.f-      "5 

24 

29.420 

29.404 

29.374 

29.399 

49.5 

66 

57 

52 

71 

59 

60.7 

....^4 

.3il 

•  1/"^^^^^^^^ 

25 

29.366 

29.344 

29.  .361 

29.357 

60 

73 

65 

6« 

80.5 

69 

71.2 

....555.465 

.  V             -1 

26 

29.301 

29.250 

29.214 

29.255 

60 

81.5 

64.565 

H6 

66 

72.3 

....55 

.451 

\S=^I 

27 

29.  193 

29.188 

29.092 

29.158 

65w572 

62 

69 

77 

66 

7a  7 

....66 

.59  . 

m,       /li. 

28 

29.  lr>5 

29.235 

29.299 

29.233 

57 

59 

60 

62 

64 

62 

62.7 

....56     .39!»}.^'i7;< 

29 

29.420 

29.492 

29.478 

29.460 

50 

45.5 

45 

52.5 

58.5 

54 

55.0 

....  45.5.3*!.  TiSX/!i 

.30 

29.  365 

29.a<6 

29.262 

29.311 

44.5  64 

57 

47.5 

74 

60 

fia5 

....45 

m.4*i:'.^ 

31 

29.237 

29.379 

39.442 

29.353 

52 

59.4 

49 

40 

53 

54.5 
73.7 

43 

65.0 

50.2 
67.0 

•  •    M    • 

•  •    •    ■ 

41     . 

41     . 

375. 

27J.5^. 

Means .  .. 

29.311 

29.296 

29.283 

29.296 

67.9 

fi2.6! 

62.4 

JSffll'j 

4m 
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the  northern  and  northwestern  lakes  at  Ontonagon^  Michigan, 


VAPOR. 

WIND. 

.Amount  of 

cloudiness. 

(0= clear 

•sky.) 
(10  =  iiky  en- 
tirely over- 
cast.) 

Amount  of  evaporation,  in 
U.  8.  inches  and  deci- 
1      roals. 

melted 
inches 

• 

Humidity. 
Saturation  =  1,000. 

Direction. 
From  whence. 

Velocity.  In 
mllen,  per 
hour. 

s,  a 

|i 

e  k. 

Si 
BB 

£b 

1.6 
7.3 
2.7 
1.3 

ao 

7.0 
12.7 
12.7 

2.0 
35.0 
24.0 

1.6 

lao 

38.3 

20.7 

2.7 

21.0 

24.0 

4.0 

1.3 

19.0 

2.7 

5.0 

a  3 

4.6 

lao 
lao 

17.0 

lao 

ao 

:i2.3 

4  5 

23.7 
5.0 
4.0 

ao 

4.3 
4.7 
4.0 

la? 

9.3 

ao 

12.0 
7.3 
4.0 
1.7 
1.7 

lao 

9.0 
5.3 

6.0 

a3 

0.5 
7.0 

ia7 

4.7 

2.7 

2.0 

12.7 

38.3 

9.0 

5.3 

24.7: 

a  7 

• 

1 

1 

e 

& 

£     1 

• 

a 

• 

S 
d 

• 

• 

a 

• 

a 

a 

d 

■ 
• 

• 

a 

• 

a 

• 

• 

a 

• 
a% 

4 

12 

12 

4 

4 

45 
S 
4 
4 

45 
0 
2 
2 
45 
2 
12 
4 

12 

4 

2 

4 

0 

4 

2 

4 

2 

4 

4 

12 

12 

12 

• 

a 

4 

r* 

3 

1 
3 
0 
6 
4 
0 
4 
0 
7 
4 
0 
0 
3 
0 
0 
7 
7 
7 
0 
0 
0 
3 
0 
0 
0 
3 
4 
1 
5 
8 

2.6 

4 

3 
6 
5 
0 
5 
3 
0 
0 
0 
0 
6 
0 
0 
• 
4 
4 
5 
0 
0 
0 
7 
0 
0 
1 
0 
8 
0 
4 
0 

« 
2.4 

• 

S 

d 

01 

2 

2 
10 

2 

8 

6 

0 

0 

1 

8 

8 

0 

0 

8 

3 

5 

8 

7 

2 

0 

0 

0 

3 

2 

0 

0 

3 

4 

0 
10 

5 

a5 

2 
0 
4 
0 
7 
2 
4 
0 
0 
0 
0 
5 
0 
0 
0 
6 
2 
0 
0 
3 
4 
5 
0 
0 
5 
0 
4 
4 
0 
2 
3 

2.0 

• 

a 

d 

4 
3 
0 
3 
0 
8 
4 
0 
9 
•0 
0 
0 
0 
0 
1 
0 
3 
4 
0 
0 
0 
0 
2 
4 
0 
0 
0 
0 
0 
8 
8 

2.0 

0 
0 
7 
0 
3 
3 
3 
0 
0 
0 
4 
3 
0 
0 
0 
0 
4 
0 
0 
0 
0 
0 
0 
0 
0 
•0 
0 
8 
0 
5 
0 

1.1 

ill 

< 

.765 

.639 
.731 
.880 
.795 
.761 
.685 
..564 
.7.'i5 
.556 
.812 
.844 
.8416 
.767 
.521 
.636 
.624 
.455 
.588 
.729 
.776 
.689 
.600 
.758 
.751 
.685 
.804 
.784 
.780 
.824 
.864 
.720 

.822 
.S4i* 
.9.TI 
.816 
.890 
.8:11 
.778 
.752 
.735 
.81)9 
.895 
.844 
.856 
.895 
.9i>8 

'.sVe' 

.721 
.867 
.632 
.WH 
.771 
.816 
.664 
.843 

.av2 

.925 
.864 
.862 
.940 
.885 

.742 
.800 
.894 
.826 
.844 
.7^15 
.704 
.747 
.698 
.776 
.855 
.829 
.793 
.718 
.817 
.720 
.635 
.6.56 
.770 
.766 
.741 
.759 
.  78:J 
.778 
.793 
.822 
.834 
.776 
.798 
.862 
.827 

8..... 
8  .  ... 

8 

W.... 
SW... 
8  .... 
w .... 

w.... 

8 

SW... 
NW... 
Calm.. 
SE.... 
SB... 
NW... 

N 

SB.... 

S 

8 

S 

Calm.. 
W.... 

S 

N 

NE... 

8 

8 

w.... 
w.... 

8 

W.... 

N 

N 

S 

N 

SW... 

E 

W.... 
W  .... 
NW... 
SW... 
NW... 
NW... 
SB.... 
SB... 
NW... 
W.... 
SB.... 

8 

N 

NB  ... 
NE  ... 
W.... 
W.... 
NE  ... 
NE  ... 
NW. .. 
W  .... 
W.... 
8W... 
8W... 
W  . . . . 

W.... 

8 

NB  ... 

S 

8 

W.... 
8  .... 

8 

SB.... 
SW... 
Calm.. 
SW... 
SB.... 
SB.... 
NW... 
SB... 

8 

8 

8 

8 

8 

Calm.. 

S 

8 

S 

8 

8 

W.... 

a 

SB.... 
W.... 

4 

12 
4 
4 

2 
4 

25 

12 

4 

25 

60 

0 

12 

25 

25 

2 

25 

35 

12 

4 

0 

4 

4 

2 

4 

4 

35 

12 

25 

12 

60 

2 
2 
4 
4 

4 

25 
12 
25 
12 
35 
12 

4 
25 
45 
35 

4 
35 
25 

4 

4 
60 

4 
12 
25 
12 

4 

4 

35 
12 

4 
25 

8.66  W. 
South  . . . 
N.86E.. 

Wert 

8.27  W 
S.  79  W. 
8.87  W. 
8.  84  W. 
N.  73  W 
8.  45  W 
N.  45  W 
N.  70W. 
8.  45  E.. 
S.  45K.. 
N.45W 
N.34  E.. 
8.  42E.. 
South  . . . 
South  . . . 
N.40E.. 
N.48E.. 
Wert.... 
8.  56  W 
N.45E.. 
N.57B.. 
8.  6  W.. 
8.6  W.. 
Wert. . . . 
8.  59  W 
8.  14  W 
Wert.... 

.822 

.869 

.867 
.882 

.52 

.839 

.769 
.733 

.10 

.ew 

.706 
.026 

.59 

.837 

.755 

.737 

.906 
.816 

1.23 

.634 

.660 

.715 

.BM 

.729 

.807 

.776 

.920 

.852 

.811 

.793 

.683 

.  7«'8 

.20 

.78:1 

.877 



.62 

.793 

.716 

.829 

.779 

8.  37  W 

3.26 

25 
4 
4 

12 

12 

2 

4 

12 

12 

4 

12 

12 

4 

0 

2 

12 

12 

12 

2 

4 

4 

12 

25 

12 

4 

4 

4 

45 

12 

4 

45 

25 

12 

4 

12 
4 
12 
12 
25 
12 
4 

12 

12 

4 

4 

2 

25 

12 

4 

12 
2 
4 

12 

12 

4 

4 

4 

12 

25 

25 

12 

25 

25 
2 
4 
4 
4 
0 
4 
4 
4 
4 

12 

•  0 

4 

2 

4 

12 

12 
0 
4 
4 
4 

12 
4 
2 
2 
4 

25 

35 
4 
2 
4 

.eeo 

.700 
.770 
.889 
.653 

."604 
.860 
..532 
.704 
.603 
.842 
.922 
.761 
.800 
.784 
.623 
.774 
.890 

.6:vi 

.817 
.786 
.7f8 
.452 
.754 
.683 
.816 
.774 
.727 
.262 
.551 
.647 

.831 
.941 
.920 
.890 
.85) 
.931 
.901) 
.9  2 
.882 
.944 
.783 
.BXi 
.831 
1.000 
.888 
.879 
.884 
.«I3 
.882 
.  896 
.843 
.926 
.912 
.878 
.796 
.918 
.786 

.434 
.822 
.767 

.8-^4 
.862 
.872 
.776 
.812 

.aw 

.873 
.736 
.785 
.805 
.816 
.883 
.843 
.901 
.849 
.747 
.815 
.  ewj 
.817 
.873 
.8:12 
.861 
.743 
.820 
.7.53 
.822 
.793 
.776 
.508 
.716 
.782 

W.NW 

NE  ..  . 
S  .... 
s  W^ ... 
SB.... 

8 

8 

8 

NW... 

S 

s 

81V  ... 

8 

Calm.. 

8 

8 

S 

NE  ... 

8 

S 

8 

8 

W  .... 

s 

8 

8 

8 

W... 

N 

n  ..... 
NB  ... 

w.... 

NE  ... 

8 

W.... 
W.... 

s 

NE  ... 

S 

NW... 
W.... 

8 

W.-- 

8 

W  .... 
NE  ... 

8 

W  .... 
NB  ... 

8 

8 

NB  ... 
W  .... 
W.... 
W.... 
W    ... 
NE  ... 
W  .... 
W.... 
W  .... 
SW... 
NE  ... 

NW... 

8 

8 

8 

8 

Calm.. 

N 

8 

NW.. 

8 

8 

Calm.. 

S 

8 

8 

W.... 

8 

Calm.. 

8 

8 

NW... 
NW... 
W.... 
W  .... 

8 

8 

W 

w .... 

8 

W  .... 
NB  ... 

N.  67  W. 

N.  51E.. 
South  . . . 
S.  59  W. 
8.  20E.. 
Soufh  ... 
N.45B.. 
South  . . . 
N.  45W. 
8.  27  W. 
South... 
S.  67  W. 
South  . . . 
8.67  W. 
8.  17  E.. 
8.  18  W 
8.27  W 
N  45E.. 
South  . . . 
South  . . . 
North . . . 
8.81  W. 
Wert.... 
8.27  W 
8.33  W. 
N.29E.. 
8.  84  W. 
Wert.... 
N  71  W. 
8.  39  W. 
N.45E.. 

.874 

.»t6 

.786 
.774 

.10 

.877 

.858 

.835 

.7«« 
.869 

.72 

.822 

.895 
.936 



.55. 

.9«4 

.874 

.740 

.786 

.880 

.933 

.9(»5 

.867 

.869 

.8:j6 

.827 

.04 

.780 

.731 

.820 

.718 
.8» 

.12.' 

.774 

.932 

.1 

.838 

.726 

.830 

.807 

8.  65  W. 

1  65. 
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Reductions  of  the  monthly  mtteorological  rtgisttrof  the  fafreft) 


Date. 


1867. 
Sept. 


Oct. 


1 
o 

3 
4 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
31 
22 
S3 
24 
25 
26 
27 
28 
29 
30 
31 


'Meani.. 


1 
2 
3 
4 

5 
6 

7 

R 

9 

10 

11 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 


Meani... 


Barometer  reduced  to  temperature 
uf  32<^  Fiihr.,  exprewed  in  United 
StateH  iucbei)  aud  declmaln. 


29.066 
29.164 
29.406 
29.371 
29.415 
29.773 
29. 2:10 
29.349 

28.  570 
28.753 
29.313 
2t.  52U 
29.464 
29.297 
29  301 
29.259 
29.198 
29.044 
29.296 

29.  075 
29.362 
29.645 
29.701 
29.643 
29.657 
29.673 
29.641 
29.  643 
29.464 
29.413 
29.496 


29. 361 


• 

a 

• 

2  p.m. 

29.298 
29.118 
29.006 
•29.  217 

.».  7!*1 

29.319 
29.  635 
29.265 
29.345 
29.506 
29.  121 
29.204 
29.3:15 
29.  177 
29.210 
29.  It73 
29.286 
29.  619 
29.337 
2S».  279 
29. 505 
29.548 
2r».640 
29.310 
29.688 
29.  620 
29. 270 
29.099 
29.613 
29. 521 

29.402 

29.  ( 80 

29. 170 

29.121 

28.991 

29.431 

29.504 

29.129 

29.436 

29.333 

29.033 

29.  170 

29.  421 

29.394 

29.087 

29.177 

29.387 

29.615 

29.204 

29.  543 

29.  .526 

QiK  579 

29. 502 

29.  aw 

29.  720 
29.  4:13 
29.2.59 
29.  131 
29. 6.59 
29.2:10 

29.332 

29.333 

28.  9a3 
29.308 
29.393 
29.000 
2!*.  4.36 
29.741 
29. 59i» 
29.115 
28.568 
29.017 
29. 374 
29.499 
29.364 
29.265 

29.  irj 
29.301 
28.980 
29.028 
29.  \m 
29.022 
29. 452 
29.635 
29.609 
29.612 
29.577 
29.610 
29.551 
29. 635 
29.416 
29.362 
29.335 


29.327 


a 

a 


29.308 
29.093 
29.229 
29.045 
29.  151 
29.597 
29.382 
29.213 
29.489 
29.294 
29.041 
29.  177 
29.504 
29.302 
29.003 
29.286 
29.473 
29.5iK) 
29.317 
29.590 
29. 403 
29.631 
21>.  402 
29  406 
29.683 
29. 362 
29.263 
29.362 
29.605 
29.174 


29.346 


29.094 

29.361 

29.389 

29.256 

29.679 

29.  732 

29.  474 

29.050 

28.620 

2!).  069 

29.463 

29.497 

29.341 

29.268 

29. 208 

29.318 

29.065 

29.169 

29.252 

29.143 

29.52:J 

29.675 

29.604 

29.630 

2t).  595 

29.606 

2i».  558 

29.655 

29.475 

29.429 

29.047 


99.363 


§ 


29.ai6 
29.097 
29.135 
29.128 

28.  978 

29.  449 
29.507 
29. 202 
29.423 
29.  :i78 
29.065 
29.184 
29. 420 
29. 291 
29.  100 
29.  179 
29.382 
29.6(f8 
29.286 
29.471 
29.478 
29.586 
29.  515 
29.351 
29.697 
29.472 
29.264 
29.  197 
29.  62rt 
29.308 


TEMPERATURE— FAHRENHEIT. 


29.337 


29.046 
29.278 
29.396 
29.209 
29.  510 
29.749 
29.431 
29.  171 
28.593 

28.  946 
29.383 

29.  5)5 
29.390 
29.277 
29.227 
29.293 
29.081 
29.060 
29. 2:19 
29.080 
29.446 
29.652 
29.618 
29.628 
29.610 
29.63li 

29.  sm 

29.644 
29.453 
29.401 
29.293 


29.350 


VAPOR. 


Wet  bulb,  or 

point  of 
evaporation. 


a 


a 


53  '.'.7 

47  |57 

46  i55 

47  175 
65. 5  54 
45  50. 
43  ]64 

53  57 
44.  5^48. 
46.5  61. 
52  l6l. 

54  5:1, 

50  .W 

51  i56 
56  |65 
71  74 
73  155 
50.  5L'>6 

55  165 

52  58 
49  59. 

56  56. 

51  68 
59  j64. 
45  48 
37  60 

52  63 

53  59 
40  45 
32  48. 


46 

46 

47 

61 

47 

42 

,54 

154 

544. 

550 

565 

5  51 

37 

5.3. 


Dry  bulb,  or  tem- 
perature of  the 
open  air. 


tf 
t- 


55 
49 
.50 

'4f) 
70 
47 
46 


a 

a 

C4 


!63 
59 
58 
77 
55. 


a 

9-. 


:i 


54. 5!:)8. 

547    LVI 
.48. 5  6.J. 
154.569 
55.  5  56 


as 
74 
.54 
49 
53. 
49 
55 

5  48. 

|60 

556 

tn 

47 
62 
51 
28. 
5  48 


52 
55.3 

57 

74. 
76 
.V2 


.>9. 
159 
|67 
581 
.56 
62 
62 
j.54. 5  62 
151  i6;i. 
5  58.5,58 
53  68. 
64.5  67 
47  151 
37. 5  62 
53. 
54 
5  42 
i33 


5  67 

|64 
47 

52 


48 
49 

|4a 

!64. 
548. 
5  43 

160 
51.55 

153.5 
5.53 

67.5 

53 
5.38.5 

156 

169.5 

77.5 

|f5 

51 

54 

52 
558 

50. 
565 

57. 

40 

51. 

65 

55 

jso 

i50 


51. 0  56.  9  51. 3  53. 2  61. 9  54.  I 


48 

48 

41. 

28 

44 

40 

44 

6' 

46 

45 

43 


56 

48 

45. 

I54 

!40 

48. 

58 

62 

|44. 

i46 

45 


42.546. 
32     51 
46.  5  51 
32.5  65 


49 

40 

47 

36 

60 

41 

41 

31 

37. 

34 

35 

33 


50 

J6I. 
i«>8 
'58. 


;69. 

40 

550 
|.52 
50 
4) 
38.5  51 
4j  49 
40.5  41 
30     ,48. 


48 

.^J 

528. 
45 
41 
43 
50 
55 
45. 
45 
46. 
33 
41 
41 
.55 
47 
rA. 
150. 

5;. 56. 

5  59 
41 
30 
42. 
33 
36 
33. 
39 
48 
38 
37 

5138 


.'12 

543 

29 
45 

;40 

45 
63 


.58. 
50 

48 
,56 

42 
52. 
61 

71 


5  47. 5  46 


46 
5,45 
45 
,33 
49. 
:14 
52 
541 
5  51 
5  37 


47 
48 
5J 
59 
5  56 

1^ 
69. 

64 

66 


[66.574. 

45  45 

47.544. 

5  31.559. 

41   54 

37  57. 

37  5:1 

34  .41. 

4a  5  53 

10  44 


31 


r" 
149 


5  50 

37 

.30 

146 

43 
5  45 

51 

57 

47 

47 

48 

34 

43 

4^5 

60 

51 

57.5 

53 

58 
561 

46.3 
5  31 
5  45 

35 

38 

35 
5  4a  5 

50 

40 

38 

40 


5.5.3 
52.3 
52.2 
63.5 
58.0 
49.5 
.59.7 
56.2 
51.3 
55.7 
63.7 
54.8 
50.0 
56.0 
64.5 
77.7 
62.3 
5.5.0 
57.3 
56.2 
57.5 
55.7 
62,2 
63.0 
46.0 
50.3 
61.8 
57.7 
39.7 
45.0 


53.5 
45.7 
40.4 
4.x  7 
4.3.3 
45.8 
52.3 
63.7 
46.8 
46.7 
47.0 
4.3.0 
45.0 
49.7 
54.3 
52. 7 
56.0 
56.0 
57.0 
67.3 
45.5 
41.0 
45.3 
43.3 
44.2 
41.7 
38.7 
47.8 
41.3 
40.7 
40.0 


41. 1  50.  7j43. 2  4a  254.  4  43. 81  47. 6 


a 

s 

a 


a 
a 


4  ;  B 


ClafTtieitj.in 
inchiTii  wkI 


r  s. 

drd- 


a 


33 
44 

46 

42 

48 

40 

60 

53 

46 

46 

61 

52 

38. 

51 

57 

67 

M 

|47 

49 

50 

45. 

50 

!48 

56 

3r* 

35 

!46 

44 

.30 

27 


ot 


a  iS 


1.376 

297 
258 
297 

.568' 

.2r3 
.2:38 

.d6i 

.355 
.398 
.3:M, 

.43K 
i.7ll 
.771 
j.  347 

[355 


5 .  :i2l 


416 

348 

.427' 

.  2TJ . 

.214. 

389;. 

1.221. 
!.  168 . 


386.*4.3J? 
,439.271-336^ 

39.3.aia.3lf 

841. 4^0. M3 
,398.300.4il 

2K2.2.^4.JSi 
.476.3>.Ki 
.44^. 3*.'^ 

,499i.3;fl.W 
446.o84.4'iJ 
377.34p.J:4 
.il5.20Li)r 
.409. 377.37-^1 
091. 665. 364 
745|.  ?«.:«» 

420.404.53* 

369.33l.J4ff 
...4  3.4« 
429. 308. 3N 

4rj6.:jy3.>« 

437.J15.3?» 
678.4.M.«a 
.')7J.42»,4T^ 

49r.»<.3ia 

433^321.» 

273,.l*.«ii 

29.V.W»^^ 


56.4  i....27    1.362. 443. »e.>^ 


,282.416^  aj^.-Xas 

3lW.3Uy|-l^.. -^fS 


.47.0 

.37.01 , 

.29     !.242,.27*ja6^-,^*\i 
.25.5- 14^-391' •i^'i^^.fA 
40       97.4  221  ,*23l.v.-^>; 

.34 


41 
48 

44  5 
44.5 


w 


_^ ^V.'LV*- 

!245.'288-^fcS*\.f. 
.a7.i44.»-  ^^^v> 
.4781.435—   -^-^^    ., 

286,.  291^  '^ 

142.5.251 
33     .239.27 
27.5.168^. 


'_  '.-^ 


i 
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the  northern  and  northwestern  lakes  at  Ontonagon,  Michigan, 


%'ArOR. 

WIND. 

Amount  of 

cloudincMK. 
((h=cleHr 

tion.  in 
d  deci- 

«B   SB 

Humidity. 
6aturtttiou-.1.000. 

Direction. 
From  whence. 

Velocity,  in 
mileM,  per 
hour. 

0  — 

ij' 

'c's 

»  — 

1            B 

t 

•3 

1 

1 

»ky.) 

(IO=:«kv  en- 
tirely over- 
catit) 

gi   ''o<£ 

*•  «         -  a 
-?  S     "g  5  - 

B 

« 

a 

1    a   '    s 

(^   ;    a. 

• 

i 

• 

8 

■ 

s 

• 

0. 

• 

s 

• 

a 

• 

5 

4 

a  1  a 

a.  :   a 

•  a 

• 

a 
0 

5     -i  5§-o 

-  ^-  5  -  S  a 

is^^sia  sa 
<       < 

.869 

.670 
.878 
.816 
.907 

.yo2 

i 

.850 

.781 
.888 
.8C8 
.888 

.796 

8 

^E.  • .  • 

8 

W 

8 

W 

W 

o»  •  •  •  * 

8 

W 

W 

W 

NE.... 
NE...- 

1  8 

S 

S 

W 

8 

SW... 

W 

s 

NE.... 
NE.... 

W 

NE.... 

N 

N 

W..... 
NE... . 
8 

S 

S 

s 

8. .... . 

s  w . . . 

s 

s 

W.NW 

W 

8 

S 

S 

NE.... 

8 

S 

S 

8 

8 

W 

8 

S 

8 

S 

NW... 
NE... 

8 

8 

NE.... 

8 

s. ...   . 

4     '  4       2.0 

S.28E. 

0 
3 
7 
0 
8 
0 
0 
8 
4 
0 
0 
4 
4 

« 
7 
6 
8 
0 
0 
0 
5 
0 
0 
0 
7 
0 
4 
2 
7 
0 

2.8 
4 

0 
6 

0 
4 
0 
2 

0 
8 
0 
2 
0 
0 
3 

.B3A 

.8.37  ;  S 

6.6!  6       6.8   6.5I  South.. 

.716 
.853 
.774 

.807 
.856 
.855 

W 

S 

8 

9 

6.2 
12. 6 

6 

4 
31 
12.6 

3 

4 

13.  2   2     1  7. 7i  S  85  W. 

4  !  3. 5   4.6   South.. 
2.11  4.2j  5.3    S.20W. 

10       4     1  5.  7    8.  76  W. 

5  6     1  .'1. 0    South  . . 

\G 

1       .10 

.847 
.767 

.533  1  .916 
,568  1  .853 

.765  :  W 

.736  1  8...!.. 

1       .20 

.9t»l 
.8it9 
.fcol 
.836 

.9.<7 

.643 

.784 

,  .629 

.yo2 

.452 
.798 

.8»;8 

.9<U 
.6.15 
.811 
.778 
.869 
.728 
.841 

8W... 
W 

8 

S 

NE... 
NE.... 
8 

6      16.5  14.3 
9.9  10.5  11.0 
3     35     1  2.3 
3.  5i  4     1  3.  0 

N.  60  W. 

Went.. 
S.25W, 
'  S.  23  W. 

8       7 
2       0 
2       0 

0       0 

l-fl2 

;      .99 

.902 

. 840  '  . 864 
. 463  1    8d0 
.819  1   .t,4u 
.813  ,  .i*22 

5       2     13       1.  7l  .\.  68  E 
4       5       2       .3.  3!  N.  45  E 
3^3       4.  2'  South  . . 
3     1  .3.  5   6.  5   4.  3    .South  . . 

4       3 

0       0 
4       0 

8     1  6 

1 

.861 

|,... ..... 

.8<t4 

:::;:; 

.936 

:  .917  i  S 

.834 

.860 

.704 
.9:15 
.665 

**772 
.778 

1  .840 
.9.34 
.859 
.966 
.794 
.816 

<  .79:1 
.910 
.8117 
.956 
.801 
.818 

S 

S 

NE.... 

8 

W 

8 

6.5  7       4 
4       4.8   2 
4.8   2     !  2 

5.6  4.5   7 
7.2   95   2 
4.2   4.8    2 
4.21  7       2 

6.  5    South  . . 

2.7    S..37W. 

l,3i  S.8UE. 
18.  0;  8.46W. 

5.7    S.83W. 

.a  7   Sonth  . . 

1.0   N.  13E. 
13.0;  N  54  E 

4.3    S.  78W. 

6.31  N,  45E 

0,3!  South.. 

2.  (>'  South  . . 

1,3   N.22E 

XO   N.  54E 

6 
7 
0 

7 

6 
0 
0 
0 

.60 

.896 
.933 

1      .30 

.836 

0     i  0 
3       2 

1      .22 

t 

.847 

.  9Ui     .857 
.973  1  .731 

.870     W 

.8.56  ;  8 

.825  i  S 

.790  1  NE.... 

.842  i  S 

.842     S 

.8.)1     S 

.837     NE... 
.  836      S.  • • . .  • 

3 

0 

0 

0 

0 

2 

0 
'■y 

2 

0 
0 
0 
0 
0 
I 
0 
0 
0 

.864 

4 

7.* 

1.0 

3 

4 

2.2 

4.5   5.4 
7.5   6.4 
6.5  2 
4.5   2.5 
2     !  4 
4.5    8 

.703 
.847 
.95(2 

.867 
.7i»0 

.ir84 

.906 
.732 
.689 

••■«•        •«•••• 

.899 

.  790     .  836 
.727     .743 
.847  1  .836 
.7ti0     .85<> 

.933 

.8iW 

7.2    4     I  2 

.8i»3 

6.412       2       6.8    South.. 

,      1                 t 

t 

1 

2.5    1  3 

.854 

.  782  1  .  829 

.824  \ 

5.2 

2 

4 

5 

2 
0 

7 

5.5 

9 

9 

5 

3 

3 

4 

2 

2 

3 

.3 

2 

3 

7 

6 

3 

3 

!-^' 

S,  33  W. 



'  3. 59 

.727 

.847 
.856 
.813 
.872 
.829 

.7:<o 

.825 
.576 

.856 
.807 
.836 
.921 
.83.3 
.840 
.inj9 

.874 

.810 

SE.... 

NE  . . 

NW... 

NW... 

S 

8. .... . 

S 

N. ..... 

s 

NW... 

N 

NE.. . . 
NE.... 

NE.... 
SE.... 

S 

S 

S 

s 

s 

8 

NW... 

NE... 

NE.... 

K 

Calm.. 
Culup. . 

8  l!i  .  .  .  . 

NW... 

SW... 

E 

E 

Cnlm.. 

W 

SE.... 

E 

W 

E 

6.5    1.2 

3  3 

N.  79  E 

0 

.856 

.840  ,  NE.... 
.841  i  SVV... 
.893     SB.... 

.861   i  S 

.857     S 

.81U      S 

.760     S 

5. 4   2     1   1.3   N.  16W. 

5     1 

...... 

.874 

4.5   3,8   2.3 
2     1  4.5   3.7 

2     '2     1  2.0 

s.  :-^  w. 

S.  18  E 
S4inth  . . 

4 

3 
4 
5 
4 
0 
8 
9 
7 
0 
0 

u          1      _ 

0       0 

3  10 

4  0 

.8e7 

.920 

1 

QUO 

^.  6   3.  2  3.  6'  South  . . 
8.2  10     1  5.4    South.. 
1.2   2     I  2.9    South  .. 

3       2 

! 

920 

2       5 

831 

2 

8 
9 
9 
0 

1 

.886 
.921 
.840 
.80  J 

.  882     .  8e4 
.  92:j  i  .  847 
.777  :  .887 
.  7.10     .  895 
.  537  I  .  833 
.687      .794 
.  796     .  708 

.884 
.897 
.a35 
.815 
.7.54 
.755 
.782 
.7:J2 

NW... 

NE.... 
NE.... 
NE.... 
E 

9 
8 
4 
2 

9     a  7 
7     5,3 
5   1  3. 0 
3    1  2.3 

N.45W. 
N.25E 
N,45E 
N.  60E. 

9 
9 
2 
0 

1       .96 

1      .92 

1      .25 

.893 

'  0 

1. 0    EiiMt  . . 

....     1 
0        0 

0     \  0 

.783 

NW.. 

NW... 

NW... 

NW.. 
SE.... 
NW... 
E  .  •   .  • 

W 

NE.... 

E 

W 

W 

W 

W 

NE.... 
NE.... 

E 

NE.... 

^  b*  •  •  - 

*j»  •  •  •  •  • 

8 

3        0     1  2.3    N.45W.:  0 

.843 

2       4 
2       2 

1.  3    S.  45  K  .    0 

.7y4 

.681 
.610 
.675 
.612 

.722 

.814 
.830 
.916 

2,(>    N.45W. 
1.3    S.52E 
0.7    S.  HE 

0       6       6 
2       0       0 

0  1  0       0 

1  1  8       0 

.912 

.779      E 

.742     SE 

3 
4 

4 
6 

4 
2 
3 
0 

.722 

.9113 

.84)7 
.770 
.651 
.686 
.781 
.743 
.730 
.817 
.877 
.847 
.832  ' 

SE.... 

E 

NW... 

W 

E 

E 

E  !!*.!*. 

e 

s 

NE 

2.7 
3.0 

N.  80E 
Etutt  . . 

.663 

.766     -882  1 

0       8       9 

.6t'4 
.523 

.684 
.641 
.595 
.7.38 
.666 
.798 
.869 
.864 
.677 
.914 
.962 

.585 
.893 
.800 
.797 
.811 
.847 
.  866 
.856 
.820 
.905 
.820 

7     1  J 
6    1  2 

3  1  4 

4  2 
3    I  2 

2  1  3 

3  i  3 
3     ;  0 
1.0    5 

6.0   N.69W. 
3.7    8.82W. 
1.3    EnHt  ... 
1.0    We»t... 
1.7    N.  65  E 

i 
6 

2 

1 
0 

•  •  *  • 

0 
0 
0 
4 
7 

4        3 

I        0 
0     '  0 

!      .20 

.948 

.695 

0 
0 
0 

0 
0 
0 

.     1 

.7i2 

.8f)7 

E 

E 

Calm . . 
NE.... 

B.'.V... 

2 

2 

2 

.3.5 

2 
0 

2.3 
2.7 
0.7 
3.0 
1.3 
3,7 

N.78E 
Etut  .. 
N.  81  E 
N.  45  E 
S.21  W. 
South  , . 

\ 

.895  1 

0    1  0 

.822  1 
1.000 

3 
2 
5 

0 

\ 

.871 

.897     SW... 
.892     8 

2 
4 

•  •  •  • 

5 

3 

.893 

0   {3    ;4 

1.4    2.8   2.3 

.836 

.757     -835  1 

.809 

1 
1 

0.4 

8.  68E 

2-33 

1 

""V"'! 

1 

1 
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Reduction  of  the  monthly  meteorological  register  of  the  simji  if 


Date. 


Barometer  reduced  to  temperature 
of  32°  Fuhr..  expreMed  iu  United 
State*  iuches  and  decimals. 


TEMPERATURE— FAHRVNHEIT. 


Vapor. 


t 


S 

e 


1867. 

Nov.       I 

2 

:) 

4 

5 

6 

7 

8 

9 

10 

U 

12 

13 

14 

l.T 

If) 

17 

18 

19 

20 

21 

23 
24 

2.1 
2fi 
27 
28 
29 
30 


Means....    29.239 


28.792 
2J.  124 
28.998 
29.  3(M 
29.  443 
29.  5"i9 
28  889 

28  4fil 
28.483 
29.077 
29.086 
29. 6«i7 
29.  37.1 
29.358 
2'.».  4<K) 
29. 59.'S 
29.  .>9 
29.  5:9 
29.  5«io 

248 
131 
121 
2;».  Uh 
29. 103 
2<».  437 
29.472 
29.316 

29  418 
29.320 
29.344 


29. 

a). 

29. 


Dec. 


1 
o 


5 


6 
7 
8 
9 
10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
2.5 
26 
27 
28 
29 
30 
31 


Means .. , 


29. 14.*: 
29.  184 
29.  4.'W 
2i».  221 
29.174 

28.  ;I2<J 

29.  .394 
29.  ^5 
29.396 
29.361 
29.  4.'59 
29.561 
29.374 
29.380 
29.  247 
29.  135 
29.202 
29.715 
29.601 
29.274 
29.  4*>9 
28.817 
29.415 
29.119 

28.  575 

29.  283 
28.812 
2i».  407 
29.761 
29.  870 
29.436 


29.295 


a 

a, 

CI 


28L797 
29.  129 
23. 922 
29. 322 
29.5ii3 
29.  439 
28.746 
28.556 

28.  65-2 
2i).  125 
29.508 
2i»  420 
'^9.  108 

29.  43^ 
i9.  421 
29.  447 
29.  497 

29.  roa 

29.387 
29.360 
29.  014 
29. 101 
29.063 
29. 2.V* 
29.428 
29.  4:J3 
2y  2J)5 
29.  3ryi 
29.315 
29.426 


29. 232 


29.1?0 

29.  292 
29.411 
29.116 
29.033 
28.744 
29.  421 
29.  58.") 
29.215 

29.  514 
29.  523 
29.  3  )6 
29. 359 
29.  210 
29.048 
29.377 
29.  rJ8 
29.397 
29.  5!»2 
29.267 

28.  993 
29.371 
29.114 
28.655 

29.  135 
29.054 
29.371 
29.  7J5 
29.  782 
29.234 


S 
a 
a* 


28.902 
2!*.  174 
28  997 
29.  324 
29.527 
29.214 
28. 795 
29.  .'>80 
28.874 
29.  180 
29.617 
2;».  429 
29. 14C 
29.  524 
29.  181 
29.351 
211.  544 
29. 5.')0 
29.230 
25).  322 
2  >.  045 
29.  148 
29.059 
29.399 
29. 42;J 
29.479 
29.366 
29.331 
29.293 
29.302 


28.831 
29.  142 

28.  972 
29.317 
29.491 
29.40t 
28.^^10 
28.866 
28.670 

29.  127 
29.437 
29.  5«»5 
29  209 
29.440 
29.334 
29.464 
29.477 
29.528 
29.374 
29.  310 
29.063 
29.  12» 
29.(»87 
29.251 
29.429 
2.).  461 
2!i.  .326 
29.371 
29.309 
29.387 


Wet  bulb,  or 

point  of 
evaporation. 


E 


:j8 

41 
31 
31. 

21) 
34 
40 
40 
,31. 
129 
24 


Dry  bulb,  or  tern- 
peraturo  of  the 
open  air. 


E 


B 


50 
44 

32. 
34 

538 
1.33 

|54 
54. 

V 
5  30. 

131 

38 

45 


134  ,35. 
i27  :J8 
rid.  5  21* 

32  29 
22.541 
16     26 

i27  35. 
31.5  35 

33  44. 


3) 
41 
3i) 
28 
31 


,49. 
34 

;3i 

35 
132 


\29. 526 
9.5  6. 

4..'>   6 


49 

.39 

5.30 

3a 

28 
36 
57 

538 
31 

531 
27 
40 
138 

529 

:n 

32 

2:1. 

16 
26 

5.30 
30 

53a 

539 
31 
28 
25 
29. 
21 

0   4. 
3 


51. 

41 

42 

31 

12 


5. 52 

46 

34 

34. 

3d 

120.534 

35     57 

42     56 

41  42 
33  33 
29.  5  32 
24.5  40 
22.549 
:»6  37 
28. 5  44 
3)  32 
31.532 
23  42 
16.528. 
'28  36. 
32.537 

5:14.550 
31,5  55 

42  35 
31     :« 


E 
a 


a 


29.377     29.249  29.  4  33.  330. 7 


28 
32 
30 
10 
5 


39. 
33 
26 

6. 

6 


50 

40 

|31 
5 .12. 5 

J28 

36.5 

158 

:« 

1.3:1. 5 

:i2 

|3l 

41 

39.5 

31 

39 

:i5.5' 

24 

16 
526 
531 

30.5 

42 

41 

32 

29 
526 

30 

21.5 
5 
3 


u 


51.2 
43.3 
35.7 
32.7 
;12.7 
.30.3 
50.0 
45.3 
38.  8 
.32.7 
30  8 
35.2 
37.0 
34.7 
37.2 
32.5 
29.8 
27.0 
23.7 
31.8 
33.3 
42.2 
42.5 
36.  3 
30.7 
31.2 
31.7 
25.8 
7.2 
4.7 


29.080 
29.  342 
29.356 
29.  112 
28.781 

28.  7«)5 
2!».  443 
'2*1  568 
29.318 
29.303 
29.555 

29.  493 
29.  381 
29.  .360 
29.  172 
29.066 
29.  565 
29.  776 
29.224 
29.550 
2«J.  023 
29.  .33 1 
29.  101 
29.306 
28.809 

28.  81»6 

29.  164  ; 
29.406  I 
29.  7.^5 
29.640 
29.016 


29.115 
I  29.273 
29.424 
'  29. 15<i 
28.1>96 
28.62a 
29.418 
29.5<i9 
29-310 
29.  .332 
29. 509 
29.  .526 
29.a54 
29.366 
29.210 
29.083 
29.381 
29.743 
29.  407 
29.409 
29.263 
2J>.  047 
29.296 
29  180 
2a  680 
29.  105 
29.010 
2I».395 
29.  744 
29  764 
29.229 


I 

15  '18. 
20.522. 
19  ]  9. 
12  18 
12.517 


22 
3 
4 

11. 
12 

18 
II 
10 


,21. 

13. 
,21. 

|I8 
21 
20 
22 


11.518 
121.5  19 
,15     24 

!l6      12 
i  8.5  12 


6 

18. 
8 

29 

^ 

24 

31 

7 

'25 


14 
5  1.5. 

iI4. 
114. 
15 
24. 
33. 
,13 
19 


10.5  12 
9  10. 
9.5  20 

10.5  24. 


514 

520 

5   9 

15 

16 

511 

6 

511 

5  8. 

1 15 

'  9 

12 
19 
lif 
24 

I  9 
i  3 

20 
5  15 
5  14 
5  19 

13 
525 
5  -29.  i 
,18.1 

i* 
13 

5  12 


30. 5  :n.  3  31. 8  33.2 


15.520     15 
22     24     21.5 
20     10     10 
12.5  19     17.5 
14      19      17.5 
23.522.5  12.5 


4 
4. 

12 
14 

20. 


1  8, 

514 

23 

20 

522 


11.521 


10. 

12 

'22 

16 

18 

9 

7 

20 

9 

30. 
10 


5 


29. 290  !  29. 271>  1  29.  288 


14.3  17.7  14.3 


5  7 

fl 

16. 
10 

.5' 14 

514 
20.  5 
20.5 
27 

511 

I  3 

122 

16.516 
15 
20 
14 
26 
30 
20 


525. 
20 
21 
25 
14. 
13 
15 


16 
5  15 
16 
•25. 5-26 
32  134 
7  Il4 
25.519.514. 
11.513     14 

10  {II      12. 
10.522    I  1. 

11  27    !l9 


16.8 

22.5 

13w3 

16.0 

16.8 

19.5 

06.5 

10.3 

14.7 

16.8 

17.5 

15. 

16. 

17. 

21 

22. 

14. 

08. 

14. 

17. 

las 

21.8 
13.3 
25.8 
32.0 

la? 

19.8 
12.8 
11.2 
11.3 
19.0 


t 

7 
5 
2 

7 
5 
3 

7 
5 


Elaetielty.lnU.S. 
inches  and  dcd- 


£  I  e 


ce 


•-  —     .     -       0 


a 


40 
28 
30 
28 

22: 5! 
18 
34 
35 
32 
29 
28 
24.5! 
27 
28 
26 
26 
24 
15 
!l6 
24 
27 
30 
30 
30.5 
28 
'24 
25 
21 

!  2.0 
-4.0 


...16 

....i  9 

...-!  9.5 

...u 

...II 

...-2 

.  . .;  7 
...    6 

--.;  2L5 

...12 

as 

8 
16 
...14 

9 

2 
...U5.5 
...14 
..J  0 

..  !  7 
..J12 
...» 

...  5 
..12 

..J.  7 
..  5 
..    0 


368.334 

190;.  3fe 

244 .  162 

174 .  189 

168 .  229 

1U2.  175 

183 .  378 

221.385 

215. 244 

157.141 

154 . 162 

12:i.  203 

095 .  247 

170.  lft< 

1.30.  151 

104.126 

162.128 

115.244 

084.112 

,  l:J6. 195 

, 162 .  178 

169.221 

150. 276 

.  15i».28l 

244'  183 

I&3. 145 

162 .  168 

.157.141' 

,061.151 

.  047 .  057 


.155.1«T 
.171 1:9 
.1531 1» 
.2.5.1«l| 
.452, 3» 

.  145. 3«! 

.  m.  ijs 

.  101 . 1» 
.SK.IJT 

.  137,  m 

.194.13? 

.136!.  1«! 
.iaj!.138 

.m.m 

.14^112 

.i5.>.ie 
.  161 .  w:, 

.li'7.1» 
.2l2-2i3i 
.ei2LS14i 

.1231.14* 
.157.  IK 
.107.1351 
.(MT.ttS 
.U9>.0« 


0^.150.305.172.1^ 


15.219     15.6    16.6 


5.O8O.O83.O7I.05 

093.ia3.»l.t^ 
092.06lK(»4.<P 
069.l*7.(B7;.(ng 

ow.oii.ori.tw 

1OI.IO4.0H.0* 
.008. 057.  (Mfi.  047 

.O46.U74.06l«<» 

.067.098.0»-«^* 

.06-2|.tf76.0e*.(l» 

070.  1 01. OH. 0^ 

Oe6.091.058.fl70 

.O62.OT8l.0a.(!« 

.O67;.O7«.08«f.<P» 

l09l.Ca>.  085.5 

.074.1l7.fl»S.»5! 
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the  northern  and  northwestern  lakes  at  Ontonagony  Michigan, 


VAPOR. 

^\^ND. 

Amonnt  of 
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29.  498 

29.460 

8 

23 

14 

a  5 

25 

15 

16,2 

29.5 

«  3 

.0571 

.  lOtL 

071.  ff^ 
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the  northern  and  nort/ADtitern  lakes  at  Marquette,  Michigan, 


VAPOR. 


Hamidlty. 
SaturaUon  =  1,000. 


WIND. 


a 

a 

CI 


1.000 
.867 

.8j?8 
.940 
,857 
.807 
.831 
.816 
.898 
.877 
.816 
.8y3 
.761 
.810 
.777 
.859 
.823 
.8K2 
.716 
.816 
.901 
.804 
.904 
.855 
.823 
.829 
.784 
1.000 
1.0O0 
.834 


.886 
.721 

.rw 

.888 
.8b3 
.697 
.776 
.815 

.rjo 

.819 
.823 
.641 
.783 
.852 
.852 
.787 
.840 
.765 
.725 
.635 
.917 
.8:)! 
.790 
.870 
.883 
.907 
i  .918 
I  .784 
1.000 
.797 
.829 


.851     .812 


.926 
.K>5 
.812 
.803 
.940 
.671 
.826 
.883 

1.000 
.»J3 
.791 

-.847 
.834 
.823 
.750 
.893 
.794 
.8(J0 
.769 
.890 
.904 
.862 

1.000 
.847 
.784 
.886 
.819 
.782 


862 
i  .894 
.700 
1.000 
.653 
.689 
.741 

.birr 

.695 
.610 
.658 
.807 
1. 000 
.780 
.716 
.824 
.936 
.748 
.761 
.746 
.904 
.648 
.8:14 
.748 
.6.22 
.685 
.609 
.761 


.843 


.767 


S 


.740 
.874 
.800 
.887 
.905 
.701 
.845 
.707 
.797 
.HA) 
.813 
.730 
.840 
.823 
.862 
.487 
.752 
.872 
.797 
.826 
.823 
.^S 
.831 
.926 
.876 

.r2i 

.800 
.707 
1. 000 
.816 
.876 


.810 


.917 

.8:^4 
.943 
.927 
.675 
.794 
.777 
1. 000 
.784 
.671 
.900 
.927 
.748 
.883 
.6:» 
.797 
.784 
.773 
.823 

.rju 

.8.14 
.244 
.877 
.702 
.783 
.712 
.290 


.796 


a 
cs 


.876 
.821 
.809 
.888 
.909 
.  752 
.809 
.784 
.781 
.826 
.aT8 
.729 
.815 
.812 
.841 
.684 
.817 
.823 
.801 
.7J6 
.85-2 
.877 
.808 
.900 
.871 
.817 
.846 
.758 
I.  (XX) 
.871 
.813 


.824 


.902 
.893 
.782 
.914 
.840 
.678 
.787 
.832 
.8*18 
.732 
.707 
.851 
.920 
.784 
.783 
.785 
.842 
.777 
.768 
.820 
.846 
.781 
.693 
.824 
.703 
.785 
.713 
.811 


.802 


Direction. 
From  whence. 


S 

d 


N.... 
SE  .. 
Calm . 
W-... 
Calm. 
N.... 
W.... 
s  .... 
NW.. 
NW.. 
NW.. 
NW.. 
NE... 

S 

S 

W... 
NW.. 
NW.. 
NW.. 
NW.. 
N.... 
W.... 
NW-. 
N.... 
Calm. 
NW.. 
NW.. 
W.... 
N.... 
8E... 
S  .... 


NW.. 

Calm. 
NW.. 
Calm. 
W.... 
NW.. 

8 

NW.. 
N.... 
Calm . 
SW.. 
SR... 
NW.. 
NW.. 
Calm. 
S 

w.... 
w.... 

N..., 
('iilm. 
NW.. 
NW.. 
Calm. 
W.... 
nE . . . 
W.... 
Calm. 
W... 


s 

c< 


NE... 
SE..-. 
S  K . . . . 

W 

NW... 

N... 

SE.-.. 

NW... 

NW... 

W 

W 

Ctilm . . 

E 

E 

Ob  .  .  .  . 

W 

N 

NE.... 
Calm-- 
NW..- 
NW... 

W 

Calm.. 
Calm.. 

E 

NW... 

N 

W 

NW... 
Sci.  - . . 
S  ■ . .  -  - . 


s 


E.... 
Calm . 
W.... 
E  .... 
Calm. 
N  ..-. 
' SE.  • . 
NW.. 
NW.  . 
NW.. 
NW.. 
8E... 
Calm. 
Calm. 
SE... 
W.... 
NW.. 
NW  . 
N.-.. 
NW.. 
NW.. 
W.... 
Calm. 
Calm. 
NW.. 
NW.. 
W  ... 
w ... 
Calm. 
SE.-. 
Calm. 


W..., 
B... 

NW.. 
E... 
W..., 

i^  •  •  •  •  « 

SB... 

NW.. 

NW., 

8  .... 

NE  . 

S  . . . . 

NW. 

N..., 

SE.. 

SW. 

NE.. 

NW. 

E... 

E..-, 

NW. 

SB . . 

NW. , 

SE .  • . 

8 

W.... 
8E... 
W.... 


E 

Calm.. 

E 

Calm.. 
W 

SE..-. 
NW.-. 
NW... 

S 

N 

Calm.. 

NW... 

Calm. 

SE... 

SW.. 

Calm. 

NW.. 

Calm. 

NW... 

NW... 

SB  ... 

NW... 

SE .  • . . 

Calm.. 

SB.... 

Calm.. 

W 


Velocity,  in 
miii'tt,  por 
hoar. 


a 


4 

12 
0 

12 
0 

12 
4 
2 

12 

12 

12 
4 
4 
2 
2 
2 

12 
2 
3 
4 

25 

12 
t) 

2 

0 

45 

12 

2 

12 

4 

4 


4 
0 
2 
0 
2 
4 

35 

25 

25 
0 

12 
4 
4 

25 
0 

45 
4 
4 
4 
0 

12 
4 
0 
2 
4 
4 
0 
4 


4 
4 

4 
4 

12 

4 

2 

4 

12 

12 

4 

0 

2 

2 

12 

12 

25 

2 

0 

2 

12 

4 

0 

0 

4 

45 
25 
35 
4 
25 
25 


4 

2 

2 

2 

4 

25 

25 

12 

12 

2 

4 

25 

75 

2 

12 

25 

2 

25 

2 

4 

45 
45 
25 
2 
25 
2 
35 
12 


a 

Si 


4 

0 
2 
4 
0 

12 
4 
4 

25 
4 
4 

25 
0 
0 

25 

12 

12 
2 
2 
4 

25 
2 
0 
0 

25 

12 
4 
4 
0 

25 
0 


4 

0 
4 
0 
2 
4 
4 

12 

12 
4 
2 
0 

45 
0 

25 

12 
0 

25 
0 

12 
4 

25 
2 
4 
0 
4 
0 
2 


^5 

Z  c 


3  • 


3.0 
.5.3 
l.O 
4.  U 
4.0' 
9.3 
1.3 
2.3 

16.3 
8.7 
6.3 
7.0 
1.7 
1.0 

13.0 
ft  71 

15.3 
0.7 
1.3 
3.3 

19.3 
6.0 
0.7 
0.7 
7.3 

34.6 

12.0 

13.7 
.5.0 

18.0 
9.7 


1.3 

0.7 

1.0 

0.7 

2.7 

9.0 

19-7 

16.3 

15.3 

2.0 

2.3 

9.3 

41.3 

8.7 

12.3 

25.2 

1.0 

17.7 

1.7 

3.3 

20.3 

22.0 

9.0 

1.7 

9.3 

1.3 

11.7 

6.0 


B 
O 


s 

C2 


N45E 

8  45E. 

S15E. 

We«t.. 

N45W. 

North  . 

S3E.. 

N58W. 

N45W. 

N64  W. 

N54W 

S45E 

N59E 

8  45E 

S43E 

Weut.. 

N45W. 
N21  W 
N45W. 

N27W. 

Weut 

N45W. 

North. . 

N38W. 

N45W 

N20W 

WeHt . 

N 1 1  W 

S45E 

South  . 


Amount  of 
cloudineitii. 
(0=clear 
Hky.) 
(10=ijky  en- 
tirely  over- 
cast. 


a 


0 
6 
0 
6 
10 
5 
9 
9 
8 
8 
0 
9 
10 
10 
1 
0 
6 
9 
2 
7 
5 
10 
8 
6 
10 
10 
4 
5 
0 
4 
4 


3.5   N46W.5.8 


N45W. 

EaMt... 

N23E 

Eaiit... 

Went.. 

8  5  W. 

S20E 

N45W. 

N22W. 

South  . 

S58W. 

S6E.. 

N45W. 

N41W. 

S45E 

S20W 

N62W. 

N48W. 

N  24  E 

N27W. 

N45W. 

S45B 

N45W. 

8  26E 

S5  E.. 

S52  W. 

S45E 

Wfbt. 


2.4    S84W. 


6 
6 

10 
8 
6 
2 
4 

10 
2 
0 
9 
8 

10 
8 
0 
6 
4 
8 
6 
6 

10 
4 

10 
0 
2 
0 
1 

10 


• 

a 

a 

• 

CI 

h  at 

2 

0 

0 

0 

6 

10 

8 

10 

10 

0 

8 

0 

8 

10 

8 

10 

10 

10 

4 

0 

4 

10 

6 

10 

10 

7 

8 

4 

4 

8 

2 

2 

9 

10 

8 

0 

8 

3 

5 

5 

10 

8 

8 

6 

6 

8 

4 

8 

10 

10 

4 

0 

8 

0 

4 

0 

0 

0 

4 

8 

2 

10 

•••••• 

.10 
.30 
.05 

.05 
.08 

.09 

.08 
.08 

.11 
.03 

.35 

.38 
,21 

2 

6 

10 
8 
0 
0 
2 

10 
0 
0 
0 
4 

10 
6 
4 
6 

10 
8 
2 
4 
2 
4 
8 
0 
3 
4 
0 

10 


5.  6  4.  4 


2 
0 

10 
6 
0 
0 
0 
8 
0 

10 
0 
4 
4 
2 
6 
8 
7 
6 
0 

10 
4 

10 
0 
0 
0 
0 
0 

10 

3.3 


.,       .06 


.C4 


6.1    5.4    1.95 


.14 





.41 


.09 


.16 
.08 
.41 


1.48 
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Reductions  of  the  monthly  mettortdogieal  hgisUr  of  the  nnejf  of 


Date. 


lu 
II 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
2» 
30 
31 


Meuu 


April     1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

16 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

Means  .  . . 


Barometer  reduced  to  temperature 
of  3'4^  Fahr.,  expre«Med  in  United 
States  inch«8  and  decimals. 


TEMPKRATURE^rAHRENHEIT. 


s 


d 

t*   « 

1867. 

March    1 

28.761 

2 

29.  2.16 

3 

29.323 

4 

29.192 

5 

29.  459 

6 

29.668 

7 

29.382 

8 

29.697 

9 

29.516 

28.981 
29.446 
29.  478 
29.  245 
29.410 
29.418 
29.  4«j4 
29.  103 
29.270 
29. 342 
29.637 
29.483 
29.:M7 
29.365 
29.490 
29.586 
29.642 
29.371 
29.395 
29.30:J 
29.  173 
29.093 


29.362 


28.749 

29.235 

29.312 

29.  255 

29.2:11 

28.949 

29.096 

29.  :J35 

29.  492 

29.  240 

29.255 

29.096 

29.063 

29.15(1 

28.978 

29.205 

29..T22 

29.531 

29.285 

28.86:i 

29.216 

29.  173 

29.  424 

29.3J^0 

29.270 

28.729 

29.321 

29.  155 

28.911 

2i).307 


29.185 


a 
c« 


28.570 
29.  :J95 
29.206 
29.226 
29.604 
29.514 
29.468 
29.673 
29.  416 
2^732 
29.541 
29.446 
29.278 
29.368 
29.  .358 
29.283 
29.128 
29.  191 
29.498 
29.588 
29.351 
29.388 
29.  285 
29.454 
29.661 
29.513 
29.363 
29. 408 
29.238 
29.105 
29.005 


29.331 


28.792 

29.373 

29.  268 

29.258 

29.188 

28.865 

29  201 

29.471 

2i).  351 

29.357 

29.  118 

29.080 

29.047 

29.033 

29.023 

29.166 

29.451 

29.  513 

29. 168 

29.00(5 

29.200 

29.2t9 

29.  473 

29.306 

29.135 

29.  065 

29.303 

29.  072 

28.827 

39  283 


29.  188 


a 


28.723 
29.400 
29.176 
29.365 
29.707 
29.456 
29.614 
29.616 
29.354 
29.083 
29.530 
29.368 
29.344 
29. 421 
29.401 
29.201 
29. 180 
29.  184 
29.584 
29.676 
29.341 
29.  421 
29.348 
29.  472 
29.686 
29.429 
29.376 
29.  379 
29.204 
29.092 
28.850 


29.351 


28.900 
29.261 
29.317 
29.262 
29.158 

28.  912 
29.254 
29. 534 
29.241 
29.384 
29.118 
29.068 

29.  145 
28.955 
29.033 
29.269 
29.544 
29.158 
29. 075 
29.  2(>0 
29.184 
29.304 
29.453 
29.  a3l 
29.082 
29.248 
29.238 
29.045 
29.098 
29.231 


29.200 


28.685 

29.344 

29.235 

29.261 

29.590 

29.546 

29.488 

29.  662 

29.429 

28.9:12 

29.506 

29.431 

29.289 

29.  40iJ 

29.392 

29.296 

29.  140 

29.215 

29.  475 

29.634 

29.392 

29.385 

29.aT3 

29.  472 

29.644 

29.  528 

29.370 

29.394 

29. 248 

29.  12:1 

28.949 

29.348 


Wet  bulb,  or 

point  of 
evaporation. 


S 


ei 
r- 


34 
-I 

2 

2.5 


38 
U 
21 
26 


3.522 


7 
20.  i 

1 

17 
29 

8 

12.  i 
-4 
-13 

0 

6 

8.  J 

1 

8. 

9 
16 
29. 
31 
18. 
12.5 
10 

24. 5 
25 
30 
37.5 
35 


28.814 

29.290 

29.299 

29.258 

29. 192 

28.909 

29.  184 

29.447 

29.361 

29.327 

29.164 

29.081 

29.085 

29.048 

29.011 

29. 217 

29.439 

29.401 

29.  J76 

29.023 

29.20J 

29. 239 

29.450 

29.  342 

29. 162 

29.014 

29.  287 

29.091 

2a  945 

29.274 


20 

» 

'23 

28 

34 

21. 

'23 

10 

17. 

25 

25 

2a 

25 
:io 
.15 
35 

|38 
5123 
25 
24. 
30 
31 
36. 
46 
38. 


Dry  bulb,  or  tem- 
perature of  the 
open  air. 


S 


ct 


22.5 
-5 
13 
-0.5 

4 
21 
17 
13 
27 
27 

7 
10.5 
-1.5 

1.5 

3 
17 
-2.5 

7.5 
14.5 
26 
31 
31 


5 


35. 
-I. 

3 

3 

4 

8 
21. 

I. 
17. 
31 

9 

13. 
-4 

la 
1 

7 
10 
2 
9. 
10 
17. 
31. 


539 
12 
21. 
26 
24 
21 

531 
'25 


S 


a 


2a5 

-5 
14 
-0. 
5 
23 

la 

14 
29 


s 


30.5 
36.5129 


25.5 
25 

;i2 

519.5 

•J9 

28 

27 

3a5 
534 

40 
53a  5 
5|38 
5  41.5J:10 


8 

II. 
-2. 

as 

4 

18 
2 

la 

16 
27 
33 
32 


28.532. 

16     20.  5  '25 

11      ia5!28.5 

24     11.5*,>6.526.5 

23     26 

23     26 

32     31 

46.5  38. 


30     140. 


35 

35.5|24 

42.534 

556 

547 


46 
34. 


la  6  28, 7  16.  7  14.  4  30. 7 


28.5 

129 

130 

'32 

26 

i:o 
i-m 
l2a 

33 

32 

32 

;:i8. 

45 

43 

42 

.38 

40 

34 

45 

46 

29. 

28 

3a 

38 
39 
40. 
28 
|35 
39. 
129 


39. 5,34. 

36     -26. 
3a  533 


2a 

31 

aa 

26 
25 


30 
39 

3a5 
38 
36.5 
46.530. 
27     22 
61     i37 
4a  5  31 
54     !4a 
5a  5  47. 


535.542. 
5  34     143 

34.  5  45. 
534.5  32 

27.  5  42 
5  34     |46 

34. 5  42. 

30  141. 
5  36     161. 

34.529. 


18 
12.51 


24 


32.7 
01.8 
12.8 
10.2 
11.0 
17.0 
2a  7 

las 

25.7 
3-2.2 
14.2 

ia7 

04.5 

ua2 

11.3 
17.7 
11.7 

ia7 

19.8 
25.7 
29.3 
33.8 
34.7 
21.2 

ia2 

21.5 
28.3 
28.5 
35.6 
46.8 
40.7 


17.  8  21. 0 


39 
•29. 
37 
30 
33 
.38 
512a 


36 

48 

5  52 

5  47 


67. 
55 
70 
65 


42 
49 
34 
47 
38 
43 
31 
31 
.35 
39 
42 
.30 
:16 
47 


41 
39 
31 
39 
51 
32 
28 
25 
29 

a3 
as 

27 
29 


44.5  44 


41 
50 
41 
53 
46 


57 
39 
|48 
45 
44 


47. 5  42 
35     28 


32.535 
29     32. 
.36    *41 
41.5  44 

42  147 
43.5:12. 
30.5  41. 

43  62 
45u55l. 
31     39 


'26 

35.5 

22.5 

44.5 

34. 

54 

51. 

45 

46 

36 

47 

52 

35 

31 

26. 

32 

34 

38 

28,5 
5  32. 5i 

j48 
544 

29 


29. 191   34. 9  40. 3  3a  2  38. 9  4a  3 


39.0 
35.5 
39.0 
32.2 
34.2 
39.3 
35.2 
3a2 
44.3 
28  8 
49.3 
45.8 
58.7 
54.5 
44.5 

4a  0 

41.7 
45.3 
50.0 
41.7 
JiL8 
•29.3 
36.3 
39.8 
42.3 
34.8 
34.8 
51.0 
47.0 

3ao 


a 

a 
S 
"3 


E 

a 
i 


VAPOR. 


Ela»tidt7,inUS. 
iochf  B  and  dech 
mala. 


40.522 
19  !  8 
22.5il0 
28. 5-0. 5 


c 
6. 

CI 


c 


•25 

28.5 

33 

28 

a>.5 

38 
28 
•25.5 


19.5U5 


26 

3a  51 

31 
•28.5 


-6.5 
16.5 

!-a 
10 

26 
6 
5.5 


-21 

-4 

-;i.5 
-as 


32     1-10 
141     !  9 
|44.5   5 
141     |13 
43     ^28 
144.5  27 
|2.».  5|  15. 5 
30.5   7.5i 
'28.5   4. 
1.37.518 
40     119 
45     20 
60. 5  34 

'53  IS9. 

1 

60.5-8 


176.2161. 
...  .061. 
036.107. 
043.117 

045 .  095 . 
048 .  096 . 
098 .  1 19 . 
040.  100!. 
088 .  125. 
137 .  163. 
051. 0H9. 
065.100. 
036. 046- . 

.....078'. 
032.089!. 

046 .  100 . 
046 .  086 . 
034 .  072. 
0G2.1'28. 
054.139. 
0rj.l58. 
140.165. 
157.190. 
078 .  100 . 
085.0*5. 
061 . 10^. 
115.109. 
12:1 .  122 . 
155 . 138. 
2ilj.l79^. 

5..  132.122. 


109.167^ 
034. «H)^ 
li«7.Cf;0 
017.ll»| 
(>41.(kitf| 
101.  "id 
077. U« 

1*24. 1411 
048. Q5€ 
139.073j 

....Oil 
035. '157^ 
038.6531 


oe5.iie.t«5.c»5 


51      38 
45.525 
47.  5  28.  5 
37     28 
44.  5  24 

5a  5  2a  5 

47.527.5 

4:1.  5;  19     I 

'62     ^1.5 

37.520 

(J9. 5  15 

58 

74 

67.5 

49 


53 
73 


52 
45 
40 
32 
31 
38 
39 


56.533 

36.  5  2a  5 . 

37. 0;24. 5 . 

45.  529 

55 

58 

HI  5  26 


&'29 

I 

^i  !• 

91. 5. 

V*Mi      i 


145.5! 

63 
52 
42 


19.5. 

199. 5. 
40    I. 


36. 9  40.  7  174 


15 


076, 903- 141. 14ft 
103.12i;.llu.lll! 
I  lf|.  142. 138. 132 
149 .  l.«L  la*.  14T, 
123 ,  I99t  151 .  138 
175, 143'.1.TI.1» 
124    177L  ll'Ji.  1» 

140;.  125. 1231.  ISj 
149.  Il9|.ll«.»27i 

149. 118!.  ll*.l«i 
129. 4&>!.  1231. 2H 
105 .  258L  134 .  l« 
907  .  206L  145. 1« 
925.257LS7S.^ 
934.94lL»5<.2rr 

190.2e'.14t.l8^ 
ll7.13lLll^.I21 
105 .  .310;.  134;.  IS 
I94.138.»lj.ai 
311. 264!.  14a. » 
129. 1981. 119|.  132 
I42.1S7L11».1» 
I59.I9S!.I».'3?' 
183.173.173.1?] 
199. 90tL  163^.1 
913. 1».  190. 1 
195  14^.19^.1 
I0a.l25'.(KiH» 

164. 93*.  W.*? 
137.l52'.J4*.i« 

"l56."57,"i»'« 


EEPORT   OF   THE   SECRETAET   OF   WAS. 


1069 


the  northern  and  northufestem  lakes  at  Marquette^  Miehifan. 


VAPOR. 


WIND. 


Hamidity. 
SatariUlon  =  1,000. 


.649 


.730 
.864 
.869 
.777 
.857 
.856 
.919 
.7«B 
.784 
.813 
l.UOO 


707 
769 
68'^ 
718 
787 
791 
757 
791 
848 
707 
813 
701 
815 
876 
893 
906 


880 


&24 

.744 
.8*24 
.895 
.622 
.836 
•.705 
.744 
.610 
.316 
.535 
.698 
.798 
.738 
.3-22 
.407 
.483 
l.rjOO 
.698 
.887 
.753 
.699 
.744 
.753 
.733 
.357 
.538 
.788 

.657 


.747 
.433 
.465 
.845 
.744 
.435 
.661 
.434 
.317 
.725 
.669 
.878 
.281 
.418 
.836 
.521 
.W7 
.925 
.459 
.918 
.628 
.848 
.488 
.597 
.624 
.748 
.5:i4 
.224 
.724 
.636 

.607 


B 

o. 

« 

fi. 

CI 

O) 

.907 

• 

.866 

.804 

1. 000 

.929 

.810 

.768 

.500 

.738 

.750 

.KW 

.860 

.685 

.765 

.746 

816 

.733 

.775 

.756 

.775 

..■407 

.777 

.746 

.800 

.610 

.697 

.724 

.556 

.740 

.655 

.840 

.587 

.842 

.422 

.780 

.622 

.743 

.557 

.880 

.677 

.896 

.719 

.896 

.7.18 

.aj6 

.746 

.682 

.605 

.711 

.757 

.699 

.537 

.COB 

.588 

.868 

.505 

.792 

.399 

.379 

.577 

.  662     .  789 


.590 
.680 
.619 
.836 
.800 
.581 
.716 
.876 

.931 
.416 
.669 
.347 
.724 
.684 
.471 
.550 
.413 
.930 
.698 
.685 
.^18 
.694 
.895 
.719 
.829 
.694 
.292 
.  836 
.887 

.681 


S 


.874 
.902 
.825 
.711 
.786 
.831 
.769 
.806 
.809 
.773 
.689 
.786 
.805 
.710 
.668 
.755 
.705 
.640 
.719 
.  743 
.777 
.8i;2 
.807 
.712 
.710 
.719 
.773 
.777 
.730 
.658 
.493 


7.50 


.568 
.546 
.555 
.815 
.789 
.637 
.666 
.715 
.489 
.800 
.565 
.622 
.388 
.613 

.Tn 

.577 
.473 
.582 
.624 
.872 
.670 
.851 
.642 
.730 
.  696 
.777 
.654 
.291 
.699 
.770 

.648 


Direction. 
From  whence. 


B 


E 

NW.. 

8 

W.... 
W.... 

E 

W.... 
w . . . . 

8 

E 

W.... 

N 

NW.  . 

W  .... 

SW  .  . 

Calm.. 

8W  .  . 

Calm.. 

Calm.. 

Calm.. 

W.... 

Calm.. 

SW  . 

NW.  . 

W  . . . . 

Calm.. 

NW.  . 

SW  .  . 

W.... 

W.... 

Calm.. 


W... 

NW. 

8W  . 

N  . . . . 

NW. 

W  ... 

N... 

W... 

W  ... 

NW. 

W... 


E... 
N... 
Calm. 
W  ... 
N.... 
W  ... 
8W  . 
NW. 
N.... 
Calm. 
8  .... 
8  .... 
NW. 
8W  . 
8  .... 
8  .... 
NW. 


6 

« 

ot 


S 


Velocity,  In  ^g 
mlleii,  per  S"" 
hour.  ^  - 


5     a 


w .. 

NW 

o    .  .  . 

W  .. 

w.. 

SB.. 

NB  . 
B... 


E... 

NW.. 

E.... 

N 

8W  . 

N 

8 

E 

8W  .  . 
8E... 
SB. . . , 
E    ... 
Calm. 
NB  . ., 

8 

NW. 

El  ....  < 

E  . . . . . 

N 

B 

B  . . . . . 

8 

E 


NW.  . 

4 

25 

NW. 

25 

12 

8 

2 

12 

W.... 

2 

12 

NW.  . 

25 

4 

8E... 

25 

45 

N 

4 

4 

N 

2 

12 

SB.... 

2 

4 

W  . . . . 

2 

4 

Calm.. 

12 

2 

W.... 

4 

4 

w.... 

25 

25 

w.... 

2 

4 

w... 

25 

2 

N 

0 

2 

8W  .  . 

12 

4 

W.... 

0 

25 

W  .... 

0 

4 

Calm.. 

0 

3 

Calm.. 

2 

0 

Calm.. 

0 

4 

NE  ... 

4 

12 

NW.  . 

4 

4 

W.... 

4 

4 

E 

0 

4 

NW.  . 

4 

4 

W.... 

4 

13 

N 

12 

12 

W.... 

4 

2 

Calm. 

0 

3 

N... 

E... 

B . . . 

N... 

NW 

W.. 

N... 

N... 

N... 

NW 


8  .... 
NE  .. 
N  ... 
W... 
NW. 
W  ... 
SW  . 
N  ... 
NW. 
NW  . 
Calm. 
8  .... 
8  .... 
NW. 
N.... 
8  .... 
8  .... 
N.... 


NW. 

Calm. 
Calm. 
N.... 
Calm . 
W  ... 
Calm. 
Calm. 
NW  . 
NW. 


8  .... 

8  .... 

Calm. 

W  ... 

W  ... 

SW. 

NW. 

NW. 

NW. 

Calm. 

Calm. 

Calm. 

Calm. 

NW. 

SE... 

S  .... 

8  .... 

W... 


2 
4 

25 
4 
12 
25 
2 
12 
.35 
33 
12 


2 
25 
0 
4 
2 
2 
35 
2 
2 
0 
2 
2 
2 

12- 
35 
12 
25 


B    r  = 


35 

2 

3 

2 
o 

IS 
4 
3 


15.0 

lao 

5.3 

5.3 

10.0 

25.7 

2.3 

ae 


2  I  2.0 

25  i  8.  7i 


0 
2 
3 
4 
8 
3 
3 
4 
3 
0 
0 
0 

13 
4 
3 
3 
4 
3 

13 
4 
0 


4 

12 

4 

25 

12 

25 

4 

4 

4 

12 


4 

2 
35 
12 
25 
25 

4 
25 

2 
13 

0 

4 

4 
25 

4 
35 
35 
13 


3.3 
3.0 
12.5 
2.7 
9.3 
1.0 
6.0 
7.3 
1.0 
0.7 
0.7 
1.3 
3.0 
4.0 
0.7 
2.0 
3.7 
2.7 
4.0 

ao 

0.7 
1.5 


4 

0 
0 

12 
0 

12 
0 
0 
2 
9 


2.7 

a3 

7.3 

ia7 

8.0 
20.7 

3.0 

4.3 
12.3 
16.3 

4.0 


12 

3 

0 

3 

3 

13 

13 

3 

2 

0 

0 

0 

0 

3 

4 

35 

45 

4 


a 
o 

■»* 

t 


I 


N72W. 
N  45  W 
South. . 
Wprt     . 
N87W. 
858E  . 
N  low. 
N79  E 
856  E 
N  84W. 
We»t  .. 
N  13  W. 
Went... 
N60W. 
8  45W. 
N  45  E. 
S45W 
S38E.. 
8  16E.. 
EaHt .  .. 
Weut... 
N45  E 
8  40  E 
N  45  W. 
Wei»t... 
Eaitt  . . . 
N31  W. 
S71E.. 
North  . 
8  77W. 
Eaut  ... 


8  81  W 


N37W 

N74E.. 

S39W 

North  . . 

N45W. 

Went... 

N  rth. 

N  72  W. 

N81  W. 

N45W. 

Went... 


Amonnt  of 
cloudine«M, 

(0=rclear 

Bky.) 
( 1 0=ftky  en- 
tirely   over- 

cajit.) 


B 


5.3 
1.3 

16.7 
4.7 
10.0 
11.3 
5.0 
8.7 
2.0i 
4.7 
0.0 
2.0 
2.0i 

9.7 

ao 

31.7 
30.7 
12.3 

a9 


South 
8  80  E 
North   . 
Went... 
N.54W 
S79W 
N68W. 
N  87  W. 
N  42  W. 
N39W. 
Calm... 
South   . 
Sonth  . . 
N45W. 
8  39  W. 
South 
South    . 
N  36W. 

N88W. 


10 
8 
2 
2 
0 
3 
2 
0 
8 

10 
1 
6 
3 
0 
3 
8 
0 
0 
0 
0 
4 
3 
4 
8 
0 
8 
3 
0 
4 
2 
I 


a3 


0 
0 
8 
9 
2 
4 
8 
8 
0 
8 
0 


0 
0 
3 
0 
0 
9 
9 
0 
5 
5 
8 
1 
0 
9 
6 
4 

a  9 


s 

a 

CI 


10 
2 

10 
8 
I 

6 
3 
0 
4 

10 
6 
8 
2 
0 
2 
8 
0 
2 
0 
0 
6 
6 
6 
1 
0 
6 
0 
0 
0 
0 
2 


a  5 


s 

p. 
a* 


10 
0 
0 
0 
0 
8 
4 
0 

10 
2 
4 
8 
0 
0 
0 
8 
0 
2 
0 
0 
8 
6 
8 
1 
0 

10 
0 
0 
0 
0 
0 


2.9 


0 
0 
4 

8 
0 
8 
0 
0 
0 
8 


6 
10 
2 
0 
10 
9 
9 
8 
8 
0 
4 
0 
8 
4 
1 
6 
0 
0 


0 
6 
10 
6 
0 
0 
0 
0 
0 
0 


10 
0 
0 
0 
9 
8 
8 
0 
0 
0 
0 
0 
8 
0 
0 

10 
0 
0 


4.0  12.7 


a  J. 

—  V 
.."  *» 
§•« 

£  B 
c  « 

e  * 
>  ji 

C      .  OB 

< 


±  2 

E-S 

S  c  "O 


.14 


.12 


.36 


.11 


.11 


.84 


.04 
.'06 


.04 
.'2*1 


.32 


.57 


I 
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Reductions  of  the  montfUy  meteorological  register  of  the  SHrvs}  •/ 


Dat«. 


Barometer  reduced  to  temperaturw 
of  32^  Fahr,  exprt- uned  In  Uuited 
Sttttes  incbei  and  decimal*. 


I 


1867. 
May  1 
2 
3 
4 
5 

a 

7 
8 
9 

10 
11 
1-2 
13 
14 
15 
16 
17 
18 
19 
20 
SI 
251 
2i\ 
24 
25 
26 
27 
28 
29 
30 
31 

Means .... 


June 


1 
2 
3 
4 
5 

6 

•♦ 
i 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 


MeariK .. 


S 
d 


29.310 
29.516 
29.  457 
28,931 

28.  958 

29.  193 
21».  296 
29.  2.M 
2i>.  13.3 

29.  aJ5 
29.  460 
29. 164 
29.031 
21>.  062 
2«J.  191 
29.  3.'i8 
29.  5<W 
29.  407 
29.307 
29.213 
29.  094 
29.  114 
28.990 

28.  819 
2i».2l7 

29.  .392 
29.  .35.3 
29.173 
29.  422 
29.405 


29.245 


29.  :jo7 
28.6i)0 
2H.  846 
29.  249 
29.  229 
28.965 
29. 199 
29.392 
29.  408 
29.321 
29.  163 
29.  257 
29.  381» 
29.191 
29.090 
29.364 


29. 3.39 
29.436 
29.  452 
2t'.  384 
29.  :J80 
29.318 
29.146 
2!>.  Ol»2 
29.0:i8 
29.098 

29.  i93 
28.  954 


a 

ct 


29.348 
29.521 
29.368 
28.878 
29.008 
21».  244 
29.318 
2i>.  198 
29.  128 
29.  246 
29.  403 
29.  42:1 
29.  108 
28. 98:) 
29.  156 
29.218 
29.424 
29.5.38 
2i).  3.*>6 
29.291 
29.158 
29.115 
29.  105 
28.  972 

28.  843 
29.281 
29.416 
29.284 
29.205 

29.  4ia 
29.401 


29.246 


29. 210 


29.198 
28.674 

28.  9«)7 
29. 340 
29. 1 12 
29. 022 

29.  248 
29.  420 
29.  3.'»9 
29.171 
29.084 
29.  328 
29.315 

188 
135 
29.381 
29.  (X)2 
29.375 
29.  435 
29.448 
29.300 
29  305 
29.  2.V) 
29.064 
29.  064 
29.004 
29.  229 
29.  :J88 
28.941 
29.  175 


29. 
29. 


S 


29.414 

29. 492 

29.2'W 

28. 945 

29.  144 

29.289 

29.321 

29.  158 

2i».  141 

2l».26:j 

29.  510 

29.346 

29. 078 

29.018 

29.188 

29.241 

29.503 

29.503 

29.318 

29.258 

29.118 

29. 1(»5 

29.075 

28.941 

29.055 

29.341 

29.296 

29.206 

29.  2.56 

29.459 

20.356 


29.254 


29.197 


29.043 
28.713 
29.  052 
2V>.  316 
2!).  022 
29.  132 
29.326 
29.398 
29.  385 
29. 205 
29.110 
2^.  401 
29. 148 
29. 175 
29.198 
29.  314 
29.  188 
29.411 
29.  451 
29.334 
29. 278 
29.323 
29.1iW 
29.045 
29.065 
28.998 
29.  297 
29.334 
28.891 
29.221 


TKMPERATURK— FAHEUCNUEIT. 


VAPOR. 


Wet  bulb,  or 

point  of 
evaporation. 


§ 


2 


29.357 
29.5.30 
29.354 
28.918 
29.  a37 
29. 242 
29.  312 
29.202 
29.  1.34 
29. 247 
29.416 
29.430 
29.117 
29.010 
29.  135 
2;».  217 
29.428 
2i).  5:16 
29. 360 
29.  285 
29.  163 
29.  ia5 
29.098 
28.968 
28.906 
29.  280 
29.368 
29.281 
29.211 
29.  448 
29.387 


26 
25 


E 

p. 


|:i2.''- 
39 


o 

32 
34 

o  36.  5 


Ul.5  45 

5l.5  34 


25 

.J4 

44.5!.39. 


d 

05 


Dry  bulb,  or  tem- 
perature of  the 
open  ulr. 


» 


34 

3.5. 5 

36 

.38  5 

41.5 

42 

38 

40. 

37. 

41 

40 

42. 

4a 

39 

:w 

.38 

:<8.  .'^ 

44 

44 

39. 

40 

37 

42 

42. 

38 


.> 


37 

39. 

41. 

42 

43. 

44 

40. 

42 

39 


36. 

31 

27. 

3.3 

.33. 

37 

31 

:t8 

39 
34. 
32 


42.  5  30. 
44.535 
35. 


46 

42. 

46. 

41 

.39 

43 

50 

iX 

42 

43. 

40 

51.. 

45 

49 


2«).  248   38.  3  42.  I 


29.183 
28. 692 

28.  955 

29.  .3(^2 
29.  121 
•,'9. 040 
29.2,)8 
29.413 
29.  .384 
29.  232 
29.119 
21^.  329 
29. 284 
29.  185 
29.  141 
29.353 
29.  095 
29.375 
29.441 
29.411 
29. 321 
2I».  .3:16 
29.257 
29.085 
29.  074 
29.013 
29.208 

29.  :m 

29.008 
29.  117 


42 

48 

i>:i 

49 

51. 

64 

49 

5:1 

64 

.59 

63 

52 
51. 
59. 
56 

.53 

58 
50 
.56 
69 

58 
61 
!6l 
62 
|51 

62" 
64. 


48 
53 

58 
48. 
64. 

.54. 

58. 

65 

69 

72 

61 

.55 

5l6(l. 

5  57. 

52 

65. 

59. 

.55 

54 

67. 

63 

61 

71 

67 

67 

52 

61 

71. 

69 


.'59 

40 

39 

36 

3.5. 

44 

37. 

:j8 

39. 

41 

47 

41. 

48 


29 
26 
.34. 

541 

5|4a 
i35. 

536 
138. 

538. 
43. 
49 
50 
43 

546. 
;39. 

546 
|46. 

547 

52 

43. 

41 

42 

5  45 
151 

547 
46. 
4a 
42. 
ii. 
47 
43 


a3. 

.36 
5  47. 

46. 
551. 
537 

40 
544. 
5  4a 
352 

.52 

5.3. 

46. 
5  49 
5,45 

!49. 
551. 

56 

49. 
5.54- 

47. 

45 

52 

54. 

45. 
55J 
551 
544 
55:1. 

51. 

58 


a 


5,26 

27 
5'36 
541 


.36. 1  42.  P 


49. 
46 
54 

41. 

5  65 
\'iO. 

548. 

.5I.W 

5  61. 
64 
61 
V). 
59 
61 
50 
46 

rA 

55 
50 
56 
62 
54 
61. 
66 
63. 
63 
47. 
52 
573. 


5  52 
;5J 
57 
5:1. 
64 
69. 

551. 
56. 

lO 

71 

67. 

70 

51 

54 

66. 

62. 


40 

34 

29. 

16 

37.5 

43 

35.5 

44.5 

43 

38.51 

35 
.J  35. 5 
5:i8 

39.51 
5  45 
5  44 
5  43. 51 

43 

41 

46.5 

40 

43.5 

44.5 

43.5 
5  5iJ 

45.5! 

55 


5 


48.  2  40.  1 


5 


29.199 


64 


59 
67 

6). 
77 
64. 
65 
5,73 
68 
52. 

69. 
80 


29.203  ,56. 5 60.  656.  3 


'>2 
57 
68. 
555 

k5 

5'74 
5  58. 
5  66 

84. 

a"! 

5  86. 
164 
61 
67 
562 
560 
.|7.>. 
172. 
62 
.58. 
580. 

;7a. 

571. 

84. 
84 
174. 
5,57. 

,.7.5. 

594. 

170 


51. 

48 

58.51 

45 

75 

52.51 

51 

62.5 

<J8.5 

70.5 

66 

55 

67 

65 

52 

49. 

59 


52 
60 
.5,70 
557 
5|67. . 
5  73 
69. 


67 

.50 
5|56.5 
583 

68 


62.570.f61.2 


a 


29.5 
29.7 
.3!i.  3 
42  8 
46.0 
35  5 
35.2 
39.7 
41.5 
46.2 
45l5 
49.3 
44.2 
44.7 
39.8 
43.7 
45.3 
47.5 
48  8 
47.3 
44.0 
43.3 
46.0 
50.7 
44.2 
46.7 
47.3 
4:i.  3 
49.0 
48.0 
52.0 


B 

9 

s 

s 

3 


ElastidtTioU  S. 
inchec  nod  deci- 
m&U. 


E 

s 

a 

a 
S 


a. 

9t 


<      ? 


54  25 
38.5^.iU 
52 
'50 
'52 
,39 
41. 
149 


.50 
54. 
51 
56 
49. 
5.3 


5. 

4 

ai. 


2il 

.39 

31. 

31 
527. 

23. 

32 
5!35 

35 

28 
538 

|32 
48.5i:M 
152  25 
I55.  5!26. 5i 
57.  528 
55.  5i:U, 


106. 16>. 
123.  17U, 
158.  2iR 
212.267 
197J.2I4 
128 


.56 


.5a5-RI 


49 


.19. 


:w 


.55w  5311. 

oH.  d  .54 

50. 5!:i.5.  5 
53.  5I34.  5 
56.  5'30.  5 
48.  5  .16 


17U 

I7y! 

168: 

164 

l6-> 

164 

174 

198' 

192; 

163 

2l^{ 

171 

17!» 

19U 

177 

148 

196 

249 

15. 


.  157. 
.18li. 
.177. 

.  n<y. 

.  13F. 
.  171. 

UK 

174. 

175. 

160. 

18  k. 

201. 

179!. 

18lj. 
.211!. 

172i. 

ie». 

13^. 

.31)11. 
.256. 
.  I62L 


163..  184 . 
LVSJ-  I95L 
247 .  355 . 
.214. 
I64U229. 


123.139 

061. 11* 
170.177 
2il.2J4 
170,  194 

1.39.  :4i 
127. 1» 
149. lAj 
UiMO 
142.14* 
122.1.>i 
144. 1» 
l8H.17i 
14H.  1»«, 
142 .  167 

uei-isi 

165. ITS 
1561.  m 
16>'.  171 
19;5. 195; 

186.  m 

121.  l» 
144.143; 
255j.25i| 
1921.2321 
1.57 .  1571 
177. 17> 
224.191' 

aj«.2» 

210.212 
343. 21i 


.  194;.  167 


m 


292. 327 .  «* 
350),  2841. 314 
343. 358!.  350 
25.5.2161.23 
3331483-344 
532.341  4«5; 
372^.308.331' 


391 
374 
594 


.423;.3Mi 


.451.491 

509 .  4di' 
58»i.470l.5e5| 
497|.308L418J 
3l4.Xa;.3»4i 
440.  4831. 4Sij 
4  491.331. 4  J^ 
382la65.3J3 


4m 

3% 


351 

.3371 


340).  334 
358 


m 

39t 
34€ 


.39613581 
487.449l4l3| 
475.37»1.48a 
3%1.466L41« 
57T.  545.5351 
4^.501.439 
53i).  3321.511 
3151. 

34al329l: 
€70.  Sit 
543.442 


4ll!.402.3W 
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the  northern  and  northwestern  lakes  at  Marquette^  Michigan, 


VAPOR. 

WI.ND. 

Amount  of 
clondtneiM. 
(0=clear 
»ky.) 
(10=iilcy  en- 
tirely over- 
cant.) 

la 

Hnmidity. 
Saturation  =  i.OOO. 

Direction. 
From  whence. 

Velocity 
roilea 
hoar. 

'.in 
per 

II 

Is. 
§J 

is 

1.3.5 
4.0 

36.7 
3.3 
8.3 
4.0 

12.3 
5.  .3 
2.0 

13.7 
1.9 
4.7 
1.3 
5.7 

20.3 
3.3 
1.3 
0.7 
1.0 
4.3 

20.7 

23.0 
5.3 
1..? 

15.7 
2.7 
9.0 
4.3 
9.7 
9.3 
2.3 

3.8 

2.6 
4.7 
1.0 
5.8 

23.3 
0.7 
0.7 
4.7 

11. 0 

15.3 

12.3 
4.3 
4.3 
2.7 
0.7 
2.0 

15.7 
60 
1.7 
2.6 

10.3 
0.7 
1.3 
9.7 

16  3 
3  2 

12.3 
1.3 

20.7 

12.0 

3.3 

s 
0 
•a 

1 
i 

a 

S 

• 

a. 

CI 

S 
6, 

Si 

a 

• 

S 

1^ 

* 

s 

• 

0, 

01 

• 

S 

• 

a    a 

• 

a 

• 
Q. 

Oi 

25 
4 
0 
2 
4 
4 
0 
0 
4 
4 
0 
0 
0 
0 
2 
2 
0 
0 
0 
4 

25 

12 
0 
0 

.35 
0 
0 

12 
0 
0 
4 

• 

a 

8 
6 
0 
10 
6 
8 
6 
0 
6 
0 
0 
0 
7 
0 
6 

? 

0 
4 

8 

8' 

8 

2 

1 

8 

0 
10 

6 
10 

4 

0 

4.3 

4 

0 
5 
0 
0 
5 
9 
3 
0 
0 
3 
1 
4 
2 
4 
0 

• 

a 
0. 
« 

2 
0 
4 

6 
8 
6 
8 
4 
3 
0 
0 
7 
8 
0 
0 
2 
4 
2 
6 
4 
6 
6 
0 
8 
8 
0 
4 
10 
3 
0 
4 

3.9 

8 

8 

1 

0 

4 

4 

7 

0 

0 

0 

3 

0 

4 

3 

2 

0 

4 

1 

7 

2 

3 

0 

1 

1 

1 
0 

7 

0 
0 

1 

2.5 

• 

a 

• 
Oi 

=  00  «* 

i^a 

< 

ill 

< 

.665 

.841 
.8U2 
.914 
.845 
.502 
.712 
.732 
.602 
.498 
.350 
.441 
.423 
.548 
.  505 
.533 
.510 
.530 
.399 
.510 
.497 
.52:1 
.53:1 
.330 
.709 
.841 
.450 
.493 
.677 
.865 
.562 
.475 

.876 
.415 
.8t^3 
.867 
.688 
.712 
.778 
.7U5 
.623 
.511 
.588 
.490 
.669 
.6.32 
.698 
.553 
.719 
.640 
.533 
.677 
.669 
.433 
.539 
.807 
.776 
.W5 
.602 
.794 
.786 
.687 
.561 

.794 
.698 
.83.3 
.845 
.623 
.684 
.771 
.676 
.6.10 
.484 
.500 
.454 
.601 
.562 
.683 
.557 
.587 
.563 
.495 
.602 
.643 
.542 
.461 
.680 
.780 
.494 
.536 
.683 
.842 
.636 
.541 

NW  .. 
NW.  . 

SE-... 

8 

W  .... 
NW.  . 
NW.  . 

K 

E 

N.... 
NW.  . 

N 

CHlm.. 
NW.  . 
NW.  . 
Calm.. 
Calm.. 

8 

E 

E 

NW .  . 
NW.  . 

N 

NE  ... 
SW  .  . 
NW.  . 
E 

\wm  .... 

NE  ... 
NW.  . 
NE  ... 

N 

NE  ... 
8B.... 

8 

W  .... 
NW.  . 
NW  .  . 

B 

NE    .. 

N 

NB  ... 

N 

NW.  . 
NK  ... 
NW  .  . 

E 

NE  ... 

N 

N 

NW.^ 
NW  .  . 
NW.  . 

N 

NE  ... 
NW.  . 
ofci .  • . . 

E 

E 

NE... 
NE  ... 
8 

NW.  . 

E 

Calm.. 

S 

8 

NW.  . 
Calm.. 
Calm.. 
NW.  . 

N 

Calm . . 
Calm.. 
Calm.. 
Calm.. 
W  .... 
W.... 
Calm.. 
C.n'm.. 
Calm.. 
W  .... 
NW  .  . 
NW.  . 
Calm.. 
Calm.. 
NW  .  . 
Calm.. 
Calm.. 
NE  ... 
Calm.. 
Culm.. 
SB.... 

12 
12 
35 

4 
12 

4 
25 
12 

2 
25 

4 
12 

0 
12 

12 
4 

75 
4 

12 
4 

4 
4 
4 

12 
4 
2 
4 

12 

0 
N.34W. 
N.8  W 
8.45  E 
South  . . 
S.  8.>  W. 
N.45  W. 
N45  W. 
Bant  . . . 
N.  19E 
North  . . 
North  . . 
North  . 
N.45  W. 
North  . 
N.47  W. 
EaHt  ... 
N.  45  E 
North  . 
N.45E 
N.50W. 
N.45  W. 
N.45  W. 
North  .. 
N.45E 
N.50  W. 
N.45W. 
BaMt  . . . 
N.50E 
N.45E 
N.  )7E 
8.53  E 

8 
0 
10 
0 
0 
8 
0 
2 
0 
0 
0 
7 
6 
2 
0 

.*«76 

.794 
.824 
.620 

.14 
.2J 

.628 

.802 
.722 

.768 

.55»2 

.471 

.450 

.587 

.518 

.818 

25  1  35 
0  !  12 
0  1    4 
2       4 
2       2 

.617 

2 
0 
0 
6 

.513 



.660 



.441 

.632 

2 

25 

12 

12 

2 

4 

12 

2 
0 

25 

12 

4 

12 

12 

45 

4 

2 

12 

4 

25 

4 

4 

25 
4 

6 
8 
0 
0 
0 
9 
6 
0 

•"*••" 

.T.» 

.661 

•  ■  •  •  • 

.495 



.525 
.772 
.477 

.29 
.31 

.513 

.377 
.875 
.6(i0 

10 
0 
0 
4 

3.0 

.37 
.50 

.5«7 

.642 

.588 

.657 

.629 



N.45  W. 

1.81 

....j  — 

0 

12 
0 
0 

12 
0 
0 
0 
2 
2 
0 
0 

12 
0 
0 
0 
4 
2 
0 
2 
4 
2 
0 
2 

12 
4 
0 
0 

12 
0 

.350 
.8."i6 
.752 
.702 

.727 
.752 
.492 
.590 
.278 
.634 
,758 
.612 
.316 
.410 
.467 
.833 
.5/7 
.  666 
.753 
.546 
.560 
.  421 
.612 
.729 
.476 
.638 
.514 
.487 
.372 
.653 
.666 
.389 
.284 
.525 

.860 
.850 
.729 
.723 
.5.58 
.862 
.824 
.748 
.650 
.683 
.735 
.711 
.  595 
.783 
.861 
.748 
.703 
.568 
.861 
.765 
.613 
.812 
.6i>2 
.672 
.702 
.790 
.820 
.719 
.557 
.790 

.646 
.819 
.658 
.672 
.399 
.740 
.8(J3 
.713 
.495 
.514 
.656 
.719 
.561 
.781 
.751 
.645 
.632 
.545 
.674 
.764 
.606 
.699 
.620 
.647 
.513 
.713 
.794 
..•»4 
.491 
.569 

ncj «... 

E 

W  .... 
NW.  - 
8W  .  . 

E 

E 

E 

8 

Cnlm . . 
8W  .  . 
NW.  . 
Calm.. 

E 

NW.  - 
NB  ... 

\y .... 
E 

NE  . . . 

r^  .  .  •  •  • 

yv  .  • . . 

E 

8B.... 

8 

SW  . 
NW.  . 

SW  .  . 

\V  •  •  •  • 

SB... 
NW  . 
NE  ... 
NE  ... 
SW  .  . 
Cnlm.. 
NW  .  . 
8E.... 
8B.... 
SB.... 
SW  .  . 
NE  ... 

E 

E 

SB.... 

E 

SW  .  . 
W.... 
NB  ... 
NE  ... 

S 

E 

E 

SB.... 

S 

SB... 
NW.  . 

E 

8W  .  . 

*^ 

Calm.. 

NW. 

Calm.. 

Calm.. 

SK.... 

Calm.. 

Calm.. 

Calm . . 

W  .... 

8 

Calm . . 
Calm . . 

8 

Calm . . 
Calm . . 
Calm.. 
W  ... 
W  . . . . 
Calm.. 
NE  ... 

8 

E 

Calm.. 
8E.... 

S 

8  .... 
Calm . . 
Calm.. 

4 
4 
4 

12 

35 
2 
2 
2 

12 
0 

12 
4 
0 
4 
2 
2 

•  •  •  • 

4 

2 
2 
2 
2 
2 
2 

12 
4 

25 

4 

4 

2 

12 

35 

0 

2 

12 

25 

45 

25 

12 

2 

4 

4 

4 

45 

12 

4 

4 

25 

2 

2 

25 

25 

4 

12 

4 

8. 45  E 
N.33W. 
N.28  W. 
North  . . 
8. 35  W. 
Bant  . . . 
N.  17  E 
8.  .51  E 
8.28  E 
S.43  E 
8.  45  W. 
N.26E 
8.9  E.. 
EaMt  . . . 
8.45  B. 
N.76B. 
8.  48  W. 
Went... 
N.61  E 
N.45E. 
South . . 
Bant  . . . 
EaHt  . . . 
8.45  E 
South  . . 
South  . . 
N.45  W. 
EaHt  . . . 

10 

10 
0 
0 
6 
9 
7 
0 
0 
0 
2 
0 
7 
5 
2 
3 
3 
0 

10 
4 
3 

10 
2 
0 
1 
3 
0 
0 
0 

n 

.15 
.60 
.04 

.362 

.725 

.826 
.  78  > 
.•518 

•••*«• 

.60 
.12 

.449 
.766 

.04 

.613 



.834 

.639 

.:::::r:'oh 

.641 

_ 

.06 

.647 

8 
0 
10 
8 
1 
1 
2 
0 
2 
4 

.550 

.798 
.739 

...... 

.08 

.648 

.653 

1 

.783 

'1 

.464 
.695 

.8y7 

; 

j      .07 

.632 

SW  .  . 
Calm.. 

25 

25 

8.  45  W. 

N.84  W. 

3 

1 

2.8 

..190 

35  1    4 

...   .  ^ 

3.2 

.656 

.566 

.733 

.646 

8.21  W. 

1    B.n 

--J 

i 
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Reduetiont  of  the  montUff  metearologicml  register  of  the  ssirqi  •/ 


Date. 


1867. 

Joly        1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

•ll 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


Baroinfter  reduced  to  temperature 
ot  'J2^  Fahr,  expressed  in  United 
Slates  Inches  and  decimals. 


TKMPERATURE— FAHRKKHlCrr. 


a 


a 


29.216 
29  178 
29. 151 
29.177 
29.093 
29.  118 
29.239 
29.367 
29.359 
29.056 
29  042 
29.467 
29.  455 
29.354 
29.206 
29.436 


Means. ...    29. 239  ,  29. 243  {  29. 230 


Aug. 


29.404 
29.346 
29.458 
29.345 
29.216 
29.  175 
29  231 
29.  201 
29.  209 
29.000 

28.  9.^2 

29.  372 
29.  382 
29.000 


29.215 

29.091 

29. 095 

29.188 

29.080 

29.  128 

29. 248 

29.31»3 

29.338 

28.922 

29.281 

29.  479 

29.530 

29.27.) 

29.288 

29.455 

29.390 

29.405 

29.314 

29.408 

29.' 30 1 

29. 207 

29.  169 

29.230 

29.213 

29.  128 

28.956 

29.0:i2 

29.428 

29.345 

29.007 


S 
d 


29.186 
29.165 
29.100 
29. 182 

2i«.oei 

29.161 
29.344 
29.408 
29. 208 
28.787 
29.384 
29. 442 
29. 378 
29.150 
29.361 
29.431 
29.383 
29.376 
29.  :J8  J 
29.345 
29.225 
29.173 
29.  172 
29.213 
29.208 
29.070 
2«.  982 
29. 264 
29.  428 
29.  286 
28.995 


( 


Means... 


29.013 

29.269 

29.312 

29.298 

29.  423 

29.313 

29. 342 

29.214 

29.291 

29.468 

29.466 

29. 0;:0 

29.202 

29. 246 

29.  464 

29.333 

29.000 

29.104 

29.317 

29.  :i57 

29.  275 

29.  125 

29.0:17 

29. 346 

29. 3:u 

29.3o:j 

29.075 

29.0«3 

29.310 

29.347 

29.136 


39.252 


29.077 

29.348 

29. 294 

29.327 

29.  394 

29.  263 

29.271 

29.  140 

29.3:J8 

29.508 

29.382 

29.  070 

29.201 

29.348 

29.  468 

29.162 

28  999 

29.  199 

29.  378 

29.340 

29.  227 

29.080 

29.090 

29. 38,} 

29.309 

29.  224 

28.947 

29.  l.-^ 

29.369 

2!».277 

29.261 


29. 252 


29.136 

:«9.272 

29.272 

29.391 

29. 375 

29.  279 

29.229 

29. 126 

29.396 

29. 51 1 

29. 275 

29.156 

29.  181 

29.417 

29.413 

29.080 

28.974 

29.262 

29.357 

2i».  301 

29.205 

28.960 

29.  225 

29. 334 

29. 252 

29.  1>2 

28.  992 

29.  222 
29.412 
29.148 
29.338 


a 
it 
?3 


Wet  bnlb,  or 

point  nf 
evaporation. 


1^ 


29.206 
29.145 
29.115 
29. 182 
29.085 
29.  102 
29.277 
29.389 
29.302 
28.922 
29.2<>9 
29.463 
29.  454 
29.258 
29.285 
29.  441 
29. 3i^ 
29.  428 
29.347 
29.404 
29.290 
29.199 
29.  172 
29.224 
29.2U7 
29.136 
28.  979 
29.076 
29.409 
29.338 
29.001 


a 


59.560. 
'68.  5  70 
64.5  61. 
54.5  61. 
55.  bM. 
53.  5  58 
53.  560 
151.5  56 


a 


156 

|57 
62 
i50 
156 
60 
59 
56 

|... 

50 

59 

64 

65 

64 

64 

1 70 

59 

60 

67 

64 

56 

62 


59 

6a 

55 

52 

60 

74 

62 

59 

61. 

63 

72 

l66 

69 

72 

78 

66 

65. 

68 

73 

64 

m 

64 
6a  5  64. 


555.5 

!.59 
5  59 
552 
554 

5:15 

|52 

|51 

57 
561 

;50 

47 

>54 

56 

156. 

•53 
5  6U 

158 

;Gl 

166. 

62. 

l68 

i70. 

60. 
5  62 

66 

69 

50.5 

:5H 

|58. 5 
5  61.5 


Dry  bulb,  or  tem- 
perature of  tbe 
open  air. 


S 


68. 
76 
70. 
56 
.58. 
56 
61. 
58. 
68 
69. 
68 
53 
62 
66. 
63. 
63 


S 


a 


572.560 
t9l.5|63 

5j70.  5162. 5 
166.5  54.5 

564      57 
63.556 

576     157 

566     55 
171     65 

5,72     74. 5 
59.552 
l57     ;5U 


29.241    59.764.1 


29.075 

29.296 

29.293 

29.339 

2a  397 

29.285 

29.281 

29.160 

29.342 

29.496 

29. 374 

29.  «'82 

29.  19:1 

29.337 

29.488 

29.192 

28  991 

29.188 

29.351 

29.333 

29.2.')r; 

29.055 

29. 1 17 

29.354 

29.331 

29.  2:0 

29.005 

29.  148 

29.364 

29.257 

29.245 


61     61 
57     59 

59     77 
66.5  71 

6:1. 57a  5 

69. 578 


65 

65 

571 

72 

67 

5!79 

5  77 

6:1 

64 

74 

69. 

60 

70 

63 


80 

5|7l 
[70 

.'80 
171 
85 
75 
77 
82 
j89 
|73 

5  75 
'77 
{86 

5  71 
72 
'76 
i70 


I59 

172 

63 

60 

69 

64 

i67.5 

173 

l66 

170 

7&5 

!64 

64 

73 

74.5 

54 

'63 

61 

65 


58. 2  65. 9  73. 7  63.  4 


61. 

51 

69 

61 

68 

70 


70  '83. 5176 
73.  5  79  75. 
61  61.5  57 
58.569.5  61 
.'>9. 566  6.\ 
6*2. 5  69 


54 

62 

54 

61 

69 

54.5 

51 

154 

64 

,67 

62 


58 
559.559 


62. 515.1 

65 

76 

72 

53 

61 

65 

71 

67 

64 


29.247     29.250 


.•>2. 5I6<» 
59. 5  («. 
60  69 
65  71 
.'>3.557. 
47  51 
43.5  57 
55    !50 


|58. 
165 
j65 
153. 
47 
59. 
68. 
69 
59 
5:1 

5163 
6.5. 
58 

551. 
44 
52 
45 


562 
58 
63 
69. 
71 
73 
76 
79 
62. 
64. 
68. 
65 
|56 
|66. 

556. 
[70. 
76 

5.56. 
154. 

558 

5,69. 

71 

68 

On* 

67. 

5  66 
70. 
60. 
50. 
48. 


71 
163 
'81 
5  84.5 
82.5 


64 
53 
73 
65 
75 


59.  7  66. 1  60. 1 


!92    |75. 5 

'9.1.581.5 

96.  5,85. 5 
5  75     61 
5  76    164 
581     172 

i7i  5)60 

67.  5  66.  5 
5  68.  5,58. 5 
5  7l.5,b2 
5  85 

94 
5  5.\ 
568 

77 
580 

71 

81 
5  69. 
587 

91.5173 
5  76  66. 
571  ^ 
560  48. 
567.561 


57     55 


64. 3  76. 3 


50 


65.0 


a 
cs 


a 


B 

a 

E 

c 

S 


67.0  79 
76.8  93.557 
67.  8  77  56. 
59.  Oi67. 5  50 


TAPOl. 


Elantieity.  in  l.J^ 
inches  and  diect 


a 

CI 


Si 


e 

m 

S 


78 


356 


7a  0 

82.2 

71.3 

67.*  5175. 5:57 

7I.3!81 

7a  2!92 

64. 8  82 

65.074 

69.083 

66.072 


67.89a54l      .440    .4^.429<.451 


65l 
58.0lfi5 
72.3;82. 
73.  0184. 
76.2^ 
80. 2|94 
ai7|96 
87. 0  97. 
66.  2  75. 
6a2t79 
73. 8  84.  i 
65  8  75.. 
63  371.J 
64.  570.  J 
63. 3|7a  J 
7&0i«7 
80.594 
56.056 


57.8 
66.3 


71 


.381  T^ 
.44<.5a0i 

¥3. a 

.35^.414 

.378.41* 
.377.391 
. 322. 3ltf 
.32l.3» 
.35e^.33ft 
.363.4!*^ 

.3ei,3» 

.351L31j 
.3891.582: 
.371.416 
.310.310 

Hat    %lii' 

.44  a,  431 

.450.4S3 
.563.53^ 
.519.54r 

.637.S14 
.48U.J55 
.5*»!.4» 
.  545i.  S& 
6351613: 
.321,«SJ 
.416.47^1 
.4.^.44?' 
.409. Sl»^ 


523   .503 


)• 


74.082 

71.584 

71.2jd4 

62:271. 

76.0189. 

76.et»2. 

71.0;79 

62.2J76 

56.35a 

59.073 

54.o!56 


5  53.5 
5155.5 

64     . 

53.5;. 
545     . 

ki    . 
47. 5 . 


.4571. 
.837L 
.608. 
476  .a(9u 
316   .391. 


4UI 
438 


448 
406 

5441  .6B1I. 

3i7 

.333^ 


977 
217 
407 


6a  5  97. 5141.    1.463 


5Q3.5I0 

348. 41«! 

483.  »e! 
591.553 
639;.  7W 
«li.8» 
7471750 
412.433 
497.514 
541.456! 
436!.  5»: 
4^1401 
.1^7.436 
444. 4S 
517.  ShT 
530. 544 
377,3© 
«7t»-347 
449*.  tdl 
643.flUr 
66li.<S6 
433u43i: 
331* .  31^ 
435.4:i8 
517 .  454 

335.315 
8S9u254i 

969-.  s::^ 

234i.3)2 


596.469.4i?6 
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the  northern  and  northtcestem  lakes  at  Marquette^  Michigan, 


VAPOft. 

WIND. 

Amount  of 
cUmdiueH8. 

•S-3 

•  n 
CO 

c 

« 

(0 

(10  = 
tiro 

—  clear 
sky.) 
=  i»ky  en- 
ly  over- 

CiWt. 

r -o 

r  i, 

0 

Humidity. 
Saturatiou  =  1,000. 

Direction. 
From  whence. 

Velocity 
milfd, 
hour. 

,  in 
per 

a 

0 

1 

Sao 

0—0 

• 

5 

• 

5 

• 

0. 

• 

E 

• 

a. 

• 
4> 

• 

E 

d 

• 

s 

• 

-   i    -■ 
a       a 

- 

s 

a 

1 

a. 

c 

• 

fib 

9    ."a 

=  0  a 

S    J.   CB 

r- 

ff« 

Si 

S 

f 

(M 

o» 

t>"         CI 

0  ;«- 

a: 

t' 

ot 

Si 

< 

< 

.561 

.460 

.736 

.585 

W  .... 

SE,  ... 

Calm.. 

4 '   4 

0 

1.0 

0 
8. 23  W. 

3 

0 

0 

...... 

.tifi-l 

.304 

.776 

.581 

W... 

S 

Calm.. 

4    45 

0 

15.3 

S.  5  W 

2 

4 

9 

.7ot; 

.573 

.  803 

.b1>4 

C.ilm.. 

E 

Calm  . 

0    12 

0 

4.0 

Ea-t 

2 

4 

.  9 

.38 

.  «j  a 

.7.J7 

.836 

.82.) 

NW. 

N     ... 

E      ... 

4     4 

2 

2.  3 

N.  7  VV 

10 

2 

2 



.i?17 

.8  6 

.812 

.812 

Culm.. 

Calm.. 

Calm . . 

0     0 

(*   0. 0 

Calm   -- 

10 

8 

I 

.840 

.700 

.840 

.  793 

E 

E 

NVV. 

2     2 

12    :}.  3 

N.  27  VV. 

0 

6 

10 

.18 

.557 

.340 

.692 

.5:jo 

NW.  . 

NVV.  - 

C^liu.. 

12     25 

0 

12.3 

N.  45  VV. 

0 

I 

0 



.5tiS 

.495 

.743 

.  6(n> 

SW  .  . 

E 

Calm.. 

4        4 

0 

1.0 

S.  2:1  E 

5 

4 

0 

.42A 

.419 

.  582 

,485 

SE... 

E 

8E.... 

2      12 

12 

8.0 

S.  66  E 

1 

1 

3 

1 

.8.'*) 

.828 

.4:J3 

.704 

S 

8 

8 

4      12 

4 

6.7 

South 

2 

5 

4 

.-       .33 

.tjya 

.734 

.861 

.76:j 

w .... 

NE  ... 

NW  . 

2      12 

•  ■* 

4.0 

N.  18  E 

8 

7 

0 

1       .32 

.7«»8 

.692 

.786 

.759 

N 

8E  ... 

Calm.. 

2       4 

•  0 

1.0 

S   74  E 

3 

0 

0 

1 

.tUio 

.3b7 

.70.J 

.  .'»78 

E 

8  .    ... 

2       4 

0 

1.7 

8.  2:rE 

0 

0 

0 



.61*5 

.741 

.665 

.697 

S 

8 

S 

12     45 

35  :io.  7 

South  .: 

1 

4 

5 

.751 

.576 

.644 

.657 

W  . . . . 

W.... 

W  . . . . 

12      12 

2  ,  8.  7 

WeHt    .. 

0 

3 

1 

.62 

.61U 

.482 

,599 

.5<i7 

w .... 

Calm.. 

CiUm . . 

2 

0 

0 

0.7 

VVfHt.  .. 

I 

1 

0 



.292 

.564 

.  428 

Culm.. 

SW  . 

hi    .... 

0 

12 

2 

3.7 

S.  3ii  W. 

0 

3 

7 

.am 

.618 

.675 

.6)8 

JSE.-... 

8 

E 

2 

12 

2 

4.7 

S.  14  E 

7 

7 

8 

.681 

.5<K7 

.669 

.619 

OCj  .  .  .  . 

SW  .  . 

Calm.. 

2 

4 

0 

I  7 

8.  16  VV. 

7 

2 

7 

.6(j;i 

.599 

.694 

.652 

SE... 

NE  ... 

Calm.. 

0 

2 

0 

0  9 

bU^t  .    . 

()• 

2 

1 

.668 

.(>48 

.812 

.709 

Calm.. 

fi    

Calm  . 

0 

2 

0 

0.7 

EuMt     . 

0 

1 

0 

..... 

.841 

.595 

.8S>8 

.  778 

SE  ... 

SE.... 

Calm.. 

2 

4 

0 

2.0 

S.  45  E 

:i 

2 

0 

•  ••••'••••*• 

.40J 

.592 

-  ti.'io 

.549" 

W  .... 

K 

W    ... 

4 

2 

4 

2.  0 

VV.^>t   .. 

3 

4        0 

...... !•--••• 

.68y 

.672 

.806 

.  7-22 

\v    . . . 

E 

Calm 

0 

0 

0 

0.0 

Calm   . . 

*1 

5 

0 

.751 

.577 

.^6 

.7;W 

N  W  . 

N 

Cuiui.. 

*> 

4 

0 

2.  0 

.\.  14  VV 

1 

0 

0 



.7tM) 

.6118 

.672 

.687 

Cilm.. 

E    .... 

Calm. . 

0 

2 

0 

i'.7 

En-t 

0 

4 

0 



.677 

.513 

.744 

.645 

8VV  .  . 

NW  .  . 

Calm. . 

25 

4 

0 

8.3 

^.  .->5  W. 

6 

3 

7  ,   

.25 

.725 

.663 

.  769 

.719 

W  .... 

W  . . . . 

W... 

4 

2.*) 

12 

i;i.7 

VV.-..t     . 

0 

8 

10      

.39 

.  7«J5 

.539 

.723 

.676 

E 

N... 

Calm . 

12       4 

0 

.4.3 

N.72E 

0 

1 

9     



.613 

.486 

.  8.>;} 

.651 

NB  ... 

8 

SE     .. 

2       4 

25 

9.3 

S   4:1  E 

0 

7 

10 

.04 

.ejs 

.7.i7 

.809 

.798 

W  .... 

8 

oE . . . . 

4  ;    2 

1 
4      12 

2 

*  ■  •  ■ 

0 

1.3 
5.3 

S.  :i7  VV 

10 
9 

9 

0 

*• 

.30 

.697 

.578 

.734 

.  663 

W  .... 

.S.  17  W. 

3.  5    3  4 

1  2.21 

040 

.663 

.859 

.821 

W  .... 

Calm. 

3 

1 

.937 

.864 

.859 

W  .... 

NE  ... 

Culm 

4        4 

0 

I.. 

N.  23  NV 

10 

I 

0 

.776 

.826 

.807 

.803 

W  .  - . . 

SW  .  . 

Calm.. 

25      12 

0 

11.3 

S.  76  VV. 

1 

n 

10 

.g46 

.504 

.  783 

.711 

Culm-. 

Calm.. 

W  . . . 

0  1     0 

0 

0.7 

VVr«t     .. 

0 

0 

0 

.16 

.64  J 

.  .527 

.681 

.616 

S 

8 

S 

2  1   12 

12      8.  7 

S.»r.«h    . 

0 

6 

0 

.m) 

.513 

.747 

.  (i9:) 

S 

S 

Calm.. 

12  ,  12 

0     8.0 

South  . . 

5 

5 

0 

.7J7 

.642 

.766 

.712 

Calm . . 

8W  .  . 

8W  . 

0      12 

4      5. 3 

S.  4.»  W. 

0 

2 

1 

.758 

.  4:n 

.611 

.602 

S 

8 

8 

12  '■  12 

4      9.3 

•South    . 

0 

0 

5 

.91:1 

.36<i 

.769 

.683 

W  .... 

N 

Calm.. 

2       4 

0      1.7 

N.  23  VV. 

10 

0 

0 

i.29 

.677 

-7  6 

.  8W 

.7;j.» 

W  .... 

Culm.. 

ChIiu.  . 

2       0 

0      l>.  7 

West      . 

0 

0       0 

.560 

.415 

.686 

.554 

w .... 

S  .    ... 

S 

12  '   12 

4  1  <>.  7 

>.  :i7  VV. 

8 

5  ,     4 

.f^li 

.829 

.880 

.  8.57 

8\V  .  . 

NW  . 

N 

12      12 

12  1  7.0 

N.  .14  VV. 

10 

9  ,     0 

.20 

.9«J:J 

.598 

.615 

.705 

W  .... 

E 

W  . . . . 

4      12 

2     2. 0 

EaMt 

0 

0 

4 

.763 

.697 

.788 

.  749 

NvV  .  . 

NE  ... 

Calm   . 

2  1     4 

0      1.7 

.N.  16  E 

0 

5 

0 

.....j -•••-• 

.  84-» 

.<>88 

.800 

.777 

Culm.. 

E... 

Calm.. 

0        4 

0  1    1.3 

l•^l^t   .  . . 

0 

4 

0 

.S-'K) 

.044 

.648 

.614 

SW     . 

8    .... 

SK  . 

12     25 

12  1 14.(1 

S.uih  .  . 

:i 

4 

4 

1 

.685 

.3  6 

.688 

.560 

SW  .  . 

W  .... 

NW. 

4   1   12 

2  j  5  7 

8.  8.1  NV. 

0 

1 

2 

' .  •  •  • 

.873 

.870 

.840 

.861 

NW  .  . 

NW. 

N    .... 

4 

12 

12  !  8.  7 

N.  25  A . 

1 ' 

10 

10 

j          1 1 

.772 

.647 

.7-22 

.714 

W    . . . 

E 

Calm . . 

2 

4 

0 

0.7 

Eatii  . . . 

4 

1 

0 

.756 

.493 

.753 

.667 

W  . . . . 

E 

Calm.. 

2       2 

0 

■  •  - 

{) 

0 

0 

.7-J5 

.62:} 

.805 

.718 

.(Julm.. 

E    .... 

E    .... 

0       4 

4 

2.7 

EuMt 

0 

7 

6 

.8  2 

.802 

.829 

.811 

8E..-. 

8W  .  . 

E    .... 

2       2 

12 

4.3 

S.  M  E 

4 

7  '     8 



.695 

.349 

.7-27 

.590 

W  .... 

W  . . . . 

W  .... 

2      12 

2 

5.3 

W.'»«t.  . . 

1 

0  [     0 

.644 

.543 

.672 

.  62 ) 

W  .... 

w .... 

N 

4       4 

2 

3.0 

N.77  VV. 

0 

0  '     0 

.5i« 

.349 

.528 

.492 

s 

8 

Cttlm.. 

2       2 

0 

1.3 

South  .. 

1 

3  ;     ti 

.685 

.275 

.648 

.536 

SW  .  . 

8    .... 

SE  ... 

2      12 

4 

o.A 

S.4  E.. 

0 

0 

0 

.729 

.771 

.568 

.689 

SW  -  . 

NW.  . 

NVV. 

4       4 

2d 

9.7 

N  5}  VV. 

1 

8 

(' 

1 

.603 

.388 

.774 

.588 

W  .... 

W  .... 

W    ... 

12     45 

2 

19.7 

W.Ht    .. 

•  0 

3 

1 

.75:) 

.49:} 

.670 

.6:J9 

w .... 

W    ... 

W    ... 

4     2.5 

2 

10.  .1 

VV'lHt     .. 

7 

0 

^ 

0 

1       -31 

.634 

.503 

.502 

.546 

w .... 

8W  .  . 

SW  . 

12      12 

60 

20.  7 

S.  51  W 

4 

4 

I 

1 

1 

.874 

.681 

.646 

.7;m 

N 

N 

N 

12      12 

4 

9.3 

N   ith  .. 
S.2.)  VV 

10 

3.  J 

1 

9 

0 

....!, 

.747 

.578 

.726 

.684 

•••••••• 





•  •  •  • 

-   •  •  • 

i 

3.3 

3.2 

4.. 

1 

'     2.07 

1 
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Eedttclions  of  the  monthly  meteorological  tegister  of  the  ramy  of 


Date. 


18fi7. 

Sept.      1 

2 

3 

4 

5 

€^ 

7 

8 

.  9 

10 

II 

12 

13 

14 

15 

16 

17 

18 

19 

2() 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

Meana 


Oct. 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 


Barometer  reduced  to  temperature 
of  32^  Fahr. ,  expressed  in  United 
Stuteit  inches  uud  deciuialtt. 


B 

ee 


29.412 
29.2»)7 
29.  005 
29. 237 
28.855 
2^).  220 
29.  577 
29.  409 

21».  445 
i9.  128 
'J9.  105 
2«».  234 
2l>.  533 
2*J.  269 
2i».  112 
2y.  25U 
29.  493 
2l>.  402 
2i).  326 
29.  477 
29.  408 
2i».  624 
'iii.  308 
29.  4M7 
29.  565 
29.  242 
29.  043 
29. 522 
29.  551 


29.  323 


29.119 
29.  ('.52 
29.  308 
29. 3.'J6 
29.315 
2<».  688 
29.716 
29.  4.32 
28.  801 

28,  63(» 

29.  106 
29.  435 
29.  454 
29. 267 

*29.'i8lV 
29.  258 
2«J.  068 
29.  318 
2!».  144 
2J».241 
29.501 
29.688 
29.  610 
29.  620 
29.  6.\5 
29.  627 
29.  623 
2"».  427 
29.  367 
29.  V.\a 


•it 


s 


29.366 
29.063 
29.072 
29.  173 

28.  732 
29.311 
29. 568 
29.256 

29.  316 
29.  353 
29. 002 
29.  168 
29.396 
29.  4i>8 
29.  148 
i9. 124 
29.  257 
29.550 
29. 206 
29.  431 
29.  348 
29.  543 
29. 500 
29.  124 
29.631 
29.  406 
29.  148 
29. 184 
29. 5^^9 
29.327 


29.286 


28.928 
29.214 
2i).  296 
29.258 
21».  422 
29.678 
29.634 
29.  2311 

28.  em 

28.  8»« 

29.  269 
29.468 
29.  406 
29.  234 
2<».  293 
29.2r3 
29.  110 
29.  0,^2 
29.  321 
29.  125 
29.341 
29.  557 
29.651 
29. 601 
29.616 
29.641 
29.564 
29.589 
29.  401 
29.326 
*2d,A12 


B 

d 


29.296 
29.  072 
29. 196 
29.  055 
29.  r'98 
29.446 
29. 443 
29. 098 
29.382 
29. 261 
29.008 
29.144 
29.454 
29.  461 
29.037 
29. 1(» 
29. 30-1 
29.551 
2i>.2ll 
29.518 
29. 366 
29.591 
29.4.55 
29. 278 
29.  fJ49 
29.308 
29.  118 
29.  246 
29.585 
29. 212 


29.300 


28.961 
"29.  :i30 
29,  .347 
29.266 
29.  559 
29.  725 
29.544 
29.  25.3 

28.  635 
28.993 
29.387 

29.  484 
29.  365 
29.  240 
29.  256 
2J).287 
2i>.  063 
29.  125 
29.  254 
29.  185 
29.  477 
29.  657 
29.621 
29.  592 
29.  f)50 
29.  621 
29.627 
29.  552 
29.  424 
29.357 
29.  2115 


a 
ce 


29.358 
29.114 
29.  091 
29.  155 

28.  ^95 
29.326 

29.  521) 
29.  254 
29.311 
29.  S^i 
29.  046 
2t>.  13i) 
29.361 
29.497 
29. 151 
29.  135 
29.  270 
29.531 
29.273 
29.  428 
29. 397 
29.514 

593 
237 
589 
426 
169 
124 
569 
303 


29. 
29. 
29. 
29. 
29. 
29. 
29. 
29. 


29.303 


29.  oa? 

29.  IW 
29.317 
29.  293 
29.  432 
29.  697 
29.631 
29.306 

28.  680 
28.830 

29.  254 
29.  462 
29.  408 
29.  247 
2<^.  275 
29.  250 
29. 137 
21>.  075 
29.298 
29. 151 
29.  353 
29.  572 
2!».  653 
29.  601 
29.  ()29 
29.  639 
29.  606 
29.  588 
29.417 
29.  35^) 
29.350 


TEMPERATURE— FAHRENHEIT. 


Wet  bulb,  or 

poiut  of 
evaporation. 


9 


46 
15 
44. 

48. 
60, 
45. 
42 

46 
44 

49 

55 
51. 

;«8. 

54 

69 

71 

55 

49 

52 

49 

58 

57 

HO 

43. 

40 

51) 

60 

38 

31 


E 

fib 


51. 

r)7 

5.55 

5;a3 

5163 
5  5.5. 
58 
58 
51. 
51 
64 
54 
46 
5.53 
67. 
76 
78 
51 
59. 
51. 
58 
57 
68 
68 
46. 
.58 
<i5 
69 
.38. 
51 


A. 


50.3 


45 

48 

:i8.5 
:jo.5 

40 

42 

.35 

49 

52 

45 

44 

42.5 

34 


18 

52 

46. 

5(> 

48. 

44. 

51. 

61 

5  44 
50 
53 
53 
37 
50. 
63 
73 
59 
49 

559 

5150 
57 
50 
61 
54. 
41 
50 
54 
53 

536. 
46 


Dry  bulb,  or  tem- 
perature of  the 
opeu  air. 


O 


.50 

.51, 

47 

.53 

64, 

49 
5  46.5 

,58 

49. 

46 

54 

59 

56. 

4H. 

57 

70 

72. 

51. 

5.3 

53 

152. 

64 

62. 

64. 

47. 

41 

51. 

61. 
5  40 

1.32 


62 
t^2. 
77. 
72 
67. 
71 
61. 
HO 
69. 
78. 
59. 
.54 
5  63 


a 

d 


a 

CB 
9 


5 


74. 

83. 

81. 

63. 

60 

66. 

70 

61. 

80 
5  84 
5  50. 

69 

71 
5  80 

43 

61 


58.151.7  53,3 


45 

55* 

41 

50.5 

47 

(>0.5 

47 

.35 

.32.5 

.39 

.34 

32 

41 

34 

43 

44.5 

36 


55 

47.5 

45 

48 
46 
51 


MeaiU. . .  .\  29. "Ml  \  2S.^Xi4  \  S&.W^ 


54 

59 

45 

47 

42.5 

49 

.51) 

.57 

58 

58 

60 

68 

.59 

73 

45 

42.5 

51 

53.5 

57 

54.5 

54 

54 

52 

47 

45.5 


53.5 

54.5 
5'49 
5:62.5 

'51.. 5 
5,47 

57 
5  63 

|48 
5.56 
5 .58. 5 
5  55.5 

39 

54.5 
5  65 
5:77.  5 
5i.59 
5  49.5, 

60 

53 

62 

53 

63.5 

61.5 
542     ' 

52.51 

.56.5 

51 

39 

51 


67.3 


54.8 

56.3 

53.0 

64.5 

62.7 

48.0* 

58.2 

60.8 

52.5 

57.2 

63.7 

.58. 0 

49.8 

52.7 

65.5 

77.0 

71.0 

54.8 

57.7 

57.5 

61.5 

59.5 

68.7 

70.0 

46.7 

54.2 

59.7 

65.2 

40.7 

48.0 


S 

SI 

c 


TAPOR. 


a 
s 
S 


ElMtidtT.inr.S. 
iuches  aud  deci- 
mals. 


64 

ti8 

62. 

2>» 

82. 

69. 

72 

63 

63. 

70. 

79 

62. 

50. 

64 

76 

86 

87. 

65. 

♦?J 

69 

172. 

66 

185 

U52 

70. 

79. 

87 

44. 

62 


1.15. 

45. 
5  43. 

45 
5  49. 
541. 

53. 
5,44. 
5  42 

50 
553 
5:n 

:io 

|.52.. 

64 
558 
5  48 

!45 

49., 
547 

52 

46 
5  44. 

41 
533 
5  45 

52 
5  36 

127 


z  •  a 


5.258 

5.214. 

5.254. 

5.275. 

5.4741. 

5.259. 

5.2L18. 

5 .  422 . 

5.265'. 

.  262 . 

.  282 . 

.  380i. 

.315. 

.21>7,. 
51. 378|. 

.695. 
738. 

.347. 

295. 

5 .  3751. 

.253. 

L  403 . 

.392,. 

.458;. 

.23li. 

.335L 
i..34l  . 

.498, 

.atj 

.162. 


236.20.S3& 
399.3S5.3S 

334|.'J81u'il 
382l363|.3<3 
4.55. 3(0. 4'u 
28i.2M.9C 
3101. 30?.  27? 
436:.  510:.  C* 
2691236.-5: 
13ii.'>2.2S 
402.:»).3¥ 
345;.  371.'.  3C 
2116,  li^.Ji^ 

27;i',3i3.aai 

57V..54S.3K 
796.751.747 

9nl.50i>.'it; 

209'.34!.S!« 
502. 4:^.4* 
)e.j.33il.29«; 

406.. 121 -3771 
534!..5'J3.473i 
47Di  332.«« 
2e4.S44.2S> 
3.56.  as.  3» 


.54.9   58.5 


53,5 

37 

33 

.39 

40     41 


48 
48 
40. 
33. 


36 
48 
51 
44 


43, 

.36. 
51. 
54 


66. 5  53.  5 
52.  5  :R».  5 

35     I 

43. 

41 

37 


47 
56 
50 
5.56 


561 
571 


45     45. 5 


43 
39 
40 


45 
44 

.36 


48     48. 
50     '... 
44     56 
52     j41 
57     15.5. 
52    l48 
63    !62 
40     47. 
34     ,36 
44     1.35. 
42    j43 
39     37 
39.5.34 
45.  5  43 
:J9.  5  36 
47     l43 
37. 5  47 
39    ,40 


51 
53 
4a  5  45 
47.  5  45 


44.5 
■.3 
62 
65 

61.5 
63 

66.5,57 
569 


46 
40 
40 
51. 
52 
46 


5180 
61, 
82 
48 
47 

Oo.  O 

61. 
60 
60 
61. 
59. 

49. 
52 


'ja.'iVb  \i.\'ca.^A\.<i'42.  else.  3 


\       \      \      \      \ 


.52. 5 

65 

43 

36 

47 

43 

40 

41.5 

49 

41.5 

.50 

39.5 

43.5 


56.0 

46.7 

40.8 

44.3 

44.0 

45.5 

49.5 

38.5 

48.5 

46.0 

45.2 

45.7 

46.0 

55.0 

5li.8 

55.0 

54,8 

68.3 

54.0 

69.7 

46.2 

39.7 

47.0 

49.2 

45.7 

45.2 

51.2 

45.7 

49.8 

45.3 

45.2 


87.527 


69 

57 

51 

,57 

54. 

.59 

61 

71 

l«l 

56 

55 

55 

62 

68 

70 

66 

70 

81. 

63 

82 

31 

49 

62 

66 

62 

64 

61. 

60 

37 

'52 

153 


.336 


561 
174 


38y.4ffl; 


2421. 24.5. 2lfi 


.383. 351 1-35: 


39 
37 

|:« 

128 
538 

35 

34 

48 

43 

43 

42 

39 

30 

i.38 

!38 

44 

139 
5.53 

46 

51 

40 

:M 

30 

41     L 

33     j. 

31.5,. 
538     j. 
i3a  5 . 
j:j5 
!38 
36 


.260 
335 

207 


age*.  410. 322 
2KiLi«*.a»^ 


- . .  273' 

I.'i5il230!J79.1* 

235. 238*.  235- «3 

.247.30!'.  I»i.«l, 

.184. 325 -29^  as 

.3l5.340.3lgi.33i 

.3e2,aWL275i.*^ 

293.3l6|.a»j.3Dffi 

275. 2461- i»;.S53 

234. 295. -SX.  351 

.170.9021 2*4  ?ii 
.253J.3».2e!^.35 

....|.436i.334L3«^ 

.43(".4l6.*SL3g 

.237;,43lL3ai.3S7] 

,30l.5l7l3k*.S» 
3Hi|.467L3S2.3^ 
507j.6SPU.  519.5^ 
316i.aeD|.»?.«SI| 
191.213- l7U.mi 

145.875. 34^  *» 
186. 304.  awl  Sg 
l.'>7L4«i.2S?''» 
155.33S.2H 

231.3l8i« 
17^.  3451 2M 

2781329^.2 

a6lL29t'.lL-- 

160.2l^.l79l- 


46.3   49. 

\       V 


1  182 


128    Ls52.Jfi.aS5^*^ 


Ma*> 


REPOET   OP  THE   SECRETARY   OP   WAR. 


1075 


lAe  northern  and  northwestern  lakes  at  Marquette,  Michigan, 


• 

YAPOR. 

WIND. 

Amount  of 

cloudiueM. 

(0-r  clear 

sky.)        1 

(10  =  nkyen- 

tirely  over* 

ca^tt.) 

—  y 

C   « 
l^ 

♦*   . 

BPS 

< 

II 

rr  %i 

Hanitdlty. 
Saturation  =  1,000. 

Direction. 
From  whence/ 

Velocity,  in 
milen,  per 
hour. 

5^u 

:::  s 

^  * 

Il- 
ls 

3  0 

19  0 

7.7 

4.7 

27.3 

4.0 

12.3 

13.7 

6.71 

10.3 

8.0 

0.9 

6.0 

10.0 

12.7 

9.7 

1.3 

2.0 

6.0 

8.7 

i 

V 

o 

SB 
O 

PS 

» 

E 

d 

• 

a 

• 

p. 

69 

r 

• 

a 

■ 

0» 

• 

• 

a 

• 

S 

• 

p. 
©1 

• 

a 

• 

a 

• 

S 

• 

a 

• 

c* 

12 

45 

12 

12 

45 

4 

25 

12 

12 

25 

12 

2 

12 

'25 

25 

25 

4 

4 

4 

25 

35 

4 

12 

60 

12 

4 

4 

4 

4 

25 

a 

• 

12 
2 
2 
4 
0 
4 

12 

25 
4 
2 
0 
0 
2 

12 
4 
0 
0 
0 

25 
2 
4 
2 

45 
0 
0 
4 
0 

25 
0 

45 

• 

a 

fj 
t^ 

0 
0 
9 
0 
2 
1 
0 
8 
I 
2 
0 
4 
2 
5 
4 
4 
2 
6 
6 
6 
0 
0 
0 
2 
6 
6 
2 
0 
8 
0 

• 

a 

• 

fib 

0 
10 
3 
0 
6 
1 
0 
10 
0 
1 
0 
3 
0 
6 
2 
4 
6 
0 
6 
0 
6 
6 
0 
0 
6 
0 
0 
0 
8 
2 

a 

• 

0 

10 
0 
0 
0 
0 
0 

10 
0 
0 
0 
0 
0 
6 
2 
0 

10 
0 

10 
6 
6 
6 
0 
0 
0 
0 
0 
0 
4 
0 

iss 

< 

.716 

.476 
.718 
.590 
.406 
.582 
.419 
.408 
.798 
.519 
.  180 
.413 
.678 
.  4U3 
.470 
.679 
.694 
.848 
.3.->7 
.969 
.281 
.441 
.743 
.512 
.403 
.719 
.  47.S 

.im 

.548 
.627 
.452 

.640 
.836 
.817 
.641 
.792 
.774 
.663 
.886 
.7U4 
.627 
.672 
.839 
.816 
.740 
.890 
.797 
1.000 
.963 
.940 
.798 
.718 
.798 
.859 
.609 
.914 
.  8.»9 
.842 
.933 
.770 
.653 

.611 
.705 
.717 
.576 
.718 
.646 
.576 
.853 
.6.'>7 
.550 
.586 
.759 
.666 
.677 
.794 
.813 
.924 
.652 
.881 
.670 

.6:m 
.rj9 

.688- 

.58i> 

.778 

.739 

.815 

.798 

.739 

.667 

Calm.. 

S 

SW-  .. 
W  - .  . . 
SW... 
w..  .. 
Calm.. 
SK  ... 
NW.  . 
W.... 
SW... 
NW.  . 
N    .... 
SE... 
8W.  .. 
SW... 
Calm.. 
NW  .  . 

SW.;. 
w.... 

S 

N 

s 

8 

N 

W  .... 
Calm.. 
W..  .. 

N 

8    .... 

E 

o  •     .... 

W.... 

8 

W..  .. 
W.... 
SE.... 
Ntj .... 
NW  .  . 
W..  .. 
SW.  .- 
NB.  .. 

N 

«5W... 

8 

SW.  .. 
8W... 

N 

8W... 

N ■ 

8W.  .. 

N 

8 

8.  ... 

N 

W 

SW... 
w.. .. 

N 

8 

SW.  .. 
W  .... 
NW.  . 
SE  ... 
Calm.. 
W  .... 
SE... 
SE  ... 
NW.  . 
W  .. 
Calm.. 
Calm.. 
N    .... 

oEi  .  .  .  . 

SE  ... 
Calm.. 
Calm.. 
Calm.. 

N 

N 

SW.  .. 

N 

8 

Calm . . 
Calm  . 

E 

Calm.. 

N 

Calm.. 
S 

0 

12 

12 

2 

45 

4 

0 

4 

4 

4 

12 

2 

4 

4 

12 

4 

0 

2 

12 

2 

2 

12 

12 

45 

12 

12 

0 

2 

12 

2 

o 

8.  23  E 
S.  2  W 
S.  71  W. 
S.  3  E  . . 
S.  ti8  W. 
Went    .. 
S.  45  E 
S.  45  E 
N.  45  W. 
Went.  .. 
S.  45  W. 
North  .. 
North  .. 
8.  13  W. 
8.  17  E 
8.  45  W. 
S.  43  W. 
N.  13  W. 
N.41  W. 
N.  9  W  . 

.562 
.774 



.27 

.680 

.781 
.745 

.42 

.657 

.876 
.748 

.51 

.843 

.674 

J761 

.689 

.822 

.812 

.948 

.925 
.633 
.733 
.932 

.68 
.06 
.36 

.743 

13.  3  S.  43  W. 

6. 0;  North  . . 
23.  Oj  South  . . 
:«>.  0,  South  . . 

8  0  North  .. 

.675 
.694 

.753 

.701 

.912 

4.0 
1.3 

West    .. 
S.  45  W. 

.895 

.912 

8.  7   N.  14  W. 

.820 

5.3 
24.0 

North  .. 
South  .. 

.896 

.777 

.553 

.792 

.707 

4.9 

8.26  W. 

2.9 

2 

8 

4 

0 

8 

3 

2 

2 
10 
10 

8 

4 

0 

6 

"2" 

1 
0 
0 
4 
8 
2 
1 
0 
0 
0 
0 
0 
0 
10 
2 

3.S 

2.9 

0 

4 

6 

2 

4 

0 

2 

0 

8 

8 

8 

0 

0 

I 

0 

2 

0 

0 

2 

1 

6 

2 

0 

0 

2 

0 

2 

0 

0 

6 

3 

2.2 

2.3 

0 
4 

4 

10 
0 
0 
4 
0 
6 
8 
8 
0 
0 
0 
0 
4 
0 
0 
0 
8 
6 
0 
0 
0 
0 
0 
0 
0 
10 
0 
0 



2  3<T 

45 

12 

12 

2 

2 

2 

0 

12 

25 

0 

12 

4 

0 

25 

25 

12 

4 

4 

2 

2 

12 

45 

25 

4 

12 

12 

4 

12 
4 
12 
12 
12 
4 

35 

12 

25 

12 

4 

4 

4 

4 

4 

12 

4 

4 

4 
4 

2 
0 
4 
0 

25 
4 
2 

25 

25 
0 
0 
0 

25 
0 

25 
4 
0 

12 
4 
2 
4 
2 
2 
2 
0 
2 
4 
0 

25 

.777 

.441 
.663 
.847 
.512 
,716 
.687 
.606 
.449 
.883 
.962 
.8:38 
.733 
.364 
.  .'i82 
.798 
.723 
.6t)3 
.497 
.835 
.632 
.777 
.660 
.561 
.557 
.822 
.680 
.583 
.678 
'.719 
.819 
.  566 

1. 000 
.773 
.797 
.632 
.912 
.903 
.790 
.864 
.020 

1.003 
.767 
.910 

1.000 
.758 
.861 
.843 
.692 
.4.32 
.%*5 
.890 
.750 
.«02 
.7-22 
.916 
.910 
.826 
.745 
.826 
.786 
.818 
.6:32 

.706 
.812 

.617 
.847 
.822 
.750 
.713 
.890 
.9":4 
.842 
.814 
.722 
.694 
.829 
.834 
.785 
.538 
.915 
.811 
.830 
.787 
.678 
.714 
.815 
.766 
.7-20 
.769 
.835 
.815 
.614 

SW   .. 
W... 
w.  ... 
w  . . . . 
w.  ... 
W  . .  - . 
Calm.. 
SE  ... 

S 

Calm.. 
NE.  .. 
NW.  . 
Calm.. 
NW  .  . 

n"!!!! 

Calm.. 
SW... 
W  .... 
SW.  .. 
w .... 
NW  .  . 
NW.  . 
W  .... 
W  .... 
W..  .. 
Calm.. 
W..  .. 

E 

N 

NW.  . 

SB.  •  •  - 
W 

w.... 

E 

E 

E 

SE  ... 
SE.... 
SW... 
W  . . . . 
NE.  .. 
W  .  .. 
E    .... 
W..  .. 
SB. .. . 

E 

W^.  •  . . 

8 

E 

SW... 
NW.  . 
NW.  . 
SW.  .. 
SW... 

E 

E 

S 

E 

NE.  .. 

N 

NE.  .. 

o .    .... 

W  .... 

w .... 
Calm.. 
NW  .  - 
Calm.. 
SE.... 

8 

W  .... 
NE... 

N 

Calm.. 
Calm.. 
Calm.. 
SB 

ia3 

9.3 
6.0 
0.7 
1.3 

12.3 
2.0 

15.7 
7.3 

15.3 
5.0 
1.3 

11.3 
9.7 
4.3 

;2.3 

12.7 
0.7 

24.0 
8.7 

10.3 
6.7 
5.7 
1.3 

8.  15  E 
We>»t.  .. 

We»t.  .. 

Bast 

N.  45  W. 

S.'45e" 
8.  42  E . 
S.  25  W. 
N.  37E. 
N.  22E 
N.  79  W. 

EaHt 

N.  60  W. 
8.  45  E 
N.81  E. 
West.  .. 
S.  32  W. 

i^ast 

8.  45  W. 
N.  (>4  W. 
N.40W. 
S.  82  W. 
8.  81  W. 
East.... 

1.000 

.822 

.707 
.912 

.09 
.04 

.875 

% 

.853 

.826 

.867 
.960 
.  92  J 

.37 
.45 

.798 

.802 
.743 

.935 

Calin.. 
W  .... 
SW... 
Calm.. 
SW   .. 
NW.  . 
NW.  . 
SW... 
w .... 
w .... 

w.... 

Calm . . 
•V  .... 
NE... 
Calm.. 
W.... 

2 

0 

25 

2 

25 

12 

4 

12 

12 

2 

2 

0 

2 

2 

2 

2 

1.000 
.684 

.06 

.9-25 

.912 

.962 
.900 

.36 

.701 

.669 

1 

.7h2 

' 



.792 

.833 

1.3 

•  •  •  • 

6.0 
2.C 

8,3 

South .  . 

North    . 
N.  82  W. 

.802 
1.000 

.809 

.645 

1 

.638 

.673 

.822 

.780 

2.2 

8.47W. 

2.3 

1 


1.37 

6 
7 
b 
9 
10 
II 
IJ 
1:j 
14 
15 
lU 
17 
18 
1!» 
20 
21 
2,» 
2-{ 
24 

2r» 
2«; 

27 
28 
29 
30 

Mfuus 


Dec. 


1 
o 

3 
4 

fi 

•fi 

7 

H 
10 
II 
12 
13 
14 
l-» 
IC 
17 
IH 


29. 

•J8. 
28. 


28. 
29. 
29. 
29. 
21*. 
29. 
29. 
29. 
29. 
2f». 
29. 
29. 
2J>. 
2I». 
2«>. 
2;». 

2i». 
29. 
29. 
29. 
29. 


5.VI 
9;W 
520 
547 
991 
225 
583 
317 
Ui7 
414 
490 
2.M 
4J7 
440 
144 
l«7 
028 
14(; 
(.76 
30;  J 
325 
2'.»7 
305 
172 
320 


..  I 


29.  474 
28.  8f;) 

28.  532 
28.6)0 

29.  01 1 
29.  :v4« 
29.  570 
29.  178 
29.312 
29.  048 
29.  47r> 
29.  3^-8 
29.431 
29.  :M2 
29.  2*N 
29.018 
29.  08  t 
29.  120 
29.  136 
29.271 
29.412 
29.221 
29.  3ill 
2V*.  Kio 
29.366 


2?».  120 
29.  (M4 
21 ».  249 
2  '.  157 
29.  075 
28.  285 

•Ml    i^MI 

2<».  37h 
2*».  378 


29. 


21».  'S,^ 
2!>.  4(1.3 
2}».  445 
29.  3<;5 
:J9.  2(il 
2!».  149 
28.  957 
29  .59  » 
•J't  Til.'i 


29.080 
29.  234 
29.  345 
29.  0«6 
29. 1  93 

28.  553 

29.  3<»3 
29.  42:J 

178 
232 
421 
495 
3tk^ 
360 
162 


29 
2lf 
29 
29 

29 
29 


29.  K  (1 
29.  224 
29.  682 


t  I 


29.  182  I  29.  177 


21».  Xi.\ 
'2r<.  833 

28.  650 
28  7.')8 
2!*.  072 
2*),  505 
29.318 

29.  073 
2i>.  415 
29.  (His 
2S>.  325 
2i*.  451 
2l».  488 
29.  2(»3 
21».  345 
2*i.  018 
21».  1  1  I 
2<<.  I  8.3 

2i».  :u»5 
29.  3i>2 
29.4  7 
2".».  257 
29.  2fi5 
2i).  188 
29.  284 


2t».  46!) 
2H. h79 
2H.  .56-7 

28.  6.55 
2<».  025 

29.  3.'»9 
2«».  492 
2f>.  I8!» 
2'.».  298 
29.  177 
29.  4:M) 
21^.  3«i.3 
29.  449 
29.  395 
2*».  261 
21^.  I '68 
2«».  073 

2^».  ik; 

29.  172 

2!».  ;'.9i 
2*«.  'J.')8 
29.  2*M ) 
29.  17.'. 
29.  323 


23 

;\\\ 

,47 

34 
33. 
29 
24 

I:c> 

30 
2'2 
2.5 

!32 

,18 

133 

'35 

42 

.30 

47 

30 

28 

28 

24 

17 
o 


37 

i4H. 

.56 

42 

,:t5. 

|3I 

32. 

1 42 

32 

'.32 

27 

;27 

26 
37 
46 
48 
48 
38 
32 
32 
32 
26. 
10 
13 


32 
4.5. 
40 

:w 

5  J!) 
|29 

52!) 
1.35 

|35 

130 
|o.) 

Il8 
128 
'29 
4«» 

,:t8 

l45 

132 

|:iO 
1-3 
130 


.) 


''25 


5 


!25 

)42 

.50 

141. 

•*• 
|.3-> 

26 

1^8 

,35 

•J4 

|2«i. 

133. 

2:1. 

,19 

,35 

:n 

1 45 
31. 
50. 
i3l 
IJ9 

26 

l1 


43 
66 
62. 

5  .50. 

5  43. 
:i5. 
3(; 
48 
36 
36 

5  :m). 

5  2i» 
5  33 

V8. 

3H. 

5-,> 


34.  5i 

.5<>  5 

5  47     , 

5  44.5i 

5  34     I 

532.5 

[•»♦) 

.W    I 

30.  5l 

531 
21 
20. 

5:  JO     , 

5  31 

;43    I 

53.  5  40.  5 


5  52. 
5  ;J9. 

.33 

34 
5  Xl 

28. 

ill. 

|14 


548 
5:i3     I 
31 

i25     I 
532 

5  26.  5( 


5 


6 


2*>.  197      29.  185    30.  0135.  0  30.  4  32.  6  :«>.  5|3,3.  1    :«.  1    63,  5  -(M    .  146 .  16^1  H< 


34.  2 
52.  8 
.5.3  2 
4.5.  5 
38.7 
.1.3.  3 
31.3 
41.7 
:tJ.8 
32  3 
29.  3 
2».  8 
25  7 
25.  8 
•35.  2 
41.0 
4(i.  3 
43.7 
41.0 
31.7 
29.3 
31,3 
27.0 
11.8 
7.3 


46 
63 
(LI. 
i.56 
lol. 
141 
40 

|:>4 

40 

41 

136 
134 
37 


»> . 


22 

31, 

5J44, 

':« 
530.  5 

j29 
124 
129 
128 
l2l 

24 
(22 

18 


35.5  15 

i4l     [28 
.53. 5  28 

:a 

55 
i52. 


33 
[28 

531 
28 

5  22 

:io.  5124 
26      -m 
16     !02 


40 
38. 
37 


KXI. 

I9y. 

(.H8. 
127 

i2»;.. 

1 1)6 

165 
|0i», 

int5 . 

Up 
162 

1  M. 

087. 

I6-J 

178. 

2-J8 

I5<». 

277 

i.V>. 

14;i. 

136, 

I  OH. 

1 8.3 . 


l.V. 
II 
36:j 
15<. 

im 

I2: 

\X 

If.' 

IJ" 

l;i'^ 

W, 

124 

llf 

liv 


'St* 

!.v; 

13 
1-J' 
1-Jti 

li'. 
!«' 


23:.".  J*'^ 


ii'' 
15.'. 


IrO. 

ItH. 
liOJ 


067.i'i3 


29. 
2!». 
29. 
29. 

2e. 

29. 
2i». 

29. 
29. 
29. 
29. 

2i>. 

2'i. 
29. 
28. 
29. 
29. 


(97 
.3(i3 
287 
075 
9(J7 
('.'.2 
3.5.3 
4^^ 
145 
226 
482 
.V<4 
.375 
36J 
167 
999 
435 
72(; 


29.099 
29.  194 
29.  2m 
21>.  0<»3 


,   I 


2t*.  0; 
2^  630 
29.  295 
21».  43() 
29.  234 
29.  22h 
2!».  394 
29.  497 
•J9.  :W(i 
2i>.  3f;2 
29.  197 
29. 1  83 
29^205 
29.  6(56 


11 

23 

^15 

12 

II 

34 

0 

(> 

10 

II 

16 

7 

13 

II 

18 

15 

•>7 

r 

9. 


23 
16 
20 

18 
2.3 
6 
16 
,22. 
1 16 

:i4. 

18 

23 

.  .^' 

-.4 

25 
26 
24 
5:i4 


21 

20 

8 

12 

17 

15 

4 

11 

21 

13 

13 

2 

5 

18 

22. 

•,'7 

16 

9 


12 
24 

16 
13. 

12 

:j5 
I 

7. 

II 

12. 
17 

8 

14 

12 

520 

16. 

28. 

10 
1 1 


23.5 


25 

117 
^  •••) 

20 

I  ''• 
5  17. 

24 

518 
15. 
20 
26 
30. 
i26 

5  27. 

5  26 
16. 

I  (hi 


5 


•■Kl 

•,»1.5 
9 

13 

i8  5 
16 
5 
12 

14     i 
5  14.51 

3     I 

t;.  5 

5  20     j 

|24.  5 

5|28.  5 

17.51 

5|I0     i 


19.2 
21  5 
14.0 
16.2 
16.8 
25.  3 
04.5 
12.3 
2J.  3 
14.8 
15.7 
10.3 
15.5 
20.8 
23.5 
24. 2 
24,0 
12.2 

\0\   il,    in    < 


26 

1^8 

'21 

24 

.3,5 

135 

llO 

119 

28 

Il9. 

i20 

127. 

'28 

31 

,27. 

29 

.32 

17. 


.  061 .  in; . 't>i  '■ 
.. .  112.  IC  .';*^! 

..  .074.('7r-  'i51." 

.(61    (•:*  .•T7.1'' 

...IKl.ll^    ('7<.'| 

.032.04'    '^'  '^ 

i.wo.ijTf.'*;''^ 

...057.  I'M.  11'' ""J 

...(;7?.(':-'."iif:j 
-U)  .(67.a-;'.i»:>; 

5  5.0r>l.l('T"^:-*^' 

5ll.5.t.7f;.l-^'i;-S 

15     .I3«».M«.'--^ 
A    \,y^^  iWLlliW 
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the  northern  and  northwestern  lakes  at  Marquette^  Michigan. 


VAPOR. 

• 

WIND. 

Amonnt  of 
cloadiiiecM. 

-  0 

§•0 

—3  ai 

5.2 

(0=cl»'ar 
Hky.) 
(10=^j«ky  en- 
lirtjlytover- 
cant) 

u 
h 

%-  a 
toDx 

< 

S  "" 

TTnraldity. 
Saturation  =  1,000. 

Direction. 
From  whence. 

Velocity 
miles, 
hoar. 

•.in 
per 

11 

o  - 

16  7 

• 

a 

a 
B 

g 

*    i 

* 

ce 

• 
■ 

a. 

• 

• 

a 
ce 
« 

a 

• 

a 

• 

• 

a 

• 
o 

a 
d 

25 

a 

• 

a 
c* 

25 

a 

OS 

u 

a 
d 

6 

• 

a 
p. 

w 
6 

a 

c. 
o> 

0 

a  fe-o 

-  =  2 

B  X  03 
< 

.  6.'3 

.422 

.611 

.S62 

RW 

SW 

Calm 

8  45  W 

.47H 

.477 

.  5i)5 

.517 

VV  . . . . 

NW.  . 

Calm.. 

25 

4 

0 

9.3 

N.84  W. 

6 

4 

10 



• 

.  765 

.HI7 

.  7.5.3 

.775 

E    .... 

NE  ... 

NW  .  . 

12 

25 

35 

14.3 

N.7  E.. 

10 

10 

4 

.75 

.  843 

.  \Hi() 

.  896 

.880 

N\V  . 

NW  .  . 

NW.  . 

25 

35 

25 

28.3 

N  45W. 

0 

0 

0 

.12 

.^87 

A'xO 

.7K2 

.760 

W  .... 

W  .... 

W  .... 

4 

12 

2 

6  () 

Wei^t... 

0 

8 

0 

.74« 

.,-77 

.744 

.689 

W 

SE.... 

w  . . . . 

2 

4 

2 

1.0 

8. 23  W. 

0 

0 

0 

.744 

.  172 

.  W9 

.  522 

SK.... 

SE 

SE  ... 

4 

4 

12 

6.7 

8.  45  E 

4 

4 

7 

.7m 

.  64 1 
.  424 

.483 
.  49) 

.637 
.  429 

SV.  ... 

o   ..... 
W  . 

SW  -  . 
SW 

12 
45 

25 
25 

12 
2 

14.0 
22  3 

Son  h . . 
8  60  W. 

0 
10 

0 
1 

0 
6 

.374 

•   »#*1^ 

.364 

.  524 

.477 

w  . . . . 

w    ... 

W  .  - . . 

4 

!2 

12 

9.3 

Wr-Ht .  .  . 

2 

6 

7 

.hyj 

.  6.-,7 
..563 

.610 
.  fii8 
.775 

.649 
.6  4 
.  636 
.  733 
.807 
.893 
.7:18 

.644 
.  702 
.  6.39 
.6-27 

.718 
.7-0 
.  785 

N\V.  . 
NW- 
N    .... 
N\V.  . 
Culm.. 

N 

N 

N\V^  . 
8W  -  . 

E 

N  W  .  . 
8W  .  . 
W  . . . . 
N 

NW  . 
Calm. 
VV    . . . 
Calm.. 
W  . . . . 

N 

N 

12 
12 
12 
12 

0 
12 

4 

4 
4 

12 
25 
12 
4 
25 

12 
0 

12 
0 

25 
4 
4 

9.3 

4.3 

4.0 

12.3 

11.3 

5  7 

11.0 

N.45W 
N.  64  W. 
N-rth 
N.45  W. 

S.76W. 
N.14  W. 
North  . . 

10 
1 
9 
3 
5 

10 
6 

8 
10 

1 
2 
8 

4 
8 

7 
4 
0 
8 
8 
10 
8 

.7o4 

.7I!> 

' 

.5.37 

.73?' 

.818 

.841 

.09 

.8m» 

.(>66 
.716 

.782 

.681) 
.781 

W  . . . . 

W.... 

SW  . . 

Calm.. 
S     .... 

4 
4 

4 
4 

0 
4 

2.3 
.3.0 

N.66W. 
S.  45  W. 

6 
2 

3 

8 

0 

8 

.84.5 

.7!»7 

.773 

.  r>i!e 

.640 

.  ma 

.863 
.893 
.792 

.7?'8 
.  75«» 
.779 
.777 
.893 
.893 
.  746 

.786 
.718 
.727 
.772 
.  836 
.893 
.8'!8 

W.... 

s 

w.... 

Culm.. 
W  . . . . 
w  . . . . 
w  . . . . 

W  .... 

s 

E 

NE.... 

W  .... 
NW.  . 
W.^.. 

Calm.. 
Calm.. 
W  . . . . 

8 

W  .... 

E 

Culm.. 

2 

12 

2 

2 
25 

4 

0 

0 
o 

A. 

4 
4 

4 

0 

1.3 
12.3 

2.3 
4.0 
1.3 
1.3 

WeKt... 
South  . . 

S.24e' 
Went... 
N.  45  W. 
VVeHt... 

6 
6 
4 

10 
6 

10 
6 

6 
0 
3 

4 
6 
8 
4 

2 

0 

0 

10 

10 

10 

0 

.H07 

.  7t»'2 

.843 

O'    i 

.  7.'»3 

4 
4 
2 

4 
4 

2 

.&^i 

.887 

.10 

.834 

.841 
.771 
.701 

.794 
.818 

.  82:i 
.781 
.847 

E 

N 

N 

w 

Calm'.. 
NW.  . 

W  ... 

N 

NW. 

o 

2 
12 

4 

0 

12 

4 
4 

25 

2.0 

2.0 

15  3 

We^t... 
North  . . 
N  M  W. 

4 

8 
10 

6 

10 

8 

10 
10 

8 

.7.>4 

.840 

.24 

].ao 

.816 

.760 

.  825 

N\V.  . 

NW.  - 

SE... 

4 

•  •  •  - 

4 

4 

1.3 
4,2 

N.45  W. 

4 
.5.5 

2 

4.9 

0 

• 

.26 

.7yi 

.6.51 

.736 

.714 

N.77  W. 

4.9 

1.56 

.804 

.800 

.860 

.821 

NW  .  . 

SW  .  . 

SW  .  . 

25 

12 

25 

•  •  «  ■ 

14.7 

8.  79  W. 

2 

6 

2 

.868 

.746 

.787 

.»J0 

svv  .  . 

NW.  . 

W  . . . . 

25 

25 

2 

12.  5 

W.■^t.. 

1 

8 

4 

.829 

.8.34 

.784 

.816 

svv  .  . 

NW  .  . 

W  . . . 

12 

25 

2 

10.0 

N  72  W. 

6 

6 

4 

•  is 

.721 

.7JI 

.810 

.751 

SNV  .  . 

SW  . 

Calm.. 

2 

4 

0 

1.7 

8.74  W. 

6 

2 

2 

.804 

.702 

.  76.5 

.757 

NW.  . 

•SE   ... 

.SE  .. 

25 

12 

25 

4.0 

8.  45  E 

4 

2 

6 

.898 

.746 

.82'J 

.  824 

vS 

NW  . 

NW. 

2 

45 

25 

23.  0 

N.46  W. 

6 

0 

2 

.32 

.71J7 

.666 

.750 

.7<'6 

NW. 

NW.  . 

NW  .  . 

12 

25 

25 

20.  7 

N.45  W. 

0 

6 

4 

.6»J() 

.  7:'7 

.804 

.  740 

W  . . . 

\V   . . . . 

W  .... 

12 

12 

12 

12.0 

Wt'Hf  .     . 

0 

6 

4 

.797 

.^m 

.860 

.8>(J 

Calm.. 

Calm . . 

SW  . 

0       0 

25 

8.3 

S.  45  W. 

6 

6 

4 

.711 

.682 

.816 

.736 

\V  . . . . 

W  .... 

W  ... 

12       4 

6.0 

We-.t.. 

6 

0 

0 

.04 

.834 

.8. '6 

.7:J0 

.797 

NB.  . 

K 

NE  .  .. 

4 

4 

12 

6.3 

N.  ,5:1  B 

8 

8 

6 

.18 

.777 

.  7i.2 

.7:J0 

.736 

N 

Calm.. 

S  E . . . 

4 

0 

1.0 

N.28E 

8 

0 

0 

.816 

.tuH 

.  647 

.  699 

S 1 

S 

S 

4 

12 

2 

6.0 

South  . . 

4 

I 

0 

.8m 

.628 

.7  2 

.711 

8 

8 

Calm.. 

o 

2 

0 

1.3 

Sonih .. 

6 

1 

10 

.71  hJ 

.876 

.742 

.  773 

N 

8 

Calm.. 

4 

4 

0 

•  •  • 

10 

6 

10 

.748 

.  8J4 

.829 

.800 

W  . . . . 

E 

E 

4 

4 

4 

1.3 

EaMt  . . 

1 

6 

10 

.26 

.  e«* 

.  7.-,4 

.757 

.78) 

CKlm.. 

W  .... 

N 

0 

12 

ii 

'4.3 

N.72  W. 

10 

10 

10 

.22 

.896 

./ip^i 

.791 

.7.56 

W  . . . . 

W  .... 

W... 

4 

4 

2 

3.  3 

West . . 

5 

5 

0 

.797 

.  7il 

.812 

.777 

8 

8 

8 

2 

2 

12 

5.3 

South.. 

10 

10 

10 

.675 

.t»8i) 

.  702 

.686 

W  . . . . 

VV  .... 

W.... 

25 

4 

4 

li.O 

WvHt     .. 

8 

8 

5 

.28 

.716 

.7:t8 

.8:J4 

.763 

s 

w    ... 

E  . 

2 

2 

12 

3.7 

8.  79  E 

4 

10 

10 

,12 

.  77.'j 

.  (i.'>9 

.761 

.  732 

NW  . 

NW.  . 

NW  .  . 

2 

4 

12 

6  0 

N  45  VV. 

10 

10 

10 

,43 

.768 

.6tJ9 

.598 

.678 

N  VV . 

SE... 

8E.... 

4 

2 

25 

7.7 

8   45  K 

10 

8 

10 

.17 

.716 

.644 

.6H4 

.681 

s 

VV  . . . . 

N     .. 

2 

12 

2 

4.0 

We^t  .. 

10 

10 

10 

.fi.'W 

.816 

.675 

.717 

8E.... 

w .... 

NW. 

25 

2 

12 

4.0 

8.  37  W. 

10 

8 

0 

.21 

.784 

.It  5 

.746 

.  765 

W  .... 

Calm.. 

E.   .. 

4 

0 

12 

2.7 

Eaj«t  .. 

9 

10 

10 

• 

.11 

.76C 

.716 

.765 

.750 

w  . . . . 

W  .... 

W  .... 

2  !  12 

4 

6.0 

WfKt.. 

9 

7 

10 

.816 

.82:t 

.784 

.808 

w ... 

w    ... 

W  .... 

4       4 

25 

11.  0 

WPHt    . 

10 

4 

0 

.850 

.r»i3 

.692 

.715 

NW  .  . 

NW  .  . 

NW. 

2       4 

12 

6.0 

N.45  VV. 

1 

6 

0 

.7H0 

.  622 

.716 

.706 

W  . . . . 

8 

W  . . . . 

2       2 

2 

1.7 

S.  66  VV. 

1 

6 

0 

.629 

.610 

.783 

.671 

SW  . 

8 

SW  . 

35      12 

4 

16.0 
4.2 

S.  :}5  W. 
N.59  W 

0 

0 

0 

5.  t. 

.772 

.724 

.759 

.752 

•  •  •  •       •  •  ■ 



5.8 

6.0 

2.33 

\ 


1078 


REPORT   OF   THE    SECRETARY   OF   WAR. 


Reductions  of  the  monthly  meteorological  register  of  the  suntff  •/ 


Date. 


1867. 
Jan. 


2 
3 
4 
5 
6 
7 

e 

9 
10 

11 

12 
13 
14 

15 
16 
17 
18 
1!) 
2t) 
21 
22 
2tJ 
24 

2:» 

27 
2H 
29 
30 
31 


Means. 


Feb. 


1 
2 
3 
4 

5 

6 
7 
8 
9 
10 
11 
12 
13 
14 
l.'i 
16 
17 
If* 
19 
20 
21 
2\J 
23 
24 
2.5 
2<i 
27 
28 


Means 


Baromptpr  reduced  to  temperature 
of  32^  Fnhr.,  f  xpreHitod  In  United 
States  inches  and  decimals. 


TEMPEKATURK— FAHREKHKIT. 


29.768 


2J>. 
29. 
29. 
28. 
2<.>. 
2V». 
29. 
2l>. 

2l>. 
29. 
21>. 

'10 

«««'  • 

2i». 
t.»9 
29. 
29. 

2!^ 

29. 
29. 
29. 
29. 
-'9. 

2i>. 
29. 
29. 
29. 


fi25 
3  0 

1282 

9«r7 

281 

466 

(>8rj 

\M 

970 

198 

620 

(J82 

3.« 

4-J6 

299 

6.')7 

826 

478 

04.') 

(144 

360 

.'■^8>» 

712 

0(iO 

166 

4J5 

.V)l 

6:«> 

6J6 

193 


29.  .302 
28.  982 
v8.  8  2 

28.  8.>4 

29.  262 
2;».  498 
29.  .'186 
29.  206 
29.  3(;9 
29.  7*J6 
29.  .VJi 
29.  -188 
29.  122 
29.  67.-) 
29.  .')74 

28.  937 

29.  472 
29.  I.W 
2'^.  549 
2«».  319 
29.  2.38 
29.  582 
'2ri.  877 
2<).  325 
29.  465 
29.  h(H) 
29.  692 
29.  31^8 


a 


29.741 
29.  325 
29.  2  3 
29.  247 
2'.».  080 
29.  :J84 

29.:wi 

29.  190 
29.  029 
28.  955 

29.  :i:k» 


29 
29 
29 


.54  N) 
13) 
254 
V9.  :W4 
2i».  2^*4 
29.  784 
29.  695 
29.  .CW 
28.  921 


18 
408 
598 
595 
8(n» 
186 
483 
4(i8 
29.  6:J2 
29.481 
28.  945 


2;v 

29 
29. 
29. 
28. 
29. 
21». 
29. 


29.  7(^8 
29. 3M 
29.214 
29.140 
29.266 
21».  453 
29  194 
29.214 
29.  027 
29.  037 
29,  520 
29.2:» 
29.281 
29.266 
29.  3i'6 
2'».  445 
2«».  879 
29.610 
2i>.  200 
28.951 
2!>.  248 
'.»!*.  487 
29.  ()60 
29.  59? 
28.  970 
295 


29 
2i».  5.56 
2<».5I4 
29.  676 
29.  .306 
28.  992 


29.  :J59     29.316     29  342 


29.254 

28.  763 
28.  8:i:{ 

28.  828 

29.  326 
29.  474 
2i).  2f  8 
21».218 
29.  .3:i,5 

909 
49> 
:}83 
08.' 
7«K) 
29.  282 

28.  995 

29.  434 
29.  324 
29.  .35 » 
2i».  3:W 
21».  :J87 

479 
752 
410 
410 
(584 


29. 
29. 
2<«. 
2il 
29. 


29 
28 
29 
21» 
2i» 


2*>.  .>8 
29.  2*»3 


29.216 
28.  im 
28.  899 

28.  997 

29.  346 
29.419 
29.  2'13 
29.  279 
29.  524 
29.  8.3 ) 
29.  549 
29.  :fc«8 
29.  4r*4 
29.  703 
28.952 
29.212 
29.  :rJ8 
2!».  46» 
2»>.  280 

^  29.  373 
2"^.  526 
29.  202' 

28.  980 

29.  477 
2V>.  4.52 
29.  fH\i 
29.488 
21>.  208 


e 

V 


Wet  Imlb.  or 

point  of 
evaporation. 


29.739 
29. 400 
29.  239 
29. 22:} 
29.  104 
29.373 
29.  3:10 
29.  163 
29.  06i> 

28.  987 
29.349 

29.  4.53 
29.  164 
29.284 
29.  3«*>5 
29.  :M3 
29.  7TJ 
29.710 
29.  337 
i'8.  972 
29.  137 
29.418 
29.613 
29.  6:15 
28.944 
2<).2I6 
29.  488 
29  511 
29.  (J49 
29.  4'»1 
29.043 


5 


Dry  bulb,  or  tem- 
perature of  the 
open  air. 


-  3 
3 

15 

25 

30 

21 

II 

22 

16 

11 

8 

4 

25 

16 

15 

9 

-16 

-  3 
13 
17 
14 
14 
12 
21 
25 
16 

5 

-  1 
-10 

-  1 
14 


o 
6 
16 
25 
2;) 
26 

2.3 

21 
21 
10 
12 
21 
23 
26 

"I 

15 
22 
19 
16 
16 
21 
26 
2t> 
13 
13 

8 

3 
13 


o 

5 
11 
27 
30 
23 
18 
23 
22 
15 
10 

6 
24 
20 
23 
19 

-  8 

-  5 
13 
22 
2i» 
12 

8 
29 
27 
22 

8 
10 

I 

-  5 
19 
34 


• 

B 

• 

9t 

0. 

e^ 

c* 

0 

0 

2 

9 

4 

21 

17 

30 

a. 

6. 
a» 


29 
31 
24 
12 
24 
18 
13 
10 

6 
27 
18 
17 
11 
-15 
-  2 
16 
21 
16 
17 
14 
24 
27 
19 

7 

0 
-10 

0 
16 


3:j 

30 
26 
27 
25 
25 
13 
15 
24 
26 
29 
28 
11-7 
-2-3 


7 
14 
31 
34 
25 
21 
26 
25 
18 
12 

8 
25 
23 
27 
21 


a 
a 


a 


18 
25 
2:i 
20 
20 
24 
30 
27 

Hi 
16 
11 


16 
25 
23 
17 
12 
31 
28 
25 

9 
12 

2 


5-4 


16 
37 


20 
37 


04.7 
1.^0 
26.0 

:^2.o 

28.7 
23.7 
21.7 
24.  7 
20.3 
12.7 
11.0 
18.3 
25.3 
24.7 
22.0 
(h5.0 

-06.7 
10.7 
22.0 
22.3 
17.7 
16.3 
23.0 
27.3 
26.3 
14.7 
11.7 
04.3 

-  0.  3 
12  0 
3v».0 


TAroE. 


Ela«tfcitv,inU..S. 
Inche*  and  dee:- 
mali. 


a 

3 


11 

23 
3:j« 
36 
42 
29 
29 
31 
31 
19 
18 
27 
:i4 
.3:1 
31 
23 
1 
21 
27 
27 
24 
2il 
28 
31 
29 
27 
21 
15 
12 
22 
42 


-  3 

4 
12 
28 
2.5 
16 
12 
21 
17 
12 
8 
5 
23 
18 
1.^ 

—  7 
-16 
I-  4 

15 

15 

13 

12 

12 

21 

24 

7 

6 
_  •> 

-II 
5 
16 


I 


026. 

u:;8. 

OKI. 

089. 

1,V>. 

079. 

061 

095 

067[. 

049, 

040. 

o»j; 
112, 


!.  otr; 


29.  .3:)9    U».  6  17.  9  1 5.  6  13  2  21 .  2  18.  1 


29.257 
28.  843 
'2^.  445 

28.  893 
29.311 
2!».  464 

29.  3  « 
29.  234 
29.  409 
29.  845 
29.  5:M 
29.  42:j 
29.  229 
29.  693 
29.  tifhf 
29.  048 
29.415 
29.  313 
2i>.  :W4 
29.  .34 1 
2;^.  :J84 
21*  421 

28.  870 

29.  404 
29.  442 

2'.>.  6»;i> 

29.  .589 
29.  296 


21 
28 
13 
28 
22 
II 
28 
31 
-  4 
-II 
18 
34 
3() 
24 
27 
26 
18 
3) 
•)> 

26 
25 
20 
31 
8 
7 
17 
')•> 

34 


28 

19 

28 

26 

3J 

18 

30 

30 

28 

18 

24 

24 

42 

34 

21 

10 

0  . 

-  5 

6 
32 
.37 
42 
25 
30 
M) 

a3 

.3:1 
26 
29 
2i> 
21 
32 
14 
28 

:k) 

.37 
38 


7 
32 
37 
30 
26 

;  :J5 
26 
31 

:  29 
2(i 

i  J45 
20 
2<i 
24 
12 
25 
29 
32 


r. 


24 
31 
14 
29 
24 
13 
32 
:16 
-  3 
-11 
21 

:i8 

37 
27 
29 
29 
24 
3:) 
2) 
2l» 
27 
22 
32 
11 
8 
19 
24 
37 


29 
30 
33 
31 
32 
29 
45 
24 
2 
8 
37 
41 
43 
28 
3;i 
35 

:w 

37 

2i> 

:« 

34 

28 

:i6 

18 
32 
35 
44 
43 


20 
29 
20 
30 
20 
28 
40 
13 
-  4 
9 
36 
40 
34 
29 
37 
31 
.34 
M 
28 
27 
2:1 
29 
27 
15 
27 
.30 

:i5 
:i6 


-  5 


:.o«:i. 

1.  043 , 
.  Ol» 
.lr2»ii 
.044 
.049 
059, 
048, 
(152. 
07i*, 
112. 
056. 

o:j2. 

030. 
0^7. 
(•30. 
050. 


(K>3 
OrtiJ 

114 

fJ95 
07  J 

067 

UM 
04 1; 

(»*i« 

lOri^ 

10 

02^ 

0-..ti 

05-.' 

0?4 

a> 

044 
044 
t/79 

095; 

129 
044 
044 
O** 
1.27 
(44 
157 


(02. 
(tj7 

101 

'"•'1 
Kll; 

Uri5 

(i8;i 


C57t 

tOlil 

}«^| 

117; 

«l7i. 

.(/TS; 
0*4. a?t 

U5:>.(«* 
04»i.«>t3i 

034.  (a*i 

Il7.07i] 
074  (Mij 
Ii2.«y5 
08i».(??l 
018  (»i 
Ol-'.«!l« 
044.  <M1 
•  84. (/7l 

074.  oo» 

Olf-.(MO 
017.6* 
1:57.  (W 
1.36,.  I'3 
Or-i.  U^ 

a5ii.ojo 

046.  (Ml 

>rM\.iia\ 

(«»!.  (Iu5{ 

157 .  m 


17.5  ;  42    -16    .  058  .  06ti .  uTiMJto 


29.341     29.307  1  29.333     29. 3;.'7    17.628.024.22.3.231.627.0 


24.3 

30.0 
22.3 
30.0 
2-5.3 
23,3 
39.0 
24.3 
-01.7 
02.0 
31.3 
.39.  7 
38.0 
28.0 
32.7 
31.7 
32.3 
34.0 
27. 3 
29.3 
28.0 
26.  3 
31.7 
14.7 
22.3 
28.0 
34.3 
38.7 


39 

32 

35 

3:1 

34 

32 

47 

42 

13 

10 

40 

43 

45 

35 

38 

40 

41 

42 

33 

.34 

35 

35 

41 

29 

.3:1 

38 

45 

46 


30 
16- 
13 
17 
21 
13 
27 
13 
-  5 
-11 

9 
37 
34 
:36 
29 
27 
23 
25 
25 
26 
33 
18 
27 
10 

8 
19 
24 
34 


,079 

,  119 

,067 

142 

095 

049 

loe 

116 

025 

026 

065 

144 

IS»9 

095 

124 

106 

030 

13  i 

084 

lt6 

112 

095 

162 

U38 

04'* 

(•71! 

095 

157 


142 

13 

13;: 

1.55 

U** 

(.72 

228 

079 

0»i 

034' 

1161 

16^. 

2.54 1. 

lOlk 

144 

U9i. 

ll(». 

136. 

lb. 

I26l 

033. 
IJ!** 

(crr 

108 
l(ft» 

164. 

L 


«K>.104 
.  106.  lie 
076 .  («e 
167'.  135 
<.7t;.(S3 
fJKli.  Otf 
1 1?!.  151 
1134.  (»76 

(KinUa 

(jci7.(re 

\'£*\.  KJ 
I 81 L  164 
121:.  191 
ilW.  IW 

m .  145 

]39>.(fl>3 
126*.  131 
117.  l(K 
1 12;.  145 
(I74US6 

I  »5L  l» 

(mi.«^ 

II2.(W 
I1.1.(JW 
1421  l« 
I49L157 


27.4  !  47  i-11    .096. 118.  1(15,.  106 
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the  northern  and  northwestern  lakes  at  Milwatdtee^  Wisconsin. 


VAPOR. 


Haroidity. 
Saturtttion  =  1,000. 


S 


.671 
.740 
.671 
.5.56 
.893 
.610 
.804 
.7:W 
.68J 
,6  Si 
.  .58  v» 

.7«;i 

.68;; 
.671 
.^M 
.AZi 
.671 
.492 
.431 
.633 
..5  9 
.635 
.610 
.761 
.511 
..•S38 

1.000 
.695 
.659 


.649 


.610 
.685 
.816 
.887 
.TW 
.62:1 
.594 
.550 
.658 
l.UW 
.570 
.628 
.90;J 
.641 
.775 
.663 
.  235 
.703 
.  622 
.6»J5 
.761 

.7:« 
.ftw; 

.  398 
.777 

.738 
.712 


.688 


.356 
.2J)3 
.  465 
.606 
..)«9 
.515 
.5-29 
.  SIX) 
..500 
.438 
.475 
.610 
.  6 14 
.  665 
.  6.'>5 
.  .kHj 
.671 
.525 
.622 
.467 
.412 
.412 
.610 
..5K9 
.881 
.492 
.  492 
.3PB 
..50) 
.492 
.712 


.5.31 


.887 
.782 
.70r{ 
.  893 
.594 
.449 
.762 
.  610 
,4.38 
..553 
..527 
.653 

.iM6 

.  6.55 
.  794 
.  537 
.463 
.6.9 
.665 

.6m 

,  524 
.215 
.611) 
.371 
..594 
.  537 
.446 
.587 


.538 
.4.57 
.582 
.617 
.746 
.570 
.634 
.6-22 
.  ,525 
.610 
.553 
.872 
.598 
.761 
.712 
.594 
.317 
.492 
.  622 
.598 
.192 
.229 
,788 
.883 
.  6-22 
.784 
.610 
.718 
.  M5 
.8.iO 
.712 


.615 


.610 


.8.50 

.mb 

.  702 
I.  OIK) 
.702 
.543 
.476 
.43^ 
.645 
.5«)8 
.610 
.  732 
.617 
.665 
.8^)7 
.480 
.712 
.694 
768 
761 
598 
665 
644 
475 
761 
675 
698 
705 


I  —. 


s 


.522 
.497 
.573 
.  593 
.736 
.  565 
.6,56 
.620 
.569 
.557 
.537 
.667 
.664 
.  703 
.679 
.529 
.470 
..5ii3 
.579 
.499 
.  421 
.:183 
.678 
.687 
.7.54 
.606 
.547 
.6)4 
.715 
.679 
.694 


.598 


.782 
.711 
.740 
.927 
.678 
.5.38 
.611 
.533 
.580 
.707 
..569 
.671 
.845 
.  655 
.  792 
..561 
.47.) 
.672 
.685 
.707 
.628 
.  539 
.717 
.415 
.711 
.  ilXt 
.  627 
.6tW 


WISD. 


.666 


.635 


Direction. 
From  wbeuce. 


Velocity,  in  ^  5 
mileM,  per  .2  .= 
hour. 


Im 


S 


S 


a 


NW... 

CmIiu.  . 

.sw   .. 

Calm .  . 
N.NE 
N.NW. 
Calm  . 
N.NSV. 
Culin  . 
N.NE  . 
Calm  . 
Culm  . 
VV.  NW 

N 

Calm . . 
.NW  . 
N.NW. 
Culm .. 
Culm.  . 

E 

4^  •  •  •  • . 
Calm.  . 
Calm.  . 
Culm.  . 

E 

N.NW. 
NW    .   i 
W.NW; 
W.NW 
Calm.  .1 
Calm .   I 


W.  N  W 

sw ... 
8W  ... 
Calm  .. 
N.NW. 
NW  . 
Calm  .. 
NW... 
N.NE  . 
NW... 
NW.  .- 
SE  .  .. 
NW  .. 
E.SE  . 
S..SW  . 
NW.  .. 
NW.  .. 
Calm.  . 
Calm  . 
E.NE  . 
N.NE.. 
NW.  -. 
NE... 
Calm. 
E.NE. 
NW  .. 
NW  .. 
W.NW 
W.NW 

s.sw . 
s.sw 


w.sw 

Calm .. 
SW  ... 
Calm  .. 
NW... 
Calm  . . 
Cam  .. 
(lalrn.. 
N.NE  . 
W.NW 
Calm  . . 
8E  .... 

NW... 
E ..... . 

SW  . 
N.NW. 
NW... 
Calm  .. 

E 

NE  ... 
Calm  .. 
Calm  . . 
Calm  . . 
SE    ... 
N.NW. 
NW.. 
W.NW 
W.  NW; 
Calm  ..I 
SSW 
W.NW 


0.7 

0 

0.5 

0 

1.4 

1.2 

0 

1.1 

0 

0.2 

0 

0 

l.O 

0.2 

0 

1.5j 

2.41 

0 

0 

2  9 

I.  1 

0 

0 

0 

.5.0 

3.0 

2.0 

0.9 

0.2 

0 

0 


0.6 
2.9 
1.0 

0 
1.6 
1.5 

0 
1.0 
0.2 
0.2 


§; 


e»    K- 


0.2    1.0 
0    1.0 


0.4 
0 


0.6 
0.0 


0. 

3. 
•> 

A.* 

0. 

I. 


4.0 
3.1 
U 
0 
3.0 
1.0 
0.5 
0.2 
0 
2.4 
3.5 
1.8 
1.4 
1.4 
0.7 
0,2 


1.21  1.3 

0'  1.0 

0|  0. »' 

0    1.0' 

0.7    0.2 

0.41  0.2 

0{  0.  1 

5.  I    2.7 

0.5'   1.0( 
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Reductions  of  the  monthly  mfJeorolngical  register  of  the  siirrrif  of 
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he  northern  and  northwestern  lakes  at  Mdwaukee,  Wisconsin, 
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Ciiwl.) 

0    •  a 
S»E 

««  e  a 

• 

S 

a. 

S 
d 

(3 

• 

E 

Q. 

• 

a 

• 
a 

• 

S 

cd 

E 

• 

a 

• 

• 

S 

OS 

a 

• 

• 

• 

a 

fl  c  2 
S  X  a 

r* 

c» 

9» 

S 

t^ 

0* 

05 

NW... 

0.5 

a 
1.9 

2.7,  1.3 

Oi 

10 

CI 

10 

o> 

< 

< 

.8-29 

.767 

.5'0 

.702 

s.  sw 

W.NW 

0 
N.57W. 

9 

.'Jr2f< 

.304 

.327 

.  32<» 

N  N  \V. 

N.  .NE.,  Calm.. 

2.5   1. 1. 

{) 

l.l' 

N.  9  VV 

10 

9 

10 



.584 

.  62-2 

.7;J8 

.648 

SK  ... 

E  SE.    Culm.. 

0.  5;  0.  7 

0 

0.  3!  S.  63  E 

10 

10 

10 

.13 

.816 

.:i37 

1  .  457 

.  533 

NW   . 

NW..   1  Calm.. 

0.2'  1.9 

0 

0.7  N.45W 

0 

0 

0 

.640 

.  235 

1  .475 

.  45 ) 

W.NW 

NW  .   ;  (!Hlm.. 

0.6   0.5 

0 

0..3    N.57W. 

0 

0 

U  1 

.  556 

.556 

.  556 

SK.... 

E.  NE  j  E.  NE 

l.3|   1.0 

0.7 

0.7    N.79E 

10 

10 

10  1    ... 

.730 

.7JM 

.610 

.711 

N.NW. 

W  NW    Calm  . 

0.4 

1.0 

( 

0.3,  N.73W. 

10 

10 

0  j 

.648 

.55ri 

.  6-22 

.609 

ChIiu.. 

Calm..    Calm.. 

0 

(. 

0   O.l' 

Calm. .. 

10 

9 

•-i  I 

.6-22 

.617 

.8'^ 

.712 

(Jalin.. 

SE  ..      SE  ... 

0 

0.8 

1.3    0.7 

8.  45  E 

10 

9 

10 

•  ^*  •  •  • 

.7^7 

.  f.4.5 

.510 

.6,)0 

S.  SE. 

W.NWr  NW  . 

0.  5'  2.  8 

2.2    1.3 

N  59W. 

10 

10 

10 

.C9 

.358 

.  433 

.556 

.449 

N.NK 

NE  ... 

E.  NE 

1.5  3.0 

3.0  2.:j 

N.5<»E 

10 

8 

10 

.644 

.449 

.644 

.579 

E.  NE  1  NE  ... 

Cnhn.. 

1.5   3  3 

0    1.3 

N.  53  E. 

10 

i 

9 

.23 

.4:J8 

.480 

.438 

.  452 

W.NW    W..NWJ  W.NW 

4.3   4.8 

2.5  3.7 

N  67  W. 

1 

1 

0 

.6.i7 

.  2.'k') 

.:J77 

.4.^0 

W.NW 

W.NW 

W.NW 

1.0,  2.3 

•  '.2,   1.2 

N.74  W. 

0 

0 

0 

.7iM 

.  260 

.6;m 

.  5h2 

W.SW 

W.  SW 

8  SW 

0:5   2.5 

0.4    I.O 

S.  65  VV. 

0 

0 

5 

.868 

.  890 

.746 

.  8.35 

Calm.. 

E.  SE 

W.NW 

0   1.3 

0.3;  0.3 

S.  75  E. 

10 

10 

8 

.28 

.  36:^ 

.  3l»8 

.568 

.445 

NW..      NW  .. 

Calm.. 

4.  0  2  5 

0.  2.2 

N.  45  W. 

0 

0 

() 

.582 

.380 

.  378 

.447 

W.SW;  W.SW 

Calm.. 

0.4    1.5 

0   0.7 

S.  73  W. 

0 

0 

0 

.71-> 

.  6-28 

.890 

.743 

C.tlm.. 

SE.... 

C^alra.. 

0   0.8 

0;  0.3 

S.  45  E. 

0 

2 

>» 

^ 

.4^ 

.  527 

.  527 

.517 

o  E  . .' .  . 

E.  NE 

E.SE 

1.  3,  2.  0 

1.0 

1.2!  8.  80  E. 

0 

2 

3 

.510 

.617 

.794 

.640 

E.  NE 

E.  NE 

Calm.. 

1.0;  1.8 

0 

0.7 

N.  81  E. 

10 

10 

8 

.03 

.55(J 

.  628 

,7«ri 

.6-27 

Calm.. 

SE  ... 

SE. . . . 

0  0.5 

0.2 

0.2 

8.  45  E. 

0 

3 

0 

.81)0 

.  6:16 

.  797 

.744 

Calm.. 

E.  SE 

Calm.. 

0   0.4 

0 

0.  1 

8.71  E. 

10 

10 

10 

.79-2 

.675 

.665 

.711 

Calm.. 

NE... 

NW.. 

0   2.6 

0.5 

1.0 

N.  29  E 

10 

9 

10 

.42 

.5-25 

.  303 

.415 

.414 

ChUu.. 

E.  NE 

E 

0   0.4 

0.8 

0.2 

N.  82  E 

0 

0 

10 

.582 

.  782 

.768 

.711 

SE  ... 

E.  SE 

E 

1.5   3.0 

2.1 

2.0 

S.  7<»E 

10 

10 

10 

.63 

.644 

.5H2 

.5-29 

.  585 

N.  NE. 

NE  ... 

Calm.. 

0.7   4.0 

0    1.6 

N.38  E 

10 

10 

0 

.431 

.550 

.685 

.  555 

Calm.. 

NW..      NW.. 

0   2.0 

0.2   0.7 

N.  45  W. 

0 

0 

0 

.610 

.628 

.  4;.2 

.  557 

NW  ... 

NW  .      NW  . 

1.5  3.6 

3.0  2.7 

N.45W. 

0 

0 

0 

.880 

.420 

.45i 

.  583 

NW.. 

W.NWl  W.NW 

2.5  3.0 

0.5    1.7 

N.61  W. 

0 

0 

0 

.524 

.522 

.379 

.475 

W.NW    W.NW    W  .... 

0.2 

1.0 

0.7 

0.7 
0.4 

N.77W. 
N.  22  W. 

1 

5.3 

9 
5.4 

10 
5.1 

.624 

.521 

.583 

.579 

■  •*■•■•• 

ijei 

.617 

.550 

.553 

.572 

N.NW 

4.0 

1.3 

N.22W. 

9 

10 

0 

.6<i6 

.547 

.  610 

.588 

E.  SE 

1 

0.  4    0.  1 

S.  71  E. 

0 

.    5 

9 

.  r,3H 

.756 

.705 

.699 

SE  ... 

N.  NE 

N.NE 

0.  5,  0.  8 

2.0  1.0 

N.  19  E. 

9 

10 

10 

.22 

.895 

.726 

.712 

.  778 

N.NE 

NW   .      NW  . 

5.3    1.6 

3.  Oj  3.  0    N.  7  W 

10 

JO 

10 

.768 

.244 

.462 

.491 

NW   . 

N.NW.    W.SW 

3.4    3.4 

0. 3   2.  7    N  57  W. 

10 

0 

0 

.04 

.510 

.386 

.  420 

.439 

W.SW,  W  .... 

W  ... 

0.9 

4  8 

2.3 

2.3    S.  87W. 

5 

0 

10 

.527 

.357 

.712 

.£32 

NW...    E.  SE 

Catlm.. 

0.  1 

0.3 

,     0 

0.  1    Eaut 

1 

5 

10 

.24 

.802 

.500 

.628 

.640 

NW...'  NE... 

Calm.. 

0.2 

1.  1 

0 

0. 3    N.  35  E 

10 

3 

0 

.703 

.522 

.610 

.612 

Calm..    Calm.. 

Calm. . 

0 

0 

0   0.0    Calm... 

0 

2 

0 

.450 

.343 

.617 

.47«) 

N 1  N.NE 

N.  NE 

0.5 

5.  1 

2.4    2.7    N.  19  E 

10 

10 

0 

•••••• 

.582 

.5iH) 

.712 

.598 

Calm..'  SE 

Calm.. 

0 

i).>^ 

Oi  0.  3    S.  45  E 

0 

0 

0 

.  G'i!* 

.3«i6 

.581 

.505 

Calm..    SW... 

Calm.. 

0 

2.  3 

0 

0.  7    S.  45  W. 

0 

0 

0 

.66«J 

.388 

.515 

•.  524 

Calm..!  SE 

Calm.. 

0 

0.7 

0 

0.  2    S.  45  E 

0 

10 

10 

.691 

•.  64 1 

.790 

.  7  7 

Calm.. 

S 

S.  SE  . 

0   2.3 

1.2    1.0    S.  7  E.. 

10 

10 

10 

.11 

.843 

.743 

.  829 

.805 

Calm   . 

Calm.. 

X.  N  E . 

0       0 

I.  7   0.  7    N.  17  E 

10 

y 

10 

.C6 

.777 

.  4H3 

..563 

.611 

N.NE 

E.  NE 

Calm . . 

2.6   0.5 

0    1.0    N.*25E 

10 

0 

0 

-•-••. 

.307 

.  186 

.386 

.293 

N 

SE  ...    Calm.. 

0.5   0.9 

0   0.2    S   71  E 

0 

0 

0 

.  372 

.450 

.376 

.399 

E.  SE 

SE... 

S 

0.9    1.5 

1.0   1.0,  s. :«  E 

10 

5 

5 

.66; 

.445 

.710 

.  605 

Calm.. 

SE  ...    Calm.. 

0   0.5 

0  0.  i;  S.  45  E 

8 

0 

8 

.411 

.  85 » 

.471 

.577 

W W.NW    NE  ... 

3.  1    4.  5 

0.5  2.3    N.73W. 

0 

I 

2 

.587 

.  7:^2 

.792 

.704 

8E  ...    NE  ... 

N.  NE 

0.5   0.9 

3.  3,  0.  71  N  79  E 

2 

9 

10 

.788 

.  .Mo 

.685 

.674 

N.  NE     N.NE 

Calm.. 

4.8    1.4 

0[  2.0    N.22E 

9 

10 

10 

.96 

.  7<i3 

.  628 

.55i» 

.6-27 

Cnlm..    E 

Calm.. 

0   0.2 

Of  0.7(  Ehhi.... 

2 

5 

10 

j-GJi^ 

.  430 

.587 

.575 

Calm..    W!...    SW... 

0    1.  1 

0.  3   0.  3'  S.  79  W. 

9 

5 

0 

.511 

.483 

.554 

.516 

W.SW    SW...    S.  SW 

1.6   2.2 

0.  2 

1.3    S.  47W 

5 

9 

0 

.461 

.201 

.312 

.  325 

S.  SW.    W.SW    NW... 

4  7   5.2 

3.  1 

3.3    S.  63W. 

9 

5 

0 

.582 

.463 

.408 

.484 

N.NW.    SE....    Calm.. 

0.2   2.5 

0 

0.  7    S.  47  E 

0 

3 

0 

.10 

.488 

.439 

.587 

.505 

S SE  ..      Calm 

0.7   2.7 

0 

1,  0   S.  39  E 

0 

2 

0 

.  .172 

.5^9 

.544 

.572 

S  .  ...     W.SW    W  NW 

1.7    \0 

2.2    1.0;  S.  67W. 

8 

10 

0 

.  •  1  •  •  . 

.577 

! 

.386 

.705 

.556 

N.XE.j  N.NE     Calm.. 

3.0 

1.6^ 

0 

1.7 
0.4 

N.  20  E 

10 
5.5 

9 
5.2 

0 

4.  1 

1 

.614 

.495 

.590 

.566 

1 

N.4UVV. 

1.73 

1082 
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Reductions  of  the  monthly  meleorologieal  register  of  tht  s*nt.§  of 


Date. 


M^ans 


Jane 


1 

2 
3 
4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

2:j 

24 

25 

2tt 

27 

28 

29 

30 


Barometer  redaced  to  teinperatnr«> 
of  :W°  KRhr.,»*xpreHMe«l  in  United 
Stttteii  ioches  and  decimaU. 


S 


1867. 
May       1 
2 


5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
1.5 
16 
17 
IS 
19 
90 
21 
22 
23 
24 
2.) 
26 
27 
28 
29 
30 
31 


29.270 
29.  H'>2 
29.  578 

28.  986 
2«*.  i:J8 

29.  250 
29.  376 


29, 
29 
2«», 
25), 
28 
29, 
29 
21» 
29 


165 
250 
415 
40) 
962 
112 
089 
l«8 
445 
29.  5;M) 

29.  a'»7 

29.  2H5 
i>22 

».79 
185 
13.) 

9rt« 


28. 

29. 
29. 

28. 
,  29.  300 
29.410 
29.  198 
29.  265 
29.412 
29.  560 


29. 

29 

29. 

29. 

29. 


29.300 

28.  808 

^^T*.  996 

29.218 
2i».  3«>6 
2i».  115 
230 

458 
428 
318 

29.  3:)5 
29.  443 
29.  343 
29.  195 
29.371 
29.  191 
29.488 
29.  578 
29.471 
29.  471 
29.  375 

313 
140 
2:13 
20.) 
195 
.526 


29, 
26, 
29. 
29. 
29. 
29. 


MeaDS 


2**.  446 
29.  152 


21».  265 


29.353 

29.616 
29.  4.)5 

28.  978 
29.23") 

29.  293 
29.  36:) 
29.  23:) 
29.  160 
29.  32t) 
29.412 
29.  343 

28.  949 
2i).031 

29.  154 
29.  192 
29.533 

aV28.5 
29.  220 

28.  922 

29.  092 
29.  160 
29.  02<J 
29.  (tt.i 

29.  xm 

29.  39J 
2l>.  072 
2i».  345 
29.  4H2 
29.  495 

29.  248 


29.  131 

28.  806 

29.  058 
29.294 
29.  269 
29.  112 
29.  2:)3 
25^.  423 
29.  446 
29.  358 
29.  310 
29.  .3.55 
29.  395 
29.  288 
29.  198 
29.  396 
2i>.  146 
2;».  546 
29.511 
29.  448 
2'J.  406 
29.358 
29.  29.  > 
29.  114 
29.  218 
29.210 
2i».  243 
29.  521 
29.  290 
2i*.  172 


29.303 


a 

0» 


29.418 
29.  613 
29. 173 
29.016 
29. 294 
29.441 
29.  :)93 
2l».  190 
2JK  167 
29.  305 
29.  442 
29.221 
29.  029 
29.  (K»9 
29.2.7 
29  275 
29.547 
29.480 
29.  280 
29.  179 
29.  094 
29.  146 
29.  16-2 
2*».  051 
29.  16) 
29.  .370 
29.  370 
29.  116 
29.  390 
29.  487 
29.441 


a 


TEMPERATnaK— PAHRKNHEIT. 


Wetbnlb.  or 

p«>iDt  of 
evaporation. 


S 

» 


29.347 

21>.  610 
29.395 

28.  993 
29.221 

29.  3.'8 
29.  377 
29.212 
29.  165 
29. 292 
29.423 
29.  342 

28.  977 
29.051 
2i».  1.50 
29.222 

29.  5  8 
29.  535 
29.307 
29.221 
28  979 
29.  106 
29.  169 
29.  (.70 
29.058 
29.  33:) 
29. 390 
29.  129 
29.  3<K) 
29.460 
29.499 


38 
25 
.32 
47 
42 
36 
32 

41 
43 
40 
39 
41 
41 
42 
38 
41 
42 
43 
41 
40 
40 
40 
46 
44 
41 
41 
42 
44 
49 
42 


a. 


38 
30 
38 
.55 
43 
34 
37 
43 
46 
.50 
45 
38 
44 

\i 

40 
42 

44 
44 

41 
43 
47 
55 
46 
43 
42 
42 
48 
43 
44 


a 


Dry  bulb,  or  tem- 
perature of  the 
open  air. 


B 


32  43 

27  '  32 

40 

54 


• 

• 

0 

s 

a 

• 

• 

« 

0. 

0. 

i> 

ff* 

Oi 

s 

43 

37 

37  44 

50  I  61 


41  i  48 
3:)  I  41 
35  I  35 
39  .... 


52 
36 
44 

48 
52 


42  I  44 
48  I  46  *  .54 
46  i  48  I  56 
15  46 


43  46 
46  .56 


41 

40 


41 

41 

41 

38  46  '  46 

36  41   47 

41  I  45  50 

.39  51  I... 
46  47 
43  48 

40  :  43  I  43 

40  46  '  54 

47  !  48  I  6  > 

.50 

43 

42 

43 

42 

46 

41 

41 


50 

68 

49 

57 

46 

53 

47 

49 

44 

44 

48 

56 

55 

50 

48 

52 

35 
32 
46 
57 
47 
37 
38 
44 
47 
50 
48 
44 
44 
43 
42 
39 
47 
44 
45 
44 
43 
43 
5) 
53 
49 
47 
46 
43 
.50 
45 
46 


40.3 
33.7 
42.3 
56.0 
49.0 
38.0 
39.0 
46.0 
47.7 
50.0 
50.7 
45  0 
44.3 
48.3 
44.7 
42.3 
47.3 
47.5 
46.0 
45.0 
43.0 
47.7 
517 
57.0 
51.7 
48.7 
47.3 
43.7 
51.3 
50.0 
48.7 


'i9.273     29.264    40.4  43.0  4^3  48.550.0  44.9    46.6 


28.863 
28.888 
29.  1»  8 
29.  326 
29. 193 
29.  2;)5 
29. 278 
2!I.4I6 
29. 426 
29.  321 
29.  3«« 
29.  398 
29.318 
29.  248 
21>.  248 
29.3:11 
21».  :)56 
29.563 
2i).  451 
29.  4«»8 
29.  :i8l 
2*«.  :W5 
29.  270 
29.  141) 
29.  202 
29.  100 
29.406 
29.503 
2t).  185 
29.  207 


29.198 

28.  834 

29.  054 
29.  279 
29.  276 
29.  151 
29.  247 
29.409 
29.  443 
29.  369 
29.310 
29.  :)63 
29.  385 
29.  293 
29.  214 
29.366 
2i).2:)l 
29.  5W 
2i».5IO 
29.  462 
29.419 
29.353 
2!).  291 
29.  131 
29.218 
29.  171 
29.281 
29.  517 

29.  :nn 

29.  197 


44 

47 

57 

54 

54 

59 

.58 

49 

51 

59 

66 

71 

64 

70 

5:) 

6i) 

57 

59 

57 

61 

6:) 

68 

63 

6:) 

58 

65 

62 

63 

64 
5:) 
62 
,55 
57 
54 
58 
65 
64 
<>4 
59 

6J 

.56 

61 

.68 


53 

50 
.5:) 

49 
58 
58 
59 
55 
5:) 
.59 
64 
66 
64 
57 
58 
50 
54 
54 
57 
54 
62 
62 
62 
(16 
65  !  64 
68  61 


66 
56 
59 
56 
6« 
59 
59 
68 
66 
67 


68 

51 

60 

54 

68 

65 

65 

57 

48 
6:) 
57 
64 
57 

n 

71 
56 
6:) 
63 
67 
72 
6i 
in 
70 
62 
68 
63 
66 
59 
65 
75 
70 
71 
69 
71 
67 
63 
69 
78 


50 
62 
77 

:n\ 

69 
87 
75 
66 
65 
75 
74 
77 
75 
71 
78 
65 
70 


55 
55 
58 
55 
(i5 
64 
65 
59 
56 
69 
68 
68 
71 
62 
67 
55 
(v) 


73  i  62 


74 

68 
69 
78 
75 
81 
81 
76 
74 


64 
57 
68 
67 
68 
73 
71 
69 
55 


70  '  61 


8:) 
90 


75 
65 


51.0 
61).  0 
♦H.O 
58.3 
6:).  7 
74.7 
70.3 
60.3 
61.3 
69.0 
69.7 
72.3 
69.3 
66.7 
71.7 
60.7 
67.(1 
66.0 
68.0 
61.3 
67.3 
73.3 
71.0 
75.0 
7;).  7 
72.0 
65.3 
64.7 
75.7 
77.7 


B 

s 


44 

.39 
47 
65 
58 
.58 
46 
54 
55 
60 
59 
51 
52 
59 
57 
48 
53 
58 
49 
51 
48 
56 
64 
70 


29.  284 


29.  284 


29.290   58.  7,62.  2 57.  6,65.  672. 8,6;).  71  67.4 


66 
81 
75 

rj 

90 
80 
69 
71 
76 
78 

a5 

79 

83 
82 
68 
74 
75 
76 
77 
75 
82 
84 
86 
84 
80 
77 
7J 
75 
92 


S 

s 

i 


39 

30 
28 
46 
4'. 
35 
33 
32 
42 
44 
39 
4  J 
43 
42 
42 
37 
37 
39 
43 
4:) 
41 
43 
40 
48 


VAPOR. 


ElA«it>citT.  in  U.  S.i 
iDch«f^  and  deci- 
mal*. 


a 


=  I  a 


9i 


s 


164. 1<^, 
055. <*« 
116. 151 
2e<.3.3.">4 


160 
170 
129 
212 
232 

155 
125 
2ti2 


59 

47 

55 

40 

56 

44 

50 

42 

60 

46 

60 

45 

55 

42 

70 

'M 

189 
147 
142 
....I 
218 
2-18 
143 
160 
231 
192 . 4JU 
215.  192 
190.  156 
!il05 .  162 
149'....! 
2:18.249 
231'.  2:« 
208.231 
169 .  IM 
143.  I5J 
258.261 
223.  166 
I92L 
ITiV. 
241 
236 
269 
189 


146 
175 
241 
23  J 

ll!<6 

183 


14*.  157 

,Oytj.077 
,  1^.  li^ 
,:f7-.3: 
.  17^.17 
.  I3(i.  151 
.  I(k5.14j! 

.  I7:).l« 

.  2'2.25< 
.  .lM.-.«5 
.281.  Ittl 
.211*.  ift 
.  2 . 1? .  217 
.231. -.SI 
.  I77.l!i6 
.  173. in 
.  17H.1« 
.  173.161 
.205.231 
.  195.421 
.  2V^ .  216, 
.21^.17^1 
.2)4.  I«! 
.32l.2H0( 
.  199. 1«i 
.2"-.i.I«}.J| 
.2:J8.I97 
.2.^1.2*5 
.258.241 
.  21)5 .  SaOl 
.  192-  I* 


194.  201  .2i0.«li 


56      46 


-. 


54 
54 
55 
51 
61 
63 
51 
5:) 
55 
65 
65 
56 
&2 
61 
55 
54 
55 
55 
56 
54 
67 
64 
67 
6) 
64 
54 
54 
55 
&5 


92 


46 


.236 

.  .fpt) 
.378 
.403 
.295 
545 
.5  3 
.36:1 
.3861 

.  lam 

.  5-»2 

.  4.5.5 

.4291 
.489! 
.516 
.284! 
.  476' 
.327 
.  346, 
.3.51! 
'.3»*yi 
48:)| 
5U>j 
.5«K)! 
367 
469' 
42.5 
3.Vi 
4:{i« 
55» 


4191.  433'  40J.4i«'i 


283 

312 

.  2WI , 

2.55 

367  , 

666 . 

4:)» 
420 . 
35 ' . 
6«)4|. 

:i8:> 

48:). 
4ft^. 
478. 
3:t»». 
354. 

604. 
38«>. 
3n7,. 
.55ii. 
519. 
6  8. 
4<):{ 


.376.2»i 
:OrJ.32J 

.  *. « .  a«i 

.3r<9.3J0i 

.4.3.4^7; 

4Ji>.33i| 

.:^i0.3!r7 
,3»v).3»J 
3»>7,  XS\ 
54.) .  TtSA 
612. 485 
50 .  479 
:{9''.  43* 
36:1  m 
2^5. 3U3 
2ye'.37i» 
3l2.ae!7 

:rr.L44i 
:)7r' .  J70 
47h.4ll 
4.-::' .  b^ft 
47rt.5-'4 
545.552! 
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the  northern  and  northwestern  lakes  at  Milwaukee,  Wisconsin, 


VAPOR. 

WIND. 

Amonnt   of 
clou'linefM. 
(0=clear 
Mky.) 
00=nky  en- 
tirely over- 
ca»t.) 

0  * 

=  00  X 

c    ."3 

< 

melted 
inches 

Hnmidlty. 
SatQnitiou  =  1,000. 

Direction. 
From  whence. 

Velocity,  in 
mileti,  per 
hour. 

c-  z 

C  J3 

u 

la 

^  a 

as -2 

0.7 
0.7 
2.0 
0.7 
1.7 
0.3 
0.3 
0.2 
0.0 
0.  I 
0.6 
l.«. 
0.2 
0.2 
0.2 
0.3 
0.0 
0.6 
0.2 
1.0 
4.7 
1.2 
0.7 
1.3 
2.3 
0.2 
1.0 
0.7 
1.2 
0.6 
0.1 

0.3 

0.2 
2.3 
1.3 
0.1 
0.  1 
l.t. 
0.6 
0.3 
0 
0.7 
0.  2 
0.2 
0.3 
0.2 
0.7 
0.7 
0.6 
1.0 
0.3 
0.3 
1.3 
0.3 
0.3 
0.7 
0.3 
2.0 
1.3 
1.0 
2.3 
2.5 

0.4 

• 

1 

» 

u 

♦» 

a 

s 
1 

& 

OQO 

• 

S 

• 

• 

S 

• 

a 

• 

B 

• 

a 

Si 

i 

• 

S 

NW  . 

N.  NE 
SE  ... 
SE  ... 
VV.SW 
NW 
N.  NW 
Calm.. 
Ctilm. . 
N.  NE 
Ciiliu . . 
NE    .. 
N.  NE 
NW.  . 
NW.  . 
NE  ... 
NW  .  . 
.SE  ... 
SE... 
i:.  NE 
N.  NE 
NW  .  . 
NW. 

s.  sw. 

WNW 
NE  . . . 
S  ti .  . . . 
NE    .. 
W  .... 

w^NW 

NE    .. 

■ 

s 

• 

0. 

• 

0. 

a 

a 

1.3 
1.8 
1.2 
1.3 
0.3 
1.0 
0.7 
0 
0 
0.3 
0 
0.7 
0.2 
0.8 
0.5 
0.2 
0.6 
0.2 
0.2 
6.2 
1.2 
2.5 
U.5 
0.6 

;i.3 

0.2 
0.2 
0.2 
1.7 
0.7 
U.2 

• 

a 

* 

0. 
0* 

0.7 
1.2 
1. 1 
1.0 
4.2 

0 
0.6 
0.5 

0 
0.2 
1.5 
2. 1 

0 
0.3 
0.8 
0.8 

i».  6 
1.7 
0.2 
0.9 
6.0 
1.5 
2.0 
3.0 
3.7 
0.6 
2.5 
1.9 
1.9 
1.6 
0.2 

• 

S 

• 

0. 

o> 

1.4 

0 

5.0 

0 

0.8 

0 

0 

0 

0 

0 

0 

1.3 

1.6 

0.4 

0 

0 

0 

0.5 

0.7 

2.0 

2.0 

0 

0 

0.2 

0 

0 

0.2 

0 

0 

0 

0 

• 

S 

• 

8 

0 

0 
10 

0 

9 

5 

0 
10 
10 

0 

0 
10 

0 

0 

9 

0 

0 
10 
10 
10 

9 

0 

2 

0 

0 
10 
10 
10 

0 

0 

4.6 

10 
0 
3 

0 

0 

U 
10 

0 

0 
10 

0 

7 

8 

1 

1 

9 

0 

I 

9 

0 

7 

5 

7 

0 

1 

9 

0 

0 

0 

• 

a 

• 

a, 

2 

0 
10 
10 

5 
10 

5 
10 
10 

8 

0 
10 
10 
10 

1 

5 

1 
10 
10 
10 
10 

9 

3 

1 

1 

0 
10 
10 

9 

0 

3 

6.2 

10 
•  5 
0 
0 
0 
2 
5 
0 
0 
2 
9 
0 
3 
8 
I 
2 
8 
0 
3 
5 
3 
2 
8 
7 
1 
9 
8 
0 
0 
1 

d 

10 

0 

10 

6 

10 

10 

0 

0 

8 

0 

0 

10 

10 

10 

0 

1 

2 

10 

10 

10 

10 

8 

8 

10 

0 

0 

10 

10 

9 

Sag 

s  X  eg 

< 

.587 

.587 
.392 
522 
.659 
.411 
.  8  2 
.446 
.631 
.59e 
.7:t8 
.346 
.4.0 
.843 
.935 
.617 
.  483 
.450 

'.'772 
.704 
.83:1 
.3;>«t 
.  2!»3 
.381 

.:i58 

.:563 
5- 5 
.836 
.512 
.515 
.472 

.698 
.496 
.543 
.812 
.554 
.619 
.719 
.597 
.  624 
856 
.850 
.756 
.  756 
.833 
.661 
.  726 
.554 
.597 
.684 
.677 
.750 
.750 
.606 
.798 
.572 
.624 
.767 
.916 
.716 
.684 
.617 

.624 
.3«)7 
.531 
.752 
.513 
.663 
.  621 
.614 
.6.">9 
.787 
.541 
.563 
.811 
.795 
.65<i 
.649 
.  56() 
.498 
.741 
.738 
.778 
.5:J8 
.442 
.632 
.523 
.5J5 
.609 

.  sm 

.644 
.C»06 
.547 

E 

SE.... 
SE  .. 
S.  SW. 
w    ... 
Calm.. 

E 

SE  ... 
Calm.. 
NW.  . 
SE... 
NE  ... 
Calm.. 
W  .... 
E.  NE 
NE  ... 
SE.... 
SE.... 

E 

E.  NE 
N.NE 
N... 
W^  . . . . 
.S.  SW. 

w.... 

SE.... 
N.  NE 
N.NE 
W  .... 
NE  ... 
E 

N.NE 

Calm . . 

SE  ... 

Calm.. 

W.SW 

Calm.. 

Calm.. 

(Julm.. 
^Calm.. 
'Culm-. 

Calm.. 

NE  ... 

NW 

E.  NE 

Calm.. 

Culm.. 

Chlin.. 

N.NE 

N.  NE 

NE  ... 

N    .... 

Calm.. 

(3alm . . 

W.SW 

Culm.. 

Culm.. 

E    .... 

Calm.. 

Calm . . 

CiUm.. 

Calm . . 

N.4  W 

N.65E 
S.  45  E 
S.  17  E 
S.  85  W. 
N.  45  W. 
N.2:)  E 
S.  45  E 
Calm   .  - 
N.  19E 
S.  45  E 
N  45  E 
N.  17  W 
N.  23  W 
N.  2:1  E 
N.45E 
Calm . . . 
S.  »>7  E 
N.  67  E 
N.55E 
N.  19  E 
N.  27  W. 

N.eiw. 
S.21  w. 

N.H»W. 
S.71  E 
N.  23  E 
N.  23  E 
Went.  . 
N.  15  E 
N.71  E 

-  - 

.3<W 

.527 



.786 
.5ti3 

.28 

.567 
.698 

..... 

.20 

.756 
.767 
.426 

.01 
.03 

.533 

.617 
.691 

.65 
.06 
.33 

.684 

.03 

.399 

.10 

.7S0 
.543 

1.73 

.426 

.716 

.40 

.617 

.554 
.836 
.704 

.38 
.18 

.620 

0 
9 

6  2 

.56:1 

.6:15 

..'i54 

.691 

.617 

N.    5E 

4.S9 

0 

1.6 

2.2 

0 

0 

1.4 

0.2 

0.5 

0 

0 

0 

1.5 

() 

0.5 

0.5 

2.0 

•  *  .  ■ 

1.2 
0.2 

0.2 
4.3 
2.3 
0.2 
1.5 
2.2 
1.4 
0.7 
0 
2.2 
l.u 
1.0 
1.0 
0.7 
1.4 

■  •  •  • 

•    a    .    ■ 

2.5 

1.2 
0.5 

0.8 

2.6 
0 
0 
0 

0.3 
0 

0.2 
0 
0 
0 

0.2 
0 

0.2 

u 

.  •  *  ■ 

1.3 
0 



n  6 

10 
10 
0 
0 
0 
0 
0 
0 

n 

.704 
.670 

.786 
..%! 
.281 
.569 
.518 
.424 
.768 

.6H0 

.  4o:i 

.720 
.419 
,55j- 
.6J8 
,499 

.  5:^5 

.  482 
.  276 
.  720 
.557 
.5,8 
.574 
.5il9 

.8(n» 
.  ;i82 

.644 
.720 
.  5  J5 
.428 
.  20J 

.869 
.'681 
.698 
.62(J 
.631 
.675 
.<i80 
.761 
.809 
.5i8 
.793 
.895 
6(>3 
.71b 
.550 
.681 
.519 
.561 
.625 
.812 
.695 
.740 
.695 
,672 
.663 
.607 
.  74:1 
.606 
.558 
.582 

.786 
.637 
.5ii7 
.621 
.594 
.  590 
.704 
.  752 
.  720 
.MO 
.768 
.  6:iJ 
.6<;4 
.692 
.584 
.570 
.565 
.468 
.629 
.691 
.615 
.  624 
.666 
.712 
.521 
.  623 
.  7.»2 
.58^1 
.5:11 
.452 

Calm . . 

SW 

WNW 

Calm.. 

Calm.. 

SNV  . 

SE.... 

N.  NE 

Culm.. 

Calm.. 

Culm . . 

W.... 

Culm.. 

8W  . 

W.SW 

N.  NE. 

NE  ... 
W  . . . . 
NW. 
NE... 

SE... 
SW  . 

o£i .... 

NL  ... 
Culm.. 
SE  .. 
S.  SW. 
E... 
SE  ... 
E.SE 
W.NW 

SE  .. 
WNW 

Culm.. 

Calm.. 

Culm.. 

E.SE  . 

Culm.. 

NE     . . 

Calm. 

Calm.. 

Calm . . 

W.SW 

Culm.. 

SB... 

Calm.. 

W.NW 

Calm.. 

S.  25  E 
S.  88  W. 
N.55W. 
N.45E 
S.45  E 
S.41  W. 
S.  45  E 
N.27E 
C  til  in   .. 
S.45  E 
S.  26  W. 
Went  .. 
S.45  E 
S.25  E 
N.  77  W. 
N.21  E 
N.75W. 
N.  55  W. 
8.41  E 
N.  45  E 
8.68  E 
S.  75  E 
N.  45  E 
S.  67  W. 
S.  72  W. 
8.45W 
S.81  W. 

s.:j7  e 

S.  29  W 
WeHt   .. 

.55 

.812 

.675 

.6:M 

.672 

.66:j 

.809 

.08 

.670 

.670 

9 
0 
5 
0 

8 

.7J«» 
.582 
.772 

.740 

.20 

.08 
.61 

.704 

.511 

1 

2 
2 
0 
10 
5 
8 
7 
2 
0 
5 
0 
9 
0 
0 
0 

.58 

.695 

.5*i8 

w .!!! 

8W  .  . 

eVse* 

Calm.. 
NE    .. 
E.  SE 
W.SW 
SW     . 
W.  SW 

s 

S.  8W. 
w .... 

NW. 
SE 

.543 

•  •  *  •  • 

.7«I3 

NE  ... 
E.SE 
E.SE  . 
NE    .. 
W.SW 
SW  . 
SW  . 
W.SW 
SE  ... 
S.  SW. 
w .... 

NE  .- 

.6:)! 

Calm.. 
E.  SE 
SW  . 
W.SW 
NE  ... 
SW  . 

N 

8.  SE 
SW  . 
Culm . . 

1.3 
0 
0.9 
0.5 
t'.5 
0.9 
2.0 
1.2 
1.2 

a  2 

2.8!       0 
1.0   0.2 
0.5   0.3 
2.0   0.2 
l.O   0.2 
2.5i   1.7 
2.5   0.9 
2.4    0.5 
3.8   2.6 
4. 3       0 



.558 

.•••«• 

.704 

.66:1 

.518 

.618 

.642 

.619 

.6«i7 

.574 

3.1 

.657 

.548 

.677 

.627 

8.  59  W. 

3.6 

3.7 

2.04 

I 
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Reductions  of  the  monthly  meteorological  register  of  ikt  nrttii  of 


Date. 


1867. 

July       1 

2 

.3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

i:) 

14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

Means — 


August  1 
2 
3 
4 

5 

6 
7 
8 
9 
10 
11 
12 
VA 
14 
15 
16 
17 
18 
19 
20 
21 
22 

24 
25 
26 
27 
28 
29 
30 
31 


Barometer  reduced  to  temperature 
of  32°  Kahr.,  exprcH^ed  in  Uuited 
8tuteD  incheii  and  decimuls. 


TEMPERATURE— FAHRENHEIT. 


a 


29.  3,'i5 
29.  3:n 
29.310 
29.  145 
29.123 
29.253 
29.413 
29.471 
29.  574 
29.  24?» 
29.212 
29.  486 
2i».549 
29.  4.") I 
2*).  a73 
29.  .5:18 
29.  .'V<!8 
29.  468 
29.  .341 
29  491 
-29.  451 
»).  :i35 
2t).3l2 
29.  3:12 
29.  157 


29. 
29. 
29. 
29. 
29. 
29. 


255 
173 
127 
5:31 

213 


29.  :i57 


29.120 
2!^301 
29.  451 
29.  485 
29.  5.30 
29.  497 
29.  470 
29.  385 
29.  3:12 
29.  583 
29.  603 
29.  243 
29.  22<1 
29.  :«58 
29.  51  8 
29.  4C8 
2*K  190 
29. 2-JO 
29.  490 
29.  473 
29.  408 
2i».  285 
2}».  1.59 
29.  .395 
29.  HiS 
29.388 
29.  2«  0 
2<>.  251 
29.  40 i 
29.572 
29.  193 


a 

a. 


29.300 
29.  •.>67 
29.212 
29.  165 
29. « 86 
29.  240 
2<^.4:j3 
29.  421 
29.508 
29.  110 
29.  270 
2«>.50l 
29.514 
2i>.  .393 
29.418 
29.511 
29.  478 
29.  448 
29.:i7! 
2«).5I3 
2<).  4.58 
2^.  282 
29.  2V'8 
29.  289 
29.  145 
29.  2.')0 
29.  105 
29.  167 
29.  5:18 
29.448 
29.  173 


29  3.^3 


29.163 
29.  :i55 
29.418 
29.  475 
29.519 
29.  4.19 
2*).  412 
29.312 
2J).  .354 
29.618 
29.413 
29.  107 
29.2ti8 
2i).  363 
29.480 
29.  MA 
29.  134 
29.224 
29.  425 
29.  435 
29.315 
29.167 
29.  162 
29.  4.38 
29.  469 
29.  33fJ 
29.  062 
29.261 
29.421 
29.509 
29,  105 


S 

a 


29. 330 
29.295 
21>.  I.tO 
29.  166 
29.  151 
29.2:0 
29.441 
21^.481 
29.  398 
29.  124 
29.347 
29.  489 
29.  5.'j4 
29.30! 
29.  448 
29.491 
29.  458 
29.  408 
29.  426 
2<).  4:18 
29.317 
29.  272 
29.317 
29. 247 
21».  2(H) 
29.  2<)8 
29.  t  44 
29.360 
29.  5:18 
29.  345 
29.  i:« 


29.  220 
29.  :i81 
29.  430 
29.480 
29.  492 
2i».  427 
29.  .374 
29.302 
29.  475 
29.  59:1 
29.413 
29.  132 
29.  298 
29.  :J80 
29.  445 
29.260 
29.  124 
29.  .302 
29.418 
29.413 
29.  '^97 
29.  162 
2li.  227 
29.456 
29.  42:1 
21».  298 
29.187 
29.306 
29.  5  4 
29.  379 
29.276 


29. 326 


c 
a 


29.328 
29.298 
29.  224 
29.  1.59 
29.  120 
29.  242 
2;«.  42*» 
29.  4^ 
29.  493 
2*».  161 
29.276 
29.  492 
2iJ.  5:19 

29.  382 
29.4!3 
21».5I3 
29.481 
29.441 
29.  :n9 
29.481 
29.409 
29.296 
29.309 
29.289 
29.167 
29.  2:j8 
29. 107 
29.  218 
29.536 
29.449 
29.  175 


29.  3:19 


20. 168 
29.:M6 
29.  4  «3 
2i».  480 
29.514 
20.454 
29.419 
2i».  333 

29.  :m 

29.  .598 
29.  476 
29.  16! 
29.  262 
29.  :167 
29.  478 
29.  344 
29.  149 
29.  249 
29.444 
29.  440 
29.  .340 
29.  2<15 
2i>.  183 
29.  4:10 
29.  4.53 
29.  3:39 
29.  1 16 
29.273 
2t>.  445 
29.487 
29.  191 


Wet  bnlb,  or 

point  of 
c\apoi  atiou. 


as 


CI 


57 
62 
67 
66 
57 
6:1 
53 
57 
54 
60 
62 
49 
52  !  .55 


60 
70 
67 
64 
60 
65 
57 
59 
57 
72 
74 
52 


58 

58 

56 

63 

i  59 

I  58 

61 

I  61 

67 

69 

69 

68 

6:1 

66 

(rr 

51 

58 
60 


62 
.57 
57 
61 
60 
61 
62 
64 
71 
71 
71 
65 
67 
71 
62 
59 
61 
62 


60.  4  63. 1 


.58 
iki 
68 
ry*i 
61 
65 
.57 
54 
52 
71 
61 
46 
54 
57 
53 
5:3 
.57 
57 
60 
59 
62 
<)7 
68 
66 
62 
63 
71 
57 
56 
59 
62 


Dry  bulb,  or  tem- 
pm^uturo  of  the 
opvu  air. 


d 


66 
72 
75 
71 
61 
66 
61 
63 
58 
69 
70 
54 
57 
63 
66 
66 
65 
65 
64 
67 
69 
75 
79 
77 
71 
67 
72 
74 
61 
66 
^5 


S 
d. 

Gi 


71 
81 
8t) 
70 
62 
72 
71 
GS 
69 

79 

60 
64 
72 
75 
70 
74 
70 
"68 
75 
79 
85 
85 
82 
68 
73 
80 
80 
71 
76 
82 


a. 


65 
67 
73 
.58 

70 

65 

.58 

61 

80 

69 

5> 

.59 

64 

6:3 

61 

65 

62 

64 

67 

73 

79 

75 

71 

65 

78 

78 

66 

6:3 

67 

69 


59.9  66.9  74.  166.8 


60 

60 

.59 

6:1 

66 

67 

68 

69 

69 

58 

57 

6a 

59 

58 

62 

62 

68 

64 

62 

.58 

59 

65 

GG 

57 

59 

61 

64 

52 

49 

47 

59 


63 
6:1 
64 

69 
69 
70 
68 
69 
68 
58 
63 


.59 
.58 
60 
67 
67 
65 
66 
66 
61 
55 
57 


72  i  08 


60 

64 

65 

66 

70 

64 

64 

6:3 

67 

72 

76 

57 

65 

67 

68 

,55 

51 

53 

63 


.'.9 
60 
61 
65 

r>4 

63 

60 

no 

64 
68 
60 
54 
61 
65 
67 
51 
49 
54 
51 


65 
65 
6.3 
72 
73 
73 
75 

';7 
77 
6:3 

fi3 
70 
63 
64 
64 
68 
76 
72 

m 

62 
68 
72 
75 
63 
64 
65 
67 
61 
56 
53 
62 


Meant....!  29.314  \  ^.:\:3a  y2d.'i\'ii> \  ^."SikV  ^.'i^K,m\,8  67.0 


71 
69 
71 
84 
81 
88 
81 
82 
73 
74 
•75 
89 
68 
7:3 
75 
76 
91 
82 
72 
75 
82 
89 
85 
67 
7:i 
74 
74 
73 
67 
G6 
68 


66 
61 
69 
74 

74 

76 

64 

62 

65 

70 

62 

68 

64 

72 

76 

67 

64 

68 

7:1 

78 

71 

58 

65 

71 

71 

61 

56 

60 

57 


76.  4  6T.  3 


K 


a 
it 


67.3 
T3.3 
76.0 
t«.3 
62.0 
6y.  3 
6.5.7 
6:3.0 
62.7 
78.3 
72.  7 
.5.5.  3 
60.0 
66  3 
68.0 
6.5.7 
68.0 
6.5  7 
65,3 
69.7 
717 
79.7 
77.7 
76.7 
68.0 
72  7 
76.7 
7.^3 
6.5.0 
(»9.  7 
72.0 


69.2 


67.3 
65.0 
67.7 
76.7 
7.5. 0 
78.0 
7a  7 
78.3 
71.3 
66.3 
67.7 
79.7 
64.3 
68.3 

mo 

81.0 
7:3.7 
67.3 
68.3 
74.3 
79.7 
77.0 
62. 7 
67.3 
70.0 
70.7 
65.0 
59.7 
59.7 
6i3 


X 


82 

6y 

70 

52 

68 

46 

74 

.58 

77 

64 

76 
88 
82 
75 
71 
81 
75 
72 
72 
89 
82 
70 
68 
74 
77 
73 
77 
72 
73 
77 
83 
91 
90 
85 
82 
77 
89 
84 
73 
77 
83 


91 


76 

73 

75 

87 

87 

90 

89 

85 

94 

90 

79 

90 

72 

82 

76 

78 

93 

86 

73 

76 

Bo 

•H 

87 

73 

76 

78 

80 

57 

6J 

69 

72 


VAPOR. 


E 

s 

E 

"a 


o 

60 
63 
65 
61 
58 
62 
57 
.58 
50 
60 
6y 
52 
46 
.58 
64 
55 
51 
61 
61 
59 
57 
67 
70 
72 
65 
61 
62 
66 
55 
57 
6( 


Ela.<tU*ity,inl'  S. 
iuctie«  Middeci- 
malii. 


S 


w    e  :  s 


46 


61 
.59 
55 
65 
66 
66 
67 
70 
64 
57 
54 
61 
61 
58 
61 
59 
70 
67 
64 
55 
65 
67 
71 


.346. 
.  422 . 
.554. 
.  572;. 
.412!. 
.  5.36 . 
.297. 

.  :ib6. 

.  r365. 
.3  8. 
.  44H . 

.416. 

.  376 . 

.316. 

I.  .549 . 
4C0 . 
40:3 
4.57. 

4:»>. 

5>4. 

574. 

601 

644 

522 

5.59 

568 

242 

.376 

451 


371.545.4*1 
5?'.5.5J2.5^ 
4c^.6i?.,vtJ 
5I6.422.5U3 
491  .oil-.  47* 

524.5.'io.sn; 
2pa.:k5y.3:il 
r»8  ►.:&»&.  ^TT 

3  6.2'i».3lS 

772. 4:1  .5J.' 
28. 2:12.  ^tT^ 

3  4.:j:'l.3i« 
.  422  Id .  ♦-4 
.226..:?.  2^1 

.  29"< .  tjT. .  sn 
.:«:i.:ii^.4i4 
.ar<.5.:w.4ui 
.44;i.465.43T 
.3e2.:3«.4ll 
.:Wri.4iJy.4ii 
.57  uJiU.W 
.570.. 59 '.5:?', 

.610. 572.  "eM 
.577   5I6.5T* 

.H:J7.6M.fc» 
.3l6.:{|H.4i» 

.34  ..v^.3ia 

.3«.:<93.3« 
.28y.4ti2.40l! 


445.440.437.441; 


.451 

.441 

.447 

.  4.55 

.545 

.581 

591 

6JI 

601 

416 

399 

385 

447 

403 

529 

476 

..577 

489 

.502 

.4*2** 

.  :38i) 

524 

519 


59  .:386. 

51  !.4.Tl. 

61  !.4K1. 

67  .53r;. 

59  .269. 

51  .255. 

43  .244. 

56  .  4W . 


.469i.4in.44? 
.  495 .  44:j  .  4fvJ 
.503  3^  449^ 
5O7.:rf?.5i0 
..547.6  ^.>" 

.49l'.5l>'.5i:-'^i 
.  5IOI..532  51II 
.534  505.547 
618.  4^7.57* 
.2n».34'».342i 
.41.5|.:wy.»l 
.,35.5.6Jf.4«« 
.4'l'.4i'.4» 
.47SL4ll.4» 
.48.1.4^7.30 
.,5lL5.524.S*i 
.45l.4:«.4* 
.  34«..5:'2.4o3 
!489!465.i'i 
.549.4ll.4SJ 
.46.'«.47b-.4:» 
..555.. 555.34:3 
.77.>.37l.5>» 

..T0.3«v.»l 
.510  483.4TS 

568.5.t7  588| 
604.6'?.6ifr 
194.  242. SJ 

163.  2.55. fi< 
231  i.:*:*'?^' 

.5(.9-.*i^.<l* 


70.2  !  94  1  43   .46  1. 462. 4^2.4* 
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tht  northern  and  northwestern  lakes  at  Milwaukee^  Wisconsin, 


VAPOR. 

WIND. 

Amonnt  of 

cloudluesM. 

(0  —  clear 

?  *» 

«M   £3 
C  — 
**     . 

£!»  » 
c    •  a 

< 

II 
11 

Hnmi'llty. 
Satartttiou  =  1,000. 

Direction. 
From  whence. 

Velocity,  In 
iuUkh,  per 
htur. 

• 

6^ 

• 

a 
c 

CS 

X 

if 
X 

o 

"ky.) 
(10  =  Mky  en- 
tirely over- 
cant  ) 

^  1 

m 

B 

• 

• 

S 

d. 

*7» 

• 

a 

• 

• 

• 

S 

• 

• 

s 

• 

0. 

■ 

a 

a, 

• 

S 

•  • 

a     s 

•  • 

a 

• 

9 

2 

CI 

Q 

• 

a. 

■ill 

(3  9(1  a 
< 

1 
.  543      .  490 

.672 

.790 

.761 

,876 

.886 

.751 

.582 

.756 

.  502 

,62:1 

.607 

.  5'.!8 

.703 

.  625 

.470 

.553 

.582' 

.718 

.780 

.595 

.5  4 

.506 

.681 

.  754 

.8:i6 

.  .3!}2 

.  693 

.541 

.619 

.595 

.568* 

.  628 

.  625 

.778 

.846 

.75i 

.501 

.mi 

.563 

n 

•  •«  «  •  • 

•  •  «  «  • 

.  5:*9     . 5.54 

0  '    9       9 

36 

.  ea^     .  47b 
.  7.)4     .74 

2  i     1 
10        5 

1 

10 
10 
8 
0 
0 
n 

10 

.Ifi!)      .884 

10 
0 
0 
3 
0 
5 

10 
9 
1 
9 
0 

62 

oi 

06 

io 

78 
05 

.  8;i8      .  6^»8 

.  b-\i     .  369 

-  -  . 

.  f>70  '  .  5.'>7 

.  7.V)      -  4H:i 

.5<i4 

.480 
.779 
.546 
.5/7 
.5:J9 
.t»6l 
.400 
.4:« 

.  5J5 
.647 
.441 

.556 
.6(k» 
.606 
.64) 
.629 
.440 
.483 
.6:J5 
.641 
.701 
.575 
.504 
.540 
.578 
.654 
.  843 
.6:« 
.676 
.510 
.507 
.519 
.5.50 

. 

2        8 

.61. J 

•    •   • 

9       8  11 
1        0,0 
0       0  1     3 
7        I  1     ."^ 

.674 

.  %\K 

.... 

.7J3 

..'>?^8 

I 

3   !     0 

.  49> 

0       0 
0       5 
9       7 

0 
3 

.  e«) 

■ 
... 

.68t) 

.  67r> 

10 
1 
0 
0 
0 
9 

10 
0 
1 
3 
0 
8 
1 

8       5 

0  0 

1  0 

2  1     0 
5       1 

10     10 

10       0 

.0       0 

5       5 

4        1 

.  69() 

......... 

.6  7  1  .-it'O 

.6:»  1  .474 
.iWO  1  .474 



— 

.  .  .  .  - 

.  tv48      .  5.59 

.  8.50      .  84.} 
,  79J      .716 

.712      .«J3 

.677 

.*J9 
.449 

.  :n5 

.  2<>5 

.  A'i'l 

1 
3 
2 

0 
9 

.5^^ 

.7:11 

."»9 

...... 

.... 



.      . 

.  665      .  521 

.652 

.  613      

....J..-. 

3.3 

0 
0 
0 
5 
0 
1 

4.2   3.0 

2.60 

.7.11 

.618 

7lM) 

.636 
.825 
.  564 
.677 
.  802 
.  62t> 
.(04 
.  .563 

.  8:« 
.612 

.  .58.» 
.898 
,828 
.601 

.8:w 

.6»« 
.486 
.7911 
.780 

.m\ 

.588 
.574 
.490 
.7.56 
.783 
.708 
.  8U2 
.  4.52 
.  .569 
.  1)53 
.577 

.662 
.752 
.668 
,  5ti.5 

........ 

5 
0 
I 
5 
5 
2 

5 
0 
0 
0 
9 
0 
0 

.7:11 

.  77*5  1  .  6<>:t 

.  5*?"J  1  . 4:fcj 

.67J  i  .518 

.  6-64 
.  572 
.  .599 

.04 

.716  1  .  .'<7 1 

• 

.  6H 1       .  4K1 

0  t    2 

.  t»48 

.761 

.  :iv>v> 

.479 
.4ij7 
.6«l 
..588 
.  .558 

.5<i:i 
.:{io 
.315 
.  H24 
.«'90 
.  42J 
.4  7 
.644 

.567 

... 

0       2       0 

.r,4H 

.747 
.  5.52 
.  59:J 
.610 
.735 
.  621 
.760 
.  642 
.480 
.576 
TM) 
.754 
.  522 
.  .550 
.578 
.643 

% 

0 
0 
(» 
0 

10 
0 

10 
3 
1 
0 

10 
0 

5       0 

.  7i*:J 

0 
0 

0 
0 

.718 

.  r^-zs 

10     10 
0       0 
8       3 
5       9 
0       5 
0       0 
7       3 
5       0 
0  i     0 

1. 19 

.776 

.  675 

1 

.  6i».') 

1 

' '*'r  * ' ' 
. « « « J  ■  •  > . 

.  .A  .  .  . 



.644 

.6;;24 

....!..-- 

.7H6 

.05 

.772 

.  .Oo? 

0  i    0       5 
3  1     1       5 

1  I     0  i     0 

.  iti'^ 

.h\^^^ 

,  670  !  .  5<W 

1 
0 
I 

10 
0 
2 
0 

10 

0       0 

0       0 

0       0 

10        0 

0  0 

1  0 
0       0 

2  10 

.727  i  .«•«» 

.713 

' 



.78:J 

.677 
.720 
.  240 
.246 
.:»6l 

.  723 

.788 
.  398 
.461 
.540 
.?i6 

.841 

.20 

.  50-J 

.569 

.  r>Ofi 

.8v'8  ;  .74.3 

.53 

1 

\ 

.ft:9  (  .5J5 

.670 

.628 

....I....I. ........ 

2.2   2.4    2.1 

2.01 

i 

1  , 

i 
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Reductions  of  the  monthly  metecrologieal  rtgisUr  of  lktnm%tf 


Date. 


Oct. 


Barometer  reduced  to  temperature 
of  .T2 '  Fuhr..  fXprcHHert  In  IJuited 
btateii  iacbeM  vud  dociinalii. 


TKMPKRATURE— FAHRENHEIT. 


1667. 
Sept.      1 

a 

3 
4 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Heaos. . . . 


1 
2 
3 
4 

5 
6 
7 
6 
9 

in 
n 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


If  earn 


a 


29.412 
29  375 
29.  276 
2J».  3I>9 
29.  i36 
2*^,  :J86 
29.659 
29.516 
29.  346 
29.  6(« 
29.  427 
29.226 
29.  136 
29.  542 
n  2«».379 
29.  323 
29.  482 
29.434 
29.  5!  13 
29.  4.53 
29.  654 
29.556 


d 

CI 


29.508 
29.518 
29.  H32 
29.412 
29.  242 
29.439 
29.637 


29.434 
29.  266 
29.  246 
29.311 
29.000 
20.  445 
19.  6.54 
29.  398 
29.416 
29.544 
29.286 
29.  15.3 
29.  .342 
29.509 
29.  248 
29.287 
19.  4-27 
29,600 
29.  328 
29.  5i5 
29.  .576 
29.564 
29.643 
29.  408 
29.  622 
29.  562 
19.  337 
29.  H3 
29.  .5.37 
29.530 


29.434  I  29.412 


29.307 
29.078 
29.  4.12 

29.  ;n5 

29.  :^27 
29. 762 
29.  825 
29.  560 
28. 1*28 

28.  ^:\fi 

29.  1.3;J 
29.417 
29.517 
29.  427 
29.397 
29.392 
29.231 
29.261 
29.286 
29.  376 
29.308 
2«>.  692 
29.857 
29.  803 
29.  652 
2!*.6l0 
29.640 
29.  680 
29.  470 
29. 392 
29.537 


29.088 
29. 229 
29. 377 
29.  270 
29.  462 
29.760 
29.  7."i0 
29.  377 
28.  878 
28.  t^^G 

445 


29 
2}» 


29.  462 

29.344 

29.377 

29.321 

29.206 

29,  206 

29.253 

29.  31 1 

29.  .399 

29.  677 

29.  814 

29.  750 

29.630 

29.600 

29.612 

2i).  560 

29.412 

29.348 

29.493 


a 

0> 


a 
if 
9S 


29.  402 
29.  198 
29.  :J02 
29.  258 
29.  118 
29.  .549 
2l>.  594 
29. 296 
2i».  487 
29.  484 
29. 239 
29.  1 10 
29.  462 
29.  446 
29. 248 
29.  342 
29.  452 
29.586 
29,312 
29.601 
29.583 
29.  .')93 
29.  648 
29.085 
29.  610 
29.  497 
29  292 
29.  165 
29.600 
29.420 


29.399 


29.  013 
29.  3;J2 
29.392 
29.  26  J 
29,610 
2!».  757 
29.  637 
29.209 
28.851 
29.018 
29.  321) 
29.  487 
29.  442 
29.  .332 
29.  364 
29.  .333 
29.  261 
29.  2*3 
29.291 
29.  .30! 
2!i.  544 
29.770 
29.  7J)2 
29  67.> 
29.610 
29  607 
29.594 
29.542 
29. 447 
29,320 
29.  406 


29.436 


29.404 


Wetbulh.  or 

point  of 
evaporation. 


Dry  bulb,  or  tem- 
perature of  the 
o|)«n  air. 


29.416 

29.280 

29.275 

29.313 

29.085 

2i».  460 

29.  6:^6 

29.403 

29.416 

29.  543 

29.  317 

29.  163 

29. 313 

29.499 

29.292 

29.  317 

29.454 

29.  .540 

29.381 

L29.593 

[29.604 

I  29.571 

29. 646 

29.334 

29.  58.3 

29.  564 

29.  347 

29.  183 

29,  525 

29.529 


29.419 


29.136 
29.213 
29.  41.7 
2i».  302 
29.  466 
2i).  760 
29.  731 
29.  382 

28.  886 
28.913 
*'9.  260 
29  4.50 

29.  474 
29.  368 
29.  379 
29.349 
29.  2:J3 
29. 2:1.3 
29.  277 
21>.329 
29.417 
29.  713 
29.821 
29.741 
29.631 
29.606 
29.615 
29  594 
29.  443 

28.  3.54 

29.  479 


S 

d 

I* 


46 

48 

5i 

49 

64 

48 

47 

52 

49 

43 

47 

51 

5.3 

49 

56 

68 

69 

67 

58 

58 

50 

51 

55 
49 
50 
.53 
52 
48 
36 


a 

6, 

C4 


49.4 


41 
52 
45 
38 
45 

:i8 
44 

42 

49 

45 

43 

37 

37 

39 

42 

52 

57 

47 

57 

.56 

51 

36 

30 

32 

43 

48 

43 

46 

34 

31 

34 


49 

59 

55 

.59 

69 

52 

56 

61 

53 

51 

58 

65 

52 

56 

64 

73 

74 

57 

73 

58 

55 

60 

60 

62 

47 

50 

55 

64 

45 

46 


S 

a 


45 

.58 

51 

57 

65 

51 

.52 

58 

50 

48 

52 

60 

50 

56 

68 

70 

70 

56 

69 

5! 

52 

57 

57 

57 

46 

44 

52 

62 

41 

42 


S7.  954.  9 


29.411      29.417  |43.  0 


53 

51 

46 

47 

46 

50 

49 

5:1 

48 

45 

45 

48 

57 

52 

52 

61 

&3 

61 

66 

58 

47 

45 

41 

47 

49 

48 

49 

47 

38 

31 

43 


49.5 


51 

47 

41 

46 

43 

45 

48 

51 

46 

44 

44 

4:2 

41 

46 

46 

57 

56 

56 

57 

52 

40 

3:1 

37 

43 

47 

47 

48 

39 

34 

41 

39 


S 


50 

51 

.55 

53 

68 

54 

.50 

5(> 

54 

47 

51 

56 

55 

45 

61 

72 

75 

72 

61 

6i 

54 

57 

•  •  •  I 

62 
59 
54 
59 
55 
54 
40 


s 

o. 


46 
65 


E 

CI 


57 
72 
69 
69 

8:? 

62 
^>4 
70 
61 
61 
71 
79 


62     60 

72     73 

87  i  80 

89  ;  79 

61 

86 

69 

70 

75 

69 

80 

55 

59 

64 

82 

53 

54 


a 
a 


51.7 
62.7 


56.  6168.  8 


60 
76 
58 
57 
61 
tte> 
68 
52 
47 
57 
68 
47 
46 


60.5 


46 
56 

52  I 

41  i 
48  I 

41  j 

^7 
47, 
54  ; 
51 

42  I 
39 
42 
45 
55 
65 
52 
60 
59 
54 
39 
34 
35 
48  , 
52 
45 
47 
36 
34 
38 


71      66 
60     53 


54 

45 

52 

50 

54 

46 

56 

51 

58 

54 

60 

6(1 

61 

56 

51 

49 

51 

49 

.55 

44 

63 

45 

67 

.55 

60 

55 

78 

64 

75 

62 

70 

61 

75 

6S 

77 

64 

50 

46 

39 


55 

55  !  41 


53 

50 

,  51 

50 

51 

49 

55 

51 

56 

44 

42 

37 

37 

44 

39 

44 

7 
0 
3 
3 


5.5.7 

68.7 

79. 

81. 

64. 

74. 

63.0 

60.3 

64.3 

63.5 

7a  0 

55.3 

52.3 

60.0 

68.3 

51.3 

46.7 


62.0 


61.7 
56.3 
50.3 
47.7 
49.  3 
49.3 
53.0 
35l7 
57.0 
50.3 
49.0 
47.0 
49.0 
54.7 
53.2 
65.7 
67.3 
61.0 
67.7 
66.7 
50.0 
44.3 
4.^3 
46.0 
49.7 
50.7 
50.3 
49.0 
38.3 
38.3 
.4^1.7 


6  S 

»  i 

a  a 

■— ■  mm 

«  .= 


VAPOR. 


Elasticity,  In  I'  S. 
lncbe«  aod  deei- 1 


.58 

60.7  1 

63 

61.7  1 

68 

73.0 

51 

56.7 

55 

56.3 

65 

63.7 

53 

56.0 

52 

53.3 

60 

60.7 

€7 

67.3 

55 

56.7 

62 

73 

71 

71 

64 

69 

66 

74 

71 

6:) 

72 

81 

71 

64 

76 

90 

91 

82 

87 

79 

78 

79 

70 

81 

83 

60 

66 

85 

70 

56 


46 
43 
53 
49 
62 


91 


74 

67 

57 

55 

55 

57 

i  GO 

!  63 

;  63 

1  .58 

i  63 

I  56 

j64 

169 

62 

80 

75 

76 

80 

78 

66 

56 

56 

56 

55 

.56 

.56 

56 

55 

44 

53 


45.4:46. 9  5a  1,51. 7,  52.2 


80 


S 

d 


E 

d 

CI 


t 


.2». 

.296. 

•  •Hi'  • 

.295. 

.543.5-,»  .57?.^: 


242.9fif>.2i3 

3  j7  . 3!*^:,  JC 
247.2!*2."« 
.•W7.3f*.»! 


49  1.2.5S 
46  ;.283 


50 

53 

44 

46 

54 

53 

52 

.58 

70 

74 

60 

59 

57 

49 

56 

54 

.57 

50 

47 

41 

51 

47 

40 


.36 
47 
47 
45 
44 
35 
34 
36 


3.35. 
282. 
225. 

270 . 
3<i8. 
376. 

3831 
6:11 
628. 
5.M3. 
.443. 
429. 

.295. 


40 


4161.3®. 
297'  3,M. 
24e.28«^ 
3.36 .  afi 
4:Jii.4*25. 
'J82i.2*5. 

3e»l. »»?. 
489;  61i», 
6.0.568. 
637.612. 
.4I-MS*. 
,(»  .611. 
,336.  art. 
,.531|.:tS 
,3l8L4l2s 
,  398i.  3!« 
,3161. 319 
,217i  -23?. 
,24-2l.-24*. 
,314.32? 
.  355].  476 
.  194'.  l?i 
.206.215 


Jii 

» 

301 

^i. 
.2* 

.31* 

.<:■»: 

.MIT 

.4* 
.»< 

.3^1 
.3*2 
.3W 
.335 
.& 

.320 
.3i0 

.liH 


348.3a>.374.a3 


45   .166 
Si\   .35^5 

45  •.  207 . 
40  ;.  19;: . 

46  t.260. 
.  190. 
.  24'» . 
.202. 
.282. 
.2^0. 
.225. 
.  155. 
.194. 
.109. 
.228. 
.349 
.3.59 
.257 

426 


164. 176. 1«^ 


vtw. 


44 

43 

43 

52 

49 

46 

42 

37 

41 

45 

53 

62 

51 

57 

58  !.409 

46  j.335 

39   .  173: 

32  '.121 

.  142 

.212 

.9t»2 

.251, 

.297 

.  170-. 

.139 

.144 


25.5-244.27 
206.?  5.  *K 
257;.2».2» 
206.2a*.S3S 

282i.22[>.i^ 
•.-J9l23«f.S«i 
3U».2i5.25S 
164Ll7^-»<S 
2iI0;.2.'3.»i; 
2a».22r.fl^ 
243. 24 1.  »g 

.i86.a6.3e| 

•,»♦;.  I  HSu2M{ 
310,573  344| 

415i.  *».*!! 

4lfi.»3l3aj 
51!»i.3l9ieii 

230l.3»l^ 

ac».i69|.«! 

I68l,  IIOL  I» 

074L  Iff.  ei 
2«l  1^.  iw; 

321. 283.  S» 
296;.  297.  »S 
2e9lS9K.?Ht 
V4'.  173. 
ml  157).  H 

l(».2lff.I 

i»'.i7in 


32  ,a».253|.S3S.»*J; 
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the  northern  and  northwestern  lakes  at  Milwaukee^  Ifiseonsin. 


VAPOR. 

WI.ND. 

Amount  of 

clouiliiunii. 

(0=clear 

—   4, 

n 

n 

t;  .  . 

zee  .2 

< 

II 
11 

Humidity. 
Saturation  =  1,000. 

Direction. 
From  whence. 

Velocity,  in 
mileMJ^  per 
hour. 

a 

r 
"5 

§ 

g 

8ky.) 
(10=rj»ky  en- 
tirely over- 

caitt.) 

C  —   t» 

d 

• 

S 

d 

• 
• 

• 

i 

• 

a 

• 

• 

p. 

CI 

• 

a 

• 

a. 

• 

• 

S 

• 

a 

• 
A. 

• 

6 

0 
1 
1 
0 
0 
0 
0 
0 

1 

0 
0 
0 

10 
0 
0 
5 
9 
8 

10 
i) 
0 
0 
0 
0 
0 

10 
0 

a 

• 

a 

CI 

0 
2 
0 
0 
2 
0 
5 
1 
8 
0 
0 
8 
0 
8 
5 
3 
5 

10 
5 

10 
1 
0 
0 
0 
0 
2 
n 

• 

a 

• 
Oi 

0 
0 
0 
0 
10 
0 
0 
8 
1 
0 
0 
9 
0 
5 
0 
5 
10 
10 
8 
0 
0 
0 
0 
0 
8 
2 
0 
0 
0 
0 

ill 

< 

716 

.521 
.417 
.350 
.518 
.461 
.461 
.575 
.570 
.553 
.  452 
.475 
.434 
.  .'V46 
.665 
.624 
.486 
.466 
.769 
53 
.475 
.442 
.,367 
.564 
.309 
.5(2 
.484 
.527 
.326 
.483 
.493 

.777 
.631 
.584 
.670 
.843 
.802 
.805 

.798 
.727 
.546 
.642 
.681 
.765 
.761 
.585 
.618 
.765 
.685 
.584 
.692 

.im 

.718 
.467 
.5i»8 
.TW 
.692 
.695 
.554 
.691 

.671 
.613 

O 

7<K) 

...... 

.29 

BU5 

.580 
.640 
.699 
.  625 
.  722 
.649 
.675 
.626 
.581 
.5r8 
.699 
.715 
.699 
.625 
.603 
.764 
.674 
.610 
.624 
.590 
.641 
.463 

TX3 

•  •  •  > 

793 

.68 

613 

7^6 

747 



.06 

-  674 

«  •  •  • 

6^ 

7*^2 

. 

687 

869 

06 

713 

^ 

^04 

.... 

TC4 

?.')H 

R-25 



02 

ITU 

.... 

. .  *\ 

33 

738 

634 

612 

.432 

.511 
.665 
.622 
.609 
.550 
.610 

.738 

647 

&L)5 

0  1     0 

1  5 

2  0 

613 

64.^ 

*  •  •  • 

718 

.494 

.685       6.11 

2.  2    9  7    9  F> 

1.46 

2 

9 
10 
0 
8 
0 
8 
0 
2 

7 

10 

10 

0 

9 

0 

9 

1 

in 

0 

5 

0 

10 

8 

0 

0 

3 

5 

10 

10 

0 

0 

0 

0 

0 

2 

0 

0 

0 

3 

0 

0 

10 

10 

10 

0 

0 

10 

10 

0 

3.4 

494 

.217 
.493 
.493 
.660 
.493 
.6JJ7 
.475 
.599 
.  3t;6 
.590 
.590 
.561 
.670 
.287 
.546 
.324 
.479 
.570 
.599 
.248 
.786 
.388 
.171 
.606 
.859 
.790 
.620 
.455 
.661 
.476 
.572 

.276 
.606 
.684 
.716 
.767 
.590 
.613 
.493 
.399 
.6W 
.638 
.836 
.684 
.445 
.445 
.625 
.665 
.713 
.467 
.385 
.543 
.463 
.653 
.515 
.786 

.a'a 

.790 
.597 
.712 
.756 
.597 

.329 
.615 
.571 

.  7i'5 

••«••. 

747 

535 

738 

.01 

777 

.679 
.  652 
.620 
.572 
.490 
.606 
.642 

.e.'w 

.723 
.492 
.  1)84 
.586 
.575 
.648 
.629 
.484 
.710 
.592 
.480 
.  606 
.753 
.790 
.750 
.658 
.725 
.648 
.599 

738 

"372 

624 

764 

.17 

590 

10  i  in 

6*)8 

10 
0 
0 

1 

0 
0 
2 
0 

10 
0 

10 
0 
0 
0 

10 
2 
3 

10 
0 
9 

10 

4.1 

10 

0 

0 

0 

0 

0 

5 

0 

5 

5 

10 

0 

0 

0 

10 

10 

9 

0 

10 

10 

0 

4  8 

577 

816 

744 

762 

809 

582 

660 

822 

919 

802 

.28 

726 

617 

696 

631 

20 

727 

.840 

923 

.802 

.  12 

712 

02 

.628 

...  .j ... . 

.717 

.526 

.611 

.618 

«  AA  •  •  . 

.00 

••••i'""^ —  «... 

1 
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Reductions  of  the  monthly  meteorologiral  register  of  the  smttcj  tj 


Date. 


Dec. 


1 
2 
3 
4 
5 

7 

8 

9 

10 

II 

12 

13 

14 

15 

16 

17 

18 

19 

2<» 

21 

22 

2.3 

21 

25 

2«i 

27 

28 

2^1 

30 

31 


1867. 

Nov.        1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 
•» 

23 
24 
2-) 
26 
27 
28 
2i) 
30 

Meaaii 


Barometer  reduced  to  t«mperRtnre 
o\'.\P  Frthr.,  expr»»»»ed  in  Uuiled 
IStutetf  iucht'ii  uud  decimutti. 


TEMPERATURE— FAHRENU  KIT. 


VAPOE. 


Wet  bulb,  or 

poiui  of 
evaporutioD. 


s 

CI 


29. 
2'«. 
•J8. 
VM. 
29. 

2«>. 

2.-<. 

28. 

29. 

2'.>. 

29. 

29. 

29. 

2^». 

29. 

29. 

2i». 

2«). 

2'». 

•J*) 

29. 

2^». 

2»». 

29. 

29. 

2M. 

29 

2i». 

21». 


197 
1)4 
«>77 
383 
642 
618 
III 
751 
978 
247 
427 
734 
415 
2,53 
571 
315 
36.3 
5(W 
573 

3J,H 

340 
237 

2W2 
111 
124 
47f- 
'478 
343 

531 


28. 
29. 
2H. 
2J». 
29. 
29. 


946 

164 

a« 

5.1.3 
740 
3-5 


2H.  923 


2-^ 
2il 
29 
2'.> 
29 
2«» 


7lhI 
015 
295 
.5' 18 
659 
335 

2i».:<8i 

29.  33:j 
2i».  590 
29.  343 
29.  4K{ 
29.  46 J 
29.  332 
29.  227 


29. 
29. 
2'». 


IH9 
235 
I-J3 


29.  207 
29.  501 


29. 
19. 
29. 


34;J 
256 
1-^7 
.548 


28.  996 

29.  116 
29.  0J3 

29.  647 

29.  m:\ 

29.  2;»7 
28  85*< 

28.  H58 

29.  132 
2^^.  :187 
2*>  631 
29.  4.58 
29.  129 
29.  5  8 
2  ♦.  232 
29.  5. '2 
2;^.  450 
2tl.  5vJ8 
29.  4o:{ 
2l».  402 
29.  2tO 
29.  224 
2?'.  I(i9 
29.  I-.TI 
2tJ.  a38 
29.  548 
29.  3:t8 
29.  195 
2M.  .340 
29.  482 


n 
OS 


w>9. 

;  29. 

I  28. 
I  29. 

2i<. 
I  29. 
'  2^. 

2H. 

29. 

•29. 

29. 

29. 

29. 

29. 

2t». 

29. 

29. 

2^> 

2<J. 

29. 

2.^. 

2!>. 

29. 

29. 

29. 

29. 
'  29. 
1  29. 
I  29. 


046 
145 
781 
521 
(i!>2 
437 

in»7 

8i>0 
04  J 
310 
555 
6l7 
293 

:i8i 

379 

:fe<5 
54  k; 

479 
3.'.4 
269 

217 
232 
121 
2-'3 

5tn» 

38(J 
265 
190 
520 


• 

s 

• 

a 

« 

J 

• 

a 

d 

t^ 

CI 

Ci 

o 

0 

o 

41 

51 

50 

43 

44 

41 

49 

43 

M 

30 

31 

28 

3) 

45 

32 

28 

45 

40 

:i8 

46 

45 

Dry  bulb,  or 

tem- 

perutnre  of 

tbe 

open  air. 

• 

s 

2 

a 

a 

, 

s 

00 

Cm            B.  > 

4> 

1^ 

CI 

CJ 

s 

Elasticity,  in  rs. 
iuchir*  aad  dad- 
nudn. 


K 


34 
31 

2! 
20 
27 

:h 

24 

29 

3;> 

21 

2M 
32 
32 
41 
.39 
51 
34 
27 
34 
2.> 
25 
1 


51 
39 
34 
28 
31 
40 
36 
3d 
34 
37 
26 
36 
46 
51 
52 
46 
57 
33 
35 
.{7 
35 
15 
U 


41 
M\ 

27 
26 
28 
39 
2e 
.38 
32 
35 
26 
32 
37 
43 
46 
51 
52 
32 
31 
34 
36 
7 
9 


49 
5J 
52 
34 
35 
:ft2 
46 
57 
40 

:w 
26 
2:1 
32 
.38 
27 
35 
36 
29 
.3:1 
38 
36 
44 
41 
53 
36 
29 
37 
31 
27 


!  65 
I  5.5 
47 
41 
I  48 
'  53 
i  50 
I  64 
53 
.36 
34 
38 
46 
49 
51 
43 
45 
35 
43 
58 
59 
61 
4!» 
61 
36 
41 
41 
37 
18 
14 


58 
49 
37 
X\ 

:i7 

5) 
52 
49 
46 
34 
31 
36 
46 
34 
.50 

:w 
:w 

33 

.37 
4) 
48 
19 
54 
.55 
37 
31 
.37 
38 


II 


.57.3 
52.0 
45.  3 
36.  0 
40.  0 
45.0 
49.  3 
56.7 
46.3 
:J8. 7 
:m).  .3 
32.  3 
41.3 
4K3 
42.  7 
28.7 
4  1.0 
32,3 
37.7 
45.3 
47.7 
51.3 
48.0 
56.3 
3ti.  3 
:M.7 
.38.  3 
35.  3 
18.0 
(^9.0 


67 
61 
56 
43 
50 
.56 
62 
64 
54 
49 
39 
40 
47 
50 
5:1  27 


45 
50 
37 
f:j 
32 
32 
46 
51 
40 
35 
26 
23 
32 
34 


52 

49 
41 
45 


35 
35 
27 
32 


60  .  35 

61  31 

62  40 
55  I  42 
61   54 


.56 
42 
43 
43 
41 
21 


35 
29 
32 
31 
9 
1 


.130 
.  160 

.121 

.  19 
.  108 
.  12"» 
.  .322 
.118 
.  116 
.  05«i 
.«r74 
.090 
.  123 
.095 
.091 
.098 
.  072 
.096 
.HO 
.  129 
.218 
.212 
.348 
.17.1 
.124 
.157 
.  137 
.112 
.034 


E 
d 


c     S 


.189.  255.  Wi 
.  144.15JJK 
.225.  157. -JS 
.O.VJ.l»).0Sf;J 
.26).ll6.Hi;i 
.  194.117.1401 
.25H.dtl7.l?:' 
.3lfi.153.9H4 
.055.(.''e.*J 
.010.1)^7.074 
.<*'5.(B<1  W^ 
.  0:JH.U6;J.(iT8i 

.  ift».  147.  i:a 

.(142. 1)83.  <»3 
.05J.  07-2. 075 
.079.HJJ.«tl! 
.116.152.12* 
.038. 1*1. '57 
.  I21.1I«>.11> 
.  153.l!*l.H«i 
.269.212.-3B; 
. -J69.27L23J 

.412.;M7.J71» 

.  l49.llhM43 
.  12»^.I39.15» 
.  16t».I.>7.l6l 
.  I7t».lr*fi.le7 
.aV2.(.f:{7.06: 

.u:i7.tm.aji' 


21».  316     2*^.287      2i}.  310  \  29  304  j3l.  9.3.-^.  4  34.  5.36.  2  46.  0  4t»  0   40.7      67 


1    .138.151.141.145 


29.  355 

29  3  If) 
2!>.  4'J! 
2!>.  318 
'^*}  211 

28.  5.->.J 
J!!  .530 

29.  7.'); I 
\.\).  '^\^ 
2!».  301 
2'.».  231 
29.  :r)H 
29.  .''V17 
2!».  34  1 
29.  .3»i4 
2'>.  168 
29.  <M7 
29.  .')l»4 
2H.  711 
2^».  346 

28.  :'57 

29.  «i!i2 
2'.».  214 
28  9  6 
29.  :)*i6 
2.'<.  819 
2;».  iu' \ 
2i)  ^04 
2.».  !8l 
29.  63  i 


29.304 
•j:?  461 

29.  .368 
29.  J8I 
29.217 
2^.  H29 
29.  .')72 
29.  679 
29.  :<21 
'■i'J.  29.3 
29.  243 
29.  445 
29.  .3:19 
29.  :i54 
21>.  276 

28.  98  > 

29.  194 
29.  674 
29.  5-^3 
29.  .54 1 
29.  107 
29.  1.34 
29.  (;8I 
2i».  216 
'^,  677 
29.  226 

28.  984 
29.531 
2i»,  840 

29.  94 1 
29  376 


29.  .304 
29.  546 
29.  4  «8 
114 
9*t4 
2!4I 
652 
705 
2;»3 


28, 
29, 
29. 
29. 
29. 


2'.».  254 
29.291 
29.  536 
29.  376 
2'».  .3H3 
29.  238 

28.  974 
2;».37l 

29.  774 
2}>.  .361 
29.  646 

28.  »^64 
2;^.  .3:'8 

29.  449 
2!^.  223 

101 
972 
.3.56 
596 


29.321 
29.  448 
29.4  6 
29.  204 
29.  141 
28.891 
29.  585 
712 
401 
283 
2.56 
446 
427 


21> 
28 
2i> 
29 


^K  88.3 
29.  796 
2'>.  156 


29 
2J* 
29 
25^, 
2i». 
29. 
29.  36i) 
29.  293 
2«».  (;40 
29.  204 
2iJ.  ♦i8 1 
29.  .552 
21>.  511 
29.  158 
29  143 
29.  608 
29.218 
28.  rt>5 
188 
063 
5.54 
842 
9(Mi 


29. 

29. 
29. 
2J>. 
2!i. 
2i».  -.ir^S 


17 

25 

24 

20 

29 

24 

27 

23 

29 

33 

28 

24 

17 

.33 

31 

14 

2.3 

18 

28 

19. 

24 

28 

22 

28 

.36 

24 

15 

40 

31 

4 

il 

9 

7 

16 

4 

16 

14 

6 

22 

17 

.30 

31 

20 

:i7 

24 

,   25 

25 

29 

27 

29 

2«> 

25 

30 

28 

17 

18 

20 

21 

21 

19 

21 

•22 

22 

24 

2.3 

^i^i 

19 

25 

26 

14 

24 

22 

16 

27 

24 

31 

31 

26 

35 

27 

25 

22 

31 

29 

15 

23 

H 

18 

27 

21 

26 

29 

23 

31 

28 

25 

16 

31 

29 

31 

3;; 

.38 

.3:1 

34 

30 

24 

18 

31 

'2^ 

3 

14 

17 

4 

17 

28 

34 

34 

32 

40 

40  1 

47  1 

31 

42 

49 

22  ; 

31 

M 

25 

.3.3 

35 

.33 

13 

38 

39 

11 

18 

14 

13 

23 

7 

15 

12 

10 

19 

6 

16 

12 

8 

20 

18 

26 

31 

19 

32 

27 

27 

21 

25 

31 

li 

13 

17 

31 

27 

28 

•22 

25 

•23 

25 

34 

2.^> 

16 

31 

19 

39 

21 

20 

36 

36 

16 
17 
14 
14 
34 


2.13 

29.7 

28.3 

23.  7 

27.0 

.30.0 

12.0 

1.5.0 

3)3 

27.7 

•28,7 

21.3 

23.  6 

24.7 

•2-2.7 

31.7 

•28  3 

2*1.3 

28.3 

26.3 

.35.  3 

26.7 

1:1  7 

.3(1.  0 

4-2.3 

3.'.  0 

31.0 

17.7 

14.3 

14.0 

28.3 


31 

35 

56 

30 

32 

44 

24 

24 

39 

36 

34 

32 

30 

2« 

30 

36 

38 

27 

35 

34 

4  J 

42 

2.3 

44 

50 

50 

42 

24 

21 

21 

36 


13 
27 
20 
15 
2) 
19 

6 

6 
15 
2t> 
27 
20 
21 
20 
15 
25 
25 
15 
15 
19 
15 
21 

3 
21 
36 
24 
16 
13 

9 
6 
9 


.060 
.072 
.096 
.037 

.  1ft) 
.018 

.  uw 

.06) 

.07.» 

.149 

.049 

,069 

.  HJO. 

'.  U59 . 

1.106. 

.  10 1  . 

.  052 . 

.  09 ! . 

.119. 

.151. 

.155. 

.U«. 

.  H"H . 

.221. 

.08«. 

.165. 

.  (M9 , 

.026. 

.ai4. 

.087. 


.089.fW.«l 
.tW.U7t.** 

.0llO.l(Ji».U5i 
.1.^3. 119.  en 
.IM9.WU.<81 

.oi4.tnj.ij»i: 

.U22.iH:».«Q3 
.01-6.139.095 

.  Il2.li2.tt9 

.  in.iw.is 

.ttu.  085.0* 
.ii79.iW.t77 

.07i.a3e'.ar7 

.Uy5.*4.0W 
.  I2!*.l»l^ 

.«ey.cH.(»i 

.t.7s"'.<5!». 

.il83.i:J7.1 

.089.036 

.155.216.  IV 

.083.065. 1«i 

.fJ4g.«'. 

.118.170. 

.297.II«.*1I 

.1511.186.1 

.  110.044.1' 

040.052. 
044.0a. 
(172. 1». 


Means. 


2;».  ;J-2     29.  354  I  29. 376 


29.  37 1    -20.  5t-.24.  5  22.  1  23. 4  28.  8  25. « 


•25.7     56 


3  i.0b7.*7.USi.t* 
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the  northern  and  northwesiem  lakes  <U  Milwaukee^  Wisconsin. 


VAPOR. 

WIND. 

Amount  of 

cloudiness. 

(0=clear 

Amount  of  evaporation,  in 
V.  S.  inches  and  deci- 
mals. 

melted 
inches 

Hnmiditj. 
Sataration  =  1,000. 

Direction. 
From  whence. 

Velocity,  in 
miles,  per 
hoar. 

13  t" 

1 
S 

a 

£ 

Hkv.) 
(10=nky  en- 
tirely over- 
cast) 

• 

B 

d 

• 

a 

d 

CI 

• 

a 

• 

at 

• 

9 

• 

a 

• 

a 

• 

01 

. 

a 
p. 

0) 

• 

a 

• 

• 

s 

d 

a 

• 

a 

« 

a 

• 
e 

i 
1 

10 
1 
0 
5 
5 
3 
0 
0 
0 
0 
0 
1 
2 

8 
3 
9 

10 
0 
0 
0 
0 

10 

10 
0 

10 
5 

10 
0 

3.5 

9 

0 

10 

3 

10 

1 

0 

0 

8 

10 

10 

10 

10 

10 

8 

10 

10 

10 

10 

10 

10 

10 

0 

10 

10 

0 

10 

9 

0 

0 

0 

6.7 

• 

a 

d 

CI 

3 

8 
10 
0 
0 
2 
2 
8 
0 
0 
9 
5 
0 
1 
1 
1 
1 

10 

9 

0 

0 

0 

9 

10 

10 

0 

10 

10 

10 

0 

4.3 

10 
0 
1 

10 

10 

0 

0 

0 

8 

10 

10 

9 

9 

10 

10 

10 

5 

0 

10 

0 

10 

8 

10 

5 

10 

9 

2 

0 

0 

0 

0 

• 

a 
d 

a% 

Ha 

< 

373 

.307 

.3;« 

.698 

.229 

777 

.529 
.439 
.712 
.510 
.527 
.322 
.5:15 
.439 
.26) 
.340 
.4dJ 
.291 
.471 
.432 
.199 
.450 
.636 
.3-22 
.527 
.732 
.631 
.781 
.8i»2 
.805 
.527 
.712 
.712 
.811 
.568 
.596 

.403 
.394 
.735 
.452 
.614 
.466 
.530 
.494 
.291 
.339 
.436 
.  432 
.503 
.363 
.3:0 
.394 
.495 
.319 
.490 
.497 
.593 
.680 
.802 
.813 
.678 
.658 
.692 
.802 
.618 
.590 

0 

0 
10 

1 
0 
0 
0 
0 
3 
0 
0 
5 
0 
9 
0 
0 
8 
2 

10 
0 
0 
0 
0 

10 
5 

10 
0 
9 

10 
0 
0 

3.1 

8 

0 

0 

10 

10 

0 

0 

0 

10 

10 

10 

2 

10 

10 

10 

lu 

10 

10 

10 

0 

10 

10 

10 

0 

0 

10 

10 

0 

0 

0 

10 

_ 

.411 

.794 

•  •  •  • 

-617 

.537 

.594  1  .483 

4U0      .7lfi 

69*2 

.351 
.137 
.127 
.432 

.408 

.476 

.550 

.397 

•  •-••-•/ 

"■. 

.598 

.... 

.  496 

5:?7  1  . 1'-W 

.  644     .  157 

.448     .283 

.  462  •  -  'it^a 

.449 

.185 
.  4.33 
.318 
.537 
.502 
.781 
.769 
.7»i5 
.488 
.653 
.807 
.S25 

.510 

.450 

.610 

.756 

.06 

.824 
.864 

.35 

.&f2 

1.08 

.775 

.712 

.788 

.04 

.761 

.718     .457 

'  •  •  ^^  « 



.601     .455 

.533 

v530 

1.53 

0 

"■  * 

.556 

..S56 
.496 
.281 
.303 
.543 
.2MI 
.164 
.184 
.392 
761 

.644 

.5-29 

.431 

.746 

.685 

.392 

.255 

.5u9 

.712 

.761 

.655 

.721 

.6-22 

.467 

.6-22 

.712 

.622 

.659 

.788 

.541 

.907 

.570 

.556 

.802 

.5.^) 

.811 

.492 

.509 

.635 

.635 

.712 

.585 
.491 
.407 
.480 
.604 
.439 
.242 
.404 
.55:1 
.657 
.771 
.574 
.605 
.576 
.642 
.698 
.587 
.571 
.664 
.594 
.833 
.669 
.602 
.624 
.744 
.744 
.558 
.490 
.435 
.533 
.652 

• 

.449 

.510 

.371 

" 

.01 

.584 

.... 

• 

.01 

.645 

5U0 

556 

.  449 

d90     .768 

.60 

.431      .570 

.584     .610 

746      Sir* 

.659 

.644 
.628 
.556 
.529 
.480 
.556 
.792 
.543 
.509 
.476 
.853 
.800 
.463 
.337 
.392 
.412 
.398 

*  *  * 

.754 

.5d2 

525 

.730 



.05 

.6B5 

800 

.60 

893 

.740 

594 

.829 

.24 

.622 

.719 

.623 

377 

.553 

.845 

.618 

.510 

.621 

.583 

5.7 

6.1 

1.51 

• 

69  w— Part  U 
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Reductions  of  the  monthly  meteorological  register  of  the  tsrvef  rf 


Date. 


1867. 

Jau.       1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

13 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

MCfiDB.  .  . . 


Feb. 


1 
2 
3 
4 

5 
6 
7 
8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26  I 

27 

28 


Mennis. 


Barometer  reduced  to  temperatare 
of  32°  Fahr..expri>ai}ediu  United 
Stttteti  incheit  and  decimals. 


6 

1^ 


29.655 
29.6(18 
29.  3:i8 
29.  .341 
28.931 
29.094 
29.0:» 
28.985 
29.111 


29.206 
29.627 
29.363 
29.457 
29. 5-24 
29.313 
29.331 
29.824 
29.  593 
29.  195 

28.  i>97 
21>.  .T?2 

29.  520 
29.835 
29.456 

28.  892 

29.  247 
29.  492 
29.  5:10 
29.717 
29.  351 


29.364 


29.153 


28.771 
28.929 
29.147 
29.266 
29.376 
29.  246 
29.095 
29.  598 
29.611 
29.  5.3! 
29.  2:M 
2J).656 
29.  61)1 

28.  847 

29.  358 
29.  178 
29.555 
29.315 


a 

d 


29. 60S 
29.357 
29.219 
29.343 
28.882 
29.21)1 
29.048 
29.055 
29.  135 


29.366 


29.206 
29.418 
29.567 
29.220 
29.610 
29.773 


29.077 
29.074 
29.350 


29  862 
29.072 
28.925 
29.269 
29.363 
29.545 
29.644 
29.209 


29.309 


29.  583 


29.217 
2<).  413 
29.471 


28.721 

28.ft32 

29.  182 

29.418 

29.391 

29.  150 

29.064 

29.  8('8 

29.458 

29,  490 

29.014 

29.660 

29.543 

28. 854 

29.376 

29.  124 

29.517 

29.338 

29.194 

29.530 


a 


o 

s 


29.376 
29.305 
'29.312 

28.668 
29.284 


29.112 
29.197 


29.473 
29.610 
29.265 
29.362 
29.453 
29.180 
29.701 
29.723 
29.316 
29.077 
29.134 
29.475 
29.723 
29.717 
28.687 


29.630 
29.447 
29.287 
29.332 
28.894 
29.193 
29.044 
29.051 
29.148 


TEMPERATURE— FAHRENHEIT. 


Wet  bulb,  or 

point  of 
evaporation. 


a 


29.435 
29.356 
29.792 
29.551 
28.929 


29.344 


29.348 
29.619 
29.278 
29.412 
29.515 
29.238 
29.547 
29.773 

29.116 
29.068 
29.399 
29.  622 
29.805 
29. 072 
28.909 
29.317 
29.404 
29.  622 
29.637 
29.163 


11 

10 

II 

27 

27 

22 

5 

8 

9.5 


6 
15 
20 
19 
14 


a 


14 
18 
22 
30 
31 
21 
11 
17 
16.5 


a 


14.5 
23 

28.5 
26 
10 

•  •  •  < 

10 

8 


18  I  la 

....'17.5 
22. 5  20. 5 


Dry  balb,  or  tem- 
perature of  the 
open  air. 


a 

el 


O 

14 
12 
13 
29 
29 
24.5 
8 
10 
12 


20 
19 


16.5  21 


29.339 


19 
6 

-  7 

-  8 
19 
19 
14 
20 
24 
17 
15 
14 

1 

-14 

12 


14 
12 


12.4 


29.332 
28.794 
28.879 

29.238 
29.  432 
29.374 
29.  (t68 
29.  2i»8 
29.8t7 
29.  522 
29.  442 
29.  128 
29.792 
29.240 
29.063 
29.367 
29.376 


\ 


29.205 
29.  3*)3 
29.577 
29,610 
29.276 


29.345 
29.333 


29.  243 

28.794 
28.  790 

28.  930 

29.  189 
29.372 
29.  380 
29.121 
29.152 
29.774 
29.5.30 
29.488 
29.  159 
29.7a3 
29.461 

28.  921 

29.  .367 
29.226 
29.  ivie 
29.327 
29.  269 
29.  482 


29.5 


18 
17 
19 
13 
3 

....-2 

11.5  19 

15.5  22 

20  17 

17 

25 

26 


26 
24 
21 
22 
16 
6 
1 
20 


17 

13 

0 

9 

23 


o 

17 
21 
24 
32 
33 
23 
13 
20 
19 


17 
25.5 

30 
28.5 

13 

is 

10.5 


8 

n.5 

22 

21 

16 

18.5 

21 

9 

-  5 

-  6 
21 
21 
16 
22 
26 
19 
18 
17 

3 
-12  i 


20 

'24' 
22 
21 
23 
16 
15 

i3.'5 
17 
22 

28 
26 
23 
24 
18 

9 

3 


15  I  22 


a 


25 


o 

15.5 
16,7 
3a8 
30.3 
30.2 
2a2 
10.5 
14.3 
13.8 


13     13.7 


20 
22 
20 
19 
21 
15 


18.8 
22.7 
91.0 
18.7 
2a8 
17.3 


5. 5    09. 8 
0-02.3 
09.3 


21 
24 
20 
20 
27 
28 

»  •  •  • 

20 
16 
3 
12 
25 


2a7 
21.0 

lao 

25^7 
26.7 
21.0 
2a7 
17.0 
05.0 
01.0 
16.3 


18. 115.7  14.3  20.3  lai    17.2 


22.5 

26 

24 


32 


25 


17.5 


22.5  26.5 
14. 5  23.  5 
26     28   29.528.5 

21  !  30   29.5   23 

22  I  34   33.524.5 


25 
28 

29.  5  27. 5 
26 


29. 192 
29.  363 
29.544 
29.915 
29. 263 


27.5 
25.5 
1 
9 
33.5 

33 

.30 

20 
3.5.  5 
26.5 

28 

20  I 

21 

•  •  •  ■ 

19 


33.  5 

2.)  I 

1.7i 
21.. 5 

34 

37 

27 

27 

.32 

.30 

34 

21 

20 

28 

15 


36 
7 
14 
33 
{35.  5 
I  42 
19.5' 
.30  I 
.129.5 


dO 
28 
3 
11.5 
25 
35 
32 
22 
38 


3:1.  5  29.  5 


32 


28 
22 


30 
22.5 
23.5 
i ' 

21  i 


29. 205  132  5  34. 5  28 


31 
I  32 
37 
36 
22 
20 
23.5 
:)6 
.39 
29 
29 
35 
3.3 
.36 
23 
22 
30 
17 


29.393 
29.  5.31 
29.  553 
29.  269 


35 


23 
22 


26   2.5.5:  25 


32 
.36 
34 


27 
31 
35 


24 


38 
29 
36 
39 


32 

32 

36 
38.5 

9.  5 
16.5 

35  I 

37  I 
43.5 

22  : 

31   j 

32 
35.5 

35 


30 
24 


28.5 
28.0 
27.3 
14.5 
3a5 
29.0 
32.5 
34.8 
19.8 
13.2 
23.3 
32.7 
39.2 
27.7 
27.3 
35.0 
32.7 
37.0 
22.8 
22.8 
30.0 
20.7 


a 

a 
■a 

as 


a 
a 

i 


TAPOR. 


Elatticltj.tBU.S. 
lDcbe«ud(kci- 
mall. 


a 

ad 


S  1  c 


a 

a 


II 

10 
20.5 
24.5 

12 


.037 
5.017 


8 
8.5 


021.049. 

04U .  069. 

.  038 .  063i. 


5 

8.5 

1? 

19 

13 

15.51 

9 

4 

-  8 

-  9 

17 
10 

15 

20 

25 


.049 
.124 
.124 

.oe9 


o. 
en 

048! 

065. 

095. 

144|. 

151 

091*. 


OO' 
061. W!< 
096.(80 
139|.  136| 
ll^-lS 
034.011 
....(B5 
034J.045 


15.5 
14.5 

0 

-15 

10 


-..-15 


30  34.3 

2^  27. 3 

30  I  .30.0 

34  36.5 


36.5  37.5   37.0 


\ 


29.3\\  \'i».'aVA 


'2S.'3fl\  \  *2».  3 J2  2.3.  6  28.  0  28.  0  25.  4  30.  71.30. 41  27.  6 


034.076 
067.... 
065.  103 
080 .  0^1. 
059 .  08i> 
069.(90. 
0(».(^ 
023.041 
0U9    ... 
007.050J. 
080.0?!'. 
080.085. 

059 

085.117. 
106.106. 
071.090;. 
052.0051 
048.067'. 
023.023. 

023. 

041.085. 


104.0^ 
06^.063 
093.094 

076.  oeo 

071  Low 

oeiiow 

(56.0© 
022.02? 
017.013 
OK)lW« 
0951. 0*2 
060i.073 

oeot.os) 

11?.  1(& 
117.130 
..1.0^ 

0441.  (61 
010'.  019 
031 ! '"27 
IftiOTJ 


.O58.(rre.U66.08S 


25 

27.5 

22 

22" 

21 

26 
28.5 
9.5 
0 

8.5 

31 

35 

22 
15.5 
29.5 

27 

27 


134 


21 
1&5 


,  092 .  109L 
,  044 .  0971 

112.119. 

(90.144. 
.089.157. 

121.159. 
,109.085 

023.060. 

ar7.li92. 

172.170L 

162.194. 

144 .  124;. 

085 .  124j. 

175.142,. 

109.  132;. 

130 .  170|. 

OTy.UW. 

084.085. 
VJ). 

080.063. 


092.113 
,117.117 
089!.  097 
....l07i> 
134.122 
1.-J4.1S3 
I»,135 
179.153 
031.(775 
064.045 
l<e.U?7 
1*,1T7 
847.301 
0W.I15 
155'.  131 
134 .  IW 

ies.i3S 

14*.  147| 

...i.(Jw 


27.5.152. 154. 130- Jg 
.  100 .  lOS".  u».  iw 
,095.129.113."* 

....!.  m.iaj.iw 

....1 163. 171 -l^!^ 


23 

20 

19.5 

32 


0 


062.1*.  131.11* 
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the  northern  and  nftrthwestem  lakes  at  Tawas  Ct/|f,  Michigan, 


VAPOR. 

WIND. 

Amount  of 
cloudiness. 
(0  =  clear 

Amount  of  evaporation,  in 
U.  8.  inches  and  deci- 
mals. 

melted 
inches 

Humidity. 
Saturation  =  1,000. 

Direction. 
From  whence. 

Velocity,  in 
miles,  per 
hour. 

la 

• 

§ 

1 

(10  =  tiliy  en- 
tirely over- 
cast.) 

OOQ 

a  .  « 

■ 

S 

d 

• 

a 

• 

• 

a 

■ 

9 

■ 

a 

• 

a 

« 

0. 

■ 

0. 

• 

a 
d 

4 

8 
2 
2 
2 
5 
3 
3 
8 

• 

a 

■ 

p. 

8 

18 

8 

3 

2 

10 

4 

4 

12 

• 

a 

• 
a> 

"5' 

12 

2 

2 

5 

■  •  •  • 

6 

17 

• 

a 
d 

1 

8 
5 
8 
10 
10 
0 
0 
5 

■ 

a 

• 
ct 

8 
5 
8 
10 
10 
8 
5 
8 
0 

• 

a 

d 

115 
< 

.457 

.509 
.570 
.738 
.794 
.800 
.730 
.623 
.556 
.616 

".'665* 
.689 
.836 
.716 
.438 

.'438' 
.488 

.483 
.480 
.683 
.802 
.764 
.616 
.479 
.525 
.539 

SW. .. 
SW^.  .. 
SW.  .. 
8W.  .. 
SE  ... 
NW... 
W^ .  ... 
NW  .. 
NW... 

SW. .. 

4.0 
10.3 
7.3 
1.9 
1.7 

&7 
2.3 

a3 

12.3 

0 

8. 45  W. 
8.  45  W. 
8.  45  V- 
South  . . 
8. 13  W. 
N.  45  W. 
West.  .. 
N.22W. 
N.  45  W. 

.206 

8W. .. 
8W.  .. 

8 

SW.  .. 
NW... 
w 

SW... 
SW... 
SE. ... 
8W... 
NW... 

8 
10 
10 
10 

0 

.623 

.775 

.775 

.680 
.334 

.08 

.562 

NE.  .. 
NW... 

NW.'.. 
NW... 

0 
0 

.513 

.553< 

.702 

'.803' 
.721 
.712 
.730 
.650 
.475 

'.'629' 
.758 
.721 

*."768' 
.754 

.rjo 

.738 
.682 
.356 
.460 
.721 

.438 
.6-29 
.790 
.702 
.692 
.712 
.648 
.388 
.393 
.712 
.738 
.556 
.556 
.761 
.768 

.'556* 

.492 

.193 

.448 

.746 

.564 
.613 
.771 
.712 
.688 
.710 

.6rj 

.406 
.325 
.522 
.734 
.663 
.608 
.750 
.759 
.711 
.606 
.561 
.336 
.439 
.647 

NW... 
NW... 

NW.  . 

NW... 
NW... 
NR.  .. 
NW... 

8 

NW... 

N 

W.... 
W  .... 
NE.  .. 
NW... 

N 

W  .... 
SW... 
s  w ... 

2 

6 

20 

4 

4 

2 

15 

10 

2 

2 

10 

6 

3 

8 

20 

10 

3 

2 

2 

2 

4 

3 

'io' 
4 
2 

2 

15 

8 

•  •  •  • 

8 
17 
10 

■  •  •  • 

8 
35 
15 
16 
15 
18 
18 
10 

2 
15 

4 

2 
15 

2 
12 

1 

2 
15 
10 

3 

3 
.5 
15 

•  •  •  • 

2 
10 

2 
20 
16 

2.3 

N.  4.5  E 

4 

9 
10 
10 
10 
10 
10 

9 

0 
10 
10 

5 

5 
10 
10 
10 

0 
10 

0 

0 
10 

6.6 
6 

5 

0 

.597 

7.0  N.45  W. 

la  0  8. 53  E  . 

.721 

8E.... 
NW... 
NW... 
NW... 
NW... 
NW... 

w. ... 

SB. ... 
NW.  . 
NE.  .. 
NW.  . 
NW... 
N 

10 
10 
10 
10 
10 
2 

'io' 
10 
10 

•  •  •  • 

10 
10 
10 
10 
10 

6 

9 

10 

7.2 

•  •  «  • 

10 

10 

10 

10 

10 

0 

0 

10 

10 

10 

0 

10 

10 

.712 
.659 
.687 
.712 
.356 

3.3 
3.7 
2.0 

13.3 
5.7 
1.3 
5.7 

12.3 
6.0 
2.0 
7.0 

13.3 
6.0 
7.0 
9.0 
7.3 

12.0 
6.7 

N.45W. 
8.  8  W 
N.  45  W. 
N.32  W. 
N.  27  W. 
West... 
N.9E.. 
N.45  W. 
N.39  W. 
N.70W. 
8.  45  W. 
N.45E 
N.79  W. 
N.45W. 
West.  .. 
West.  .. 
S.  27W. 
South  . . 

.16 
.30 
.06 
.04 

.257 

.225 

W.  ... 
NW... 
NW... 
NW... 

NW... 
NW... 
NW... 

.712 
.712 
.659 

.22 
.24 

.721 

8  W.  .. 
NE.  .. 
SW.  .. 
NW... 
W.  ... 
W.  ... 
W.  ... 
8 

8W.  .. 
NE.  .. 
NW... 

.754 

.692 

.72 

.525 

NW... 
W  .... 
W  .... 
8 

39  -    •  •  •  • 

NW... 
W  .... 
W.... 

S  W^ ... 
8 

.509 

.46J 

0 
10 
10 

6.6 

5 

10 

0 

.475 

.574 

.668 

.598 

.605 

3.0 

3.7 
5.0 
2.7 
2.3 
5.0 
1.3 
6.0 
2.7 
7.3 
3.3 
9.3 
5.3 
2.3 
3.7 
11.0 
20.1) 
6.3 

ao 

4.3 
2.3 

1.7 
8.0 

N.75  W. 

1.82 

6 

5 

15 

2 

•  •  «  ■ 

4 
4 

11 
2 

11 
2 
3 
3 
4 
3 

11 

14 
3 

10 

•  •  «  ■ 

2 
13 

.744 

.684 
.768 
.593 

.744' 

.744 

.753 

.768 

.470 

.582 

.797 

.854 

.875 

.652 

.89.3 

.744 

.799 

.698 

.782' 
.7.38 

.714 
.768 
.649 
.571 
.715 
.756 
.715 
.750 
.6X> 
.5:J3 
.679 
.834 
.829 
.740 
.796 
.736 
.724 
.761 
.694 
.695 
.782 
.TJ? 

SW.  .. 
N 

8.  45  W. 
North  .. 

.684 

.670 
.694 
.685 
.794 
.712 
.753 
.721 
.556 
.734 
.802 
.816 
.775 
.775 
.698 
.703 
.802 
.730 
.721 
.782 
.761 

NW... 
W.  ... 
SW.  .. 
NE.  .- 
W.  ... 
W^ .  ... 
NW... 
W.  ... 
SW... 
SW.  .. 
NE.  .. 
NW... 
NE.  .. 
SW... 
SW.  .. 
SW... 
NW.  . 
W  .... 

Nw!".*. 

NW... 

W  £i  •  •  • 

W  .... 

3 
2 
6 
5 

4 

8 
5 
4 

N.53W. 
N.32E 
8.  45  W. 
S.  10  E 
8.  33  W. 
S.  15  W. 
N.  45  W. 
South  .  . 
8.  45  W. 
8.  38  W. 
S.  12  E 
N.59  W. 
N.  45E 
8.  45  W. 
8.  45  W. 
N.  5  W  . 
N.  18  E 
N.32E 
N.29E 
N.40E 

5 

0 
10 
5 
0 
5 
8 
0 

0- 

10 
10 
10 
8 
2 
5 
8 
8 
3 

•  •  •  • 

5 

io" 

3 

10 

8 
10 
10 

3 
10 
10 
10 
10 
10 
10 

0 
10 
10 

9 
10 
10 

.448 

.7lff 

SW.  .. 

8 

S 

S 

NW... 

8 

SW.  .. 
SW.  .. 

3 

NW... 
NE.  .. 
SW.  .. 
SW.  .. 
NE  .  . . 
NE.  .. 

SW.  .. 
SW... 
SW... 

8 

NW... 
W  . . . . 
8  W.  . . 

S 

SW.  .. 
SW... 
NE    .. 
SW.  .. 
SW... 
N 

10 
10 

9 
10 

0 

0 
10 
10 
10 

8 
10 

8 
10 
10 

.730 

.680 

2       8 

.729 

2 

5 

2 

10 

4 

6 

3 

10 

16 

8 

5 

5 

2 

*2 

5 

6 

10 

15 

10 

8 

8 

12 

30 

8 

4 

12 

8 

4 

11 

.713 

.460 

.505 

.847 

.797 

.794 

.T21 

.765 
.670 

.50 

.782 

.658 

.669 

NB  .  .. 

NE.  .. 
NE  .  .. 

N 

NE.  .. 

10 
10 

.712 

1 

.747 

.673 
.665 
.610 
.726 
.756 

.782 
.711 
.675 
.712 
.762 

.734 

.707 
.674 
.719 
.759 

NW.  . 
W  .... 
NW.  . 

NW... 
Slii  ■ . . . 
NW... 

8 

E 

SW.  .. 
ati  • . . . 
SW.  .. 
SW.  .. 
E.  ... 

11 
3 
2 

•  •  •  • 

3 
3 
4 
2 
2 

5 
8 
2 
6 
2 

.5.0 
3.0 
2.0 
2.7 

1.3 

1.4 

N.  63  W. 
8.  32  E 
N  62  W. 
S.  32  W. 
Eaitt. ... 

4 
0 
3 

16  1  io 

.746 

0 

2 

9 

10 
3 
5 

.738 

8     10 

1   8.0   8.C 

5.C 

.696 

.724 

.732 

.719 

1 

S.73W 

) 

.50 

•** |. ....... 

1 

\ 
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RtduiUionM  of  the  monihlff  metemologUal  register  of  ike  ntne$  #f 


Date. 


1867, 
March 


1 

a 

3 
4 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 


Means.. 


April 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 


Meani... 


Barometer  reduced  to  temperatare 
of  309  Fahr.  ,ezpre«tied  in  United 
States  inches  and  decimals. 


TEMPKRATURX— FAHRCNHKIT. 


Wet  bnlb,  or 

point  of 
evaporation. 


S 


29.042 

29.122 

29.398 

29.2U0 

29.530 

29.741 

29.330 

29.675 

29.562 

29.U57 

29.376 

29.366 

29.  J56 

29.  49  L 

29.663 

29.506 

29.024 

29.322 

29.503 

29.696 

29.451 

29.350 

39.455 

29.335 

29.  446 

29.613 

29.165 

29.337 

29.270 


29.386 


28.736 
29.  184 
29.456 
28.i<99 
28.877 
29.  127 
29.126 
29.232 
29.569 
29.29J 
29. 136 
29.230 
29.291 
29.026 
29.106 
29.457 
29.075 
29.390 
28.966 
29.161 
28.947 


29.466 
29.352 
29.254 
29.042 
29.356 
29.079 
29.373 
29.107 


29.187 


a 

01 


28.771 
29.301 
29.237 
29.264 
29.556 
29.610 
2S).426 


29.456 
28.843 
29.482 
29.267 
29.155 


S 

Ok 


28.687 
29.274 
29.112 
29.372 


99.459 
29.629 


29.597 
29.291 
29.068 
29.315 


29.433 
28.861 


29.355 
29.293 
29.567 
29.620 
19  158 
29.297 


29.672 
29.225 


29.447 
29.2:r7 
29.585 
29.515 
29.177 
29.294 
29.209 
29.092 
28.975 


29.300 


2a  786 
29.278 


29.045 
28.964 
28.954 
29.203 
29.350 
29.422 
29.176 


29.350 
29.172 
29.020 
29.162 
29.396 
29.639 
29.305 
28.901 


29,074 
29.420 
2iK  371 
29.290 


29.583 
29.659 
29.277 
29.275 
29.438 
29.297 
29.658 
29.2*»5 
29.229 
29.335 


29.099 


29.329 


2&906 


2a  957 
29.  too 
28.981 
29.293 
29.515 
29.338 
29.151 


29.287 
29.138 
29.011 
29.225 
29.527 
29.508 
29.203 
29.079 


29.230 
29.'466 


28.946 
29.444 
29.151 
29.305 
28.991 


29.423 
99.193 
99.279 
29.024 


99.197 


29.217 


i 


2a  833 
29.232 
29.249 
29.279 
29.543 
99.603 
29.462 
29.675 
29.480 
28.920 
29.429 
169.329 
29.201 
29.  ."529 
29.627 
20.318 
29.130 
29.319 
29.543 
29.676 
29.351 
29.313 
29.447 
29.290 
29.563 
29.471 
29.190 
29.322 
29.240 
29.066 
28.975 


6 

Ol 


33 

19 

7 
19 
16.5 
10.5 
25 
16 
25 
31 
30 
21 
25 

2.51 

6 

20.5 
21.5 

7 
13 
19 
26 
33 
32 
32 
23 
18 
27 
20 
20 


37 
18 
19 
23 
25 
23 
30 


29.378 


2a  809 

29.231 

29.456 

29.000 

2a  980 

29.021 

29.207 

29.366 

29.  44.) 

29.206 

29.136 

29.289 

29.200 

29.019 

29.164 

29.460 

29.407 

29.299 

28.982 

29.  161 

29.084 

29.420 

29.  412 

29.321 

29.254 

28.994 

20.408 

29.141 

29.319 

99.041 


34 

33. 

32. 

26 

23 

ii" 

29. 
24. 
23 

■  •  • 

41 
32 

34* 

33 

26 

26 

29 

28 

36 

40 

40 


a 

a» 


42.5 
17 
20 
24 

23* 

27 


Dry  bulb,  or  tern- 
peiatnre  of  the 
open  air. 


el 


a 


29 
5.?8 


27 
15 
15 
14 
26 
16 


20.6 


37.5 

30 

26 

2a5 

35 

23 

35 

30 

28.5 

|24. 5 

32.5 

30 

40 

46 

47 

38 

31 

41 

45 

34 

.30 

32' 

32 

46 

43 

2? 

46 

32 

40 


2a8 


40 
28 


37 

31 

36 

38. 

43 

3d 

35t 


45 
51 
46 
44 
49 
44 
49 
41 


33 
41 
39 
46 


52 
32 
48 
45 
43 


30 
27 

:n 
35 

31 
33 

27 


35 

22 

10 

20 

19 

12.5 

26.5 

ia5 

27.5 
32.5 
32 
23.5 
2&5 
5 

a  5 

23 

24 

10 

16 

22 

28.5 

34 

34 

34 

25 


38 
20 
21 
25 
29 
25 
32. 


23. 5  20 
26.529.5 


27 


31 


22.5 
22.5 


.38 

35 

29 
26 

•  «  • 

13 
32 
27 
25 

45* 
34 

36* 

35 

29 

29 

32 

.32 

40 

46 

42 


a 


44 

20 
22 
26 

•  •  a 

25 
30 


26.322.9 


46 


35.5 

29 

40 

39 

34 

.39.5 

40 


42 
49 
47 
47 
49 
38 
47 
42 


32.5 


3a5 

32.5 

28 

30 

37 

25 

38 

32 

31 

27 

35 

32 

49 

48 

49 

41 

34 

42.5 

48 

36 

32 


39 
39.51 

29* 

18 
17 
16 
27 
18 

32' 

30 

35 

36 

33 

35 

29.5 

25.5 

29 

30 

34 


31.6 


39 


33 
44 
44 

41 


34 
35 
48 
47 
99 
47 
36 
42 


29.908  34.8 


41.3 


43 
42 


39 
33 

40 
42 
45 

40 

38 


49 
55 
48 
47. 
53 
47 
52. 
46 


35 
44 

42 
50 


55 
36 
51 

4a 

46. 


2ai 


42 


37 
31 
42 
41 
36 
42 
42 


44 

51 
49 
49 
51 
40 
49 
45.5 


33 

•  •  « 

41 


40. 5p7.  1  44.  9 


36 
46 
46.5 
43 


49.6 


a 


39.0 
20.7 
17.7 
23.7 
24.0 
20.8 
29.7 

ia5 

32.5 
35.5 
22.3 
27.2 
23.5 
07.3 
12.5 
27.3 
2:1.0 
17.5 
24.0 
32.3 
32.5 
35.0 
34.3 
34.7 
27.8 
24.8 
30.2 
28.2 
31.3 
40.0 
42.0 


27.1 


41.2 
37.3 
28.0 
35.3 
33.7 
35.7 
40.3 
37.7 
37.7 
35.7 
35.0 
41.7 
49.3 
4a  3 
4a  5 
48.3 
40.3 

4a  0 
4a  5 

36.0 
33.3 
44.0 
39.0 
49.5 
4a  0 
51.0 
33.7 
48.0 
4a  7 
43.8 


41.0 


a 

0 

J 

M 


a 

0 

a 


32.51 
16 
5.5 

17 

•  « 

9 
92.51 


TAPOR. 


Elasticity  ia  U.S. 
inches  { 


a 

id 


E 
6, 


15 
30 


21 
16 

3 

5l5 

7 
18 

15" 

25 

26 

30 

25.5 

30.5 

23 

ia5 

25 
21 

30* 


21 


30 

30 

24 

35 

32. 5 . 

28 

25..'> 


169.907. 
069^.076. 
CK26.080. 
092.100. 
063.089. 
047|.  100. 
118!.  138. 
161... .|. 
IO6.I44L 
157,.  17». 
144.1521. 
C«4.106. 
118. 
020. 
029  04 
O8II.  134 . 

oee.  103. 

126 .  100 
«44|. 
069.205. 
112.15d!. 
175 
155. 1701. 
1551. 1691 
lOOL  106 
076:.  106 
118 .  126j. 
079.108 
079.160. 

1681. 

221 


.  095:.  131 


.  122. 118 


30 

35.5 

43 

45 

40 

32 

36 

37 


211 1.908!.  221. 813 
138i...-i 1* 

n7i....!....'.ii: 

139i.  194 . 1».  174 
171^.151.137.1551 
ia»!.  160.221.1 
165. 177. 212.1 
144.251. 17U.l«i 
128. 2031.310!.  1SD| 

.2211.111! 


086.175 

152 

144 

221 

984 

997 


.321 


.247.241.91 


K 


.381.1 


.984i,»7. 
I9J^.99&.»L' 


139. 949.  «a.  It 

238.309L9971 

960'.19S;.22ll 

i7o..r?;....Ln 

30    1.  144.  l«.17«lU 
9181. ...L«« 


9a5.159.19»l,.2l3!.U 

1421.2581 

284, 

2I». 
97    L  194.  ISij.  14>. 
37.5.297.9961*32.1  ^ 
33     .199j.9S3l.SSS.Sl 
39    LS2ll.23ii.931.! 


91 


.14&^.«»|.*"i 

I       1    J 
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ik€  uorikem  and  notihwestefn  lakt$  at  Tawas  Citfft  Michigan. 


TAPOR. 

WIITD. 

Am 

clo 

(0 

(10= 

Ure 

< 

cant  of 
adinett. 

=r«|ear 

Amount  of  evaporation,  in 
U.  8.  inches  and  deci- 
mals. 

melted 
inchaa 

Hnmidity. 
Saturation  —  1,000. 

Diraction. 
From  whence. 

Velocity,  in 
miles  per 
hour. 

is 

11 

• 

§ 

1 

Iky.) 
=iiky  en- 
\y  over- 
:aiit.) 

god 
e  >'0 

§ss 

•< 

•• 

a 

• 

• 

• 

a 

• 

• 

X 

• 

S 

d 

• 

a 

• 

a. 

• 

a 

• 

• 

a 

■ 

a 

• 

a. 
01 

• 

B 
d 

75 
10 
12 

4 

•  •  •  ■ 

4 
12 

• 

a 

d 

t^ 

10 

6 

0 

in 

• 

0. 

10 

5 

10 

10 

1 

10 

5 

1 

• 

a 

d 
at 

10 

6 

10 

10 

.797 
.584 

.905 
.702 
.712 
.746 
.556 
.746 
.748 

.628' 

.896 

.747 

.665 

.634 

.623* 
.744 
.703 
.746 

.684" 
.7ife 

-••••• 

.802 
.797 
.665 
.665 
.694 
.  SI4 
.645 
.543 
.829 

.876 
.536 
.721 
.754 

.746' 
.675 

.'694* 
.863 

'.'775* 
.523 
.671 

•(659 
.880 
.682 

.'794* 

.675 

.797 

.900 

.800 

.797 

.725 

.750 

.720 

.675 

.'718' 

.859 

.614 

.603 

.783 

.586 

.703 

.747 

.610 

.676 

.869 

.770 

.700 

.659 

.524 

.578 

.763 

.686 

.562 

.643 

.ft48 

.768 

.898 

.798 

.795 

.712 

.706 

.713 

.642 

.652 

.628 

.829 

8 

NW... 
W.... 
NW... 
NW... 
NB  ... 
NE  ... 
NW... 

SW... 
NW... 
NE... 

N  W  • . . 
NW... 

SW... 
NW... 
NB..  . 
NW... 

12 
11 

4 

35 

75 

100 

12 

4 
12 
35 

25 
25 
45 
25 
12 
12 
25 
12 
12 
35 
75 
25 

4 

35 
45 

4 
16 

2 
15 

•  •  •  ■ 

4 

10 
25 
12 
12 
100 
25 

29.3 
10.6 
11.7 
17.0 
29.0 
68.0 
13.0 

1.3 
11.3 
17,0 
18.3 
.15w0 
53.3 
18.3 
23.0 

5.3 
20.7 
18.0 
11.0 
14.3 
26.0 
12.3 

6.3 

9.3 
41.3 
14.0 
22.0 

6.0 
10.0 
11.3 

3.3 

12.0 

4.7 
7.7 
1.7 
6.0 
7.7 
7.0 
4.7 
4.0 
4.3 
8.7 
0.7 
4.7 
3.0 
2.7 
5.7 
8.3 
9.0 
0.9 

22.3 
1.0 
4.3 
2.7 
9.7 
4.0 
0.7 

18.3 
8.3 
2.0 
7  n 

0 

8.  40  W 
N.45W 
N.40E 
N.  45  W 

.18 

.377 

.850 

.616 

N.  45  W     .1 

.08 

.616 

NB..  . 
NE..  . 

NE..  . 
NUIT. .  - 

N.45E 
N.27B 
N.  45W 
N.  8aB. 
N.72E 
N.  19  W 
North  . . 
N.  45W 
N.  19  W 
We»t... 
8.  77  W 
N.  45W 
N.  54  W 
8.45  E. 
N.  80  W 
N.9B.. 
N.  45E 
North  . . 
N.82E 
N.45  W 
N.23W 
N.45E. 
Wont... 
Went ... 
N.  45W 
South  . . 

8 
10 

0 
10 
10 

7 

8 
10 

0 

0 

0 

3 

0 

0 

0 

0 
10 
10 
10 
10 

0 
10 

0 

6 

•  •  •  • 

•  •  •  • 

5.2 

10 

0 
10 
10 
10 

0 
10 

8 

0 

0 

4 
10 
10 
10 

0 

6 
10 

3 

4 
10 

"s 

6 
0 
9 

4 
10 

0 
10 

1 

6.0 

0 
0 

.818 

.610 

.707 

NW... 

SE.... 
NW... 

N 

NW... 

^\  ^nf  •  •  • 

8 

NB... 
N 

NE  ..  . 
NW... 

45 
45 
35 
45 

100 

•  •  •  • 

12 
25 
25 
45 

•  •  •  • 

10 
4 

•  •  «  ■ 

4 
75 
33 
25 
12 
15 
14 
10 

60 
12 

■  *  •  • 

35 
15 
35 
45 
20 
12 

■  •  •  • 

45 
35 
10 
12 
25 
25 

4 

15 
25 

4 

26' 

4 

10 
9 
7 

8 

"0 
5 
8 
9 

•  •  •  • 

"io* 

•  •  •  • 

10 

10 

4 

8 
10 
1 
6 
1 
5 

&8 

10 
0 

10 
10 

.848 
.794 

.15 

.669 

N  ..... 
NW... 

N 

NW... 

N 

W  .... 

•  NE..  . 

NW... 

SE .... 
NW... 

E 

NE... 

N 

N 

NW... 
NE..  . 
NB..  . 
W.... 

8 
0 
0 
0 
10 
1 

.818 

.376 

.452 

w.. .. 
w.. .. 

NW... 
W..  .. 
NW... 

W..  -. 
SW... 
N  W. . . 
NW... 

.663 

.674 

.377 

.492 

0 

0 

10 

10 

10 

10 

0 

10 

5 

0 

.584 

sw... 

N 

NB... 

NB ..  . 

.716 

.895 

.82 

.792 
.792 

8 

8E.... 
NW... 
NW... 
NE..  . 
W..  .. 
W..  .. 

8 

NB... 
NW... 
NW... 
NE  ... 
W  •  •  •  • 

.15 

.746 
.702 
.725 

.86 
.17 

.658 

.658 

NW... 
s 

NW  .. 

0 

•  •  •  • 

5.2 
6 

. 

.669 

.748 

.737 

.685 

N.  16  W 

1.21 

5 

6 

5 

6 
10 

6 

5 

3 

2 
10 

2 

3 

2 

2 
10 

4 
15 

2 
10. 

3 

8 

10 

18 

.... 

,  10 

30 

12 

8 

2 

15 

5 

•  •  •  • 

"s" 

3 
5 
3 
3 
12 
3 

.906 

.750 

.829 

.828 

.748 

.768 

.935 

.798 

.740 

.^35 

.812 

.781 

.7.'^ 

.747 

.780 

.810 

.851 

.814 

.777 

.768 

.833 

.707 

.802 

.846 

.756 

.787 

.707 

.H50 

.724 

.691; 

.852 

.720 

NW... 
8W... 
s 

8W... 
8W  ... 

8 

8.  51  W 
8.  45  W 
South.. 
N.  45E 
N.  45W 
8.  12  W 
8.  5W 
8.  25W 
N.  64  W 
8.  15  W 
We»t... 
Bant .... 
8.  9  W. 
1  South.. 
North.. 
N.  73  W 
N.72E. 
Eaxt  . . . 
N.  7J  W 
South . . 
N.6E.. 
EaHt... 
8.  14  W 
We»t  . . 
8.  45  E 
8.  26  W 
8.  58E 
N.  28  W 
8.  10  E 
8.  45  E 

.748 

.768 

.807 

.816 
.800 
.643 
.661 
.840 
.820 
.765 

.854 
.788 
.829 
.824 
.802 
.786 
.829 

NE  ... 
NW... 
NW... 
8W... 
SW... 
8W... 
N 

NB  ... 
NW. . . 

8 

8 

8 

OYl  . .. 

8 

NE  ..  . 
NW... 

N 

NB  . .  . 
W  .... 
NW... 
SW... 

10 

10 

0 

5 

10 

5 

10 
5 
0 
0 
5 
3 

0.30 

.746 
.719 

0.55 

.794 

.736 

.674 

.747 

6 

10 

10 

8 

0 

10 

7 

8 

4 

10 
10 
0 
0 
10 
10 
10 

.794 

.710 
.743 
.850 

.rj7 

.TJ3 
.772 
.763 
.617 

.797 
.756 
.744 
.716 

.ai6 

.859 
.853 
.85:1 
.859 
.820 
.85:1 
.726 

.946 

.824" 

E 

8W... 

8 

NE  ... 
NW  .. 

E 

NB... 
W.... 
s 

B 

8 

8 

NW... 
W.... 

E 

SB.... 

E 

8 

8 

NB..  . 
NW.  .. 
NB..  . 
NW... 
NW... 

4 

3 

4 

12 

16 

15 

4 

32 

7 
4 
2 
2 
6 

12 
2 

30 

« 

.829 

.850 
.853 
.738 
.712 

0.40 
0.34 

•      •  •  •  • 

.873 

.777 

.802 

10 
I 
8 
4 

5 

794 

N 

s'w!!" 
w .... 

NB..  . 
E   

NW... 

4 

8 

8 

10 

2 
13' 

5 

.792 

8 

w 

8 

10 
2 
2 

25 
8 
8 

18 
4 

•  •  «  • 

.698 

.850 

10 

2 

10 

I 
9 
0 

6.4 

.663 

.805 
.610 
.790 
.743 
.732 

.705 
.843 
.807 
.833 

8 

NW... 
NW. . . 

SW  . 

35 

8 
2 
8 
2 

•  •  •  • 

•    a   •   • 

27 

2 

12 

0 
10 
10 
10 
10 

775 

E 

NB  ... 

E 

SB.... 

SE.... 
SB.... 
SB. . . . 
SB.... 

923 

.610 

.829 

.798  i  $11^ 

2  ;  2.6 

.781 

.749 

.825 

.781 

•  •  •  • 

1.6 

i 

S.  43  W 

6.0 

1 

1.59 

( 
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Reductions  of  the  monthly  meteorological  register  of  the  svnff  ef 


TEMPERATURI— rAHRKNHEIT.                            TArOB. 

Barometer  reduced  to  temperature 

of  32<>  Fabr.,  ezpreeeed  in  United 

StateM  inches  and  declmali. 

Wet  bulb,  or 

Dry  bulb,  or  tem- 

Elasticity.iiiU.S. 

Date. 

point  of 

perature  of  the 

inche*  and  ded- 

evaporation. 

open  air. 

« 

a 
a 

e 

9 

s 

• 

a 

• 

a 

• 

a 

s 

i 

i 

• 

a 

• 

a 

• 

a 

• 

a 

• 

9 

a 

• 

a 

i 

• 

a 

ii 

p. 

• 

fit 

» 

A 

0. 

0, 

d 

a. 

■ 

a. 

« 

a 

d 

ek 

u 

e 

t* 

Of 

o» 

X 

0 

0 

at 
0 

0 

0 

0 

s 

s 

s 

f 

St 

0 

s 

1867. 

0 

t 

May 

29.139 

29.167 

29.278 

29.195 

35.542.5 

35 

37 

44 

36.5 

39.2 

....126 

.iw 

.252.184.21^ 

'       1 

29. 470 

29.553 

29.512 

•  •  •  > 

35 

36 

■  •  •  • 

37 

38 

37.5 

i23 

•  -  • 

.  178'.  186. 189 

2 

29.635 

29.572 

29.452 

29.55:) 

30 

33 

31.533 

36 

34 

34.3 

2a  5 

.132.149.145.148 

3 

29.154 

29.096 

19.031 

29  094 

.19. 5  43. 5 

49.5 

41 

45 

51 

45.7 

30 

.223.263.334.213 

4 

29.016 

29.031 

29.163 

29.070 

44     48. 5 

49 

46 

51 

51.5 

49.5 

43. 5.262',.  308.315.395 

5 

29.'taB 
29.207 

26.a:»5 

29.155 

29.139 
59.207 
29.  I.'i7 

39 
30 
32 

35 



41 

.12.5 

35 

37 



39.0 

32.5 
44.7 

.212. 178;,...  i.  195 
.  138    ...i....LlK 
.142.270.284.299 

6 

7 

29.14L 

29.094 

47 

46 

51 

48 

33 

89 

29.0^9 

29.053 

29.056 

37 

. .. . 

39 

40 

•  •   •   a 

40.5 

40.3 

34 

.181  ....L2l9.a«l 

10 

29.139 

29.113 

29.153 

29.  135 

37.  5  48 

47 

39.550 

49 

46.2 

34 

.196.309.297.26^ 

11 

29.280 

29.282 

29.281 

50    J.W 

•  ■  •  • 

42 

55.5 

•  «  •  • 

48.8 

•  •  •  • 

•    w    «    • 

370.370 

12 

26.444 

29.411 

29.340 

29.398 

35    148 

47.5 

38    '51 

50 

46.3 

•XI 

.  165!.  296. 29^.  353 

13 

29.  134 

29.003 

28.984 

29.040   43     |44 

43 

44.546 

45 

45.2 

42 

.25«* 

.art2.251.257 

14 

28.999 

28.  933 

28.981 

28.  971  !42. 5  45 

45 

44 

47 

47 

46.0 

41 

.232f.2?3.273j.28« 

15 
16 

28.966 

28.981 

29.095 

29.014 

41.5 

46 

43.5 

43 

48 

45.5 

45.5 

40 

.242 

.2d4.256.3Sl 

17 

29.280 

29.347 

29.314  !40 

49 

■  •  •  • 

42 

52 

-  •  •  • 

47.0 



.jfiii 

.soft is 

18 

29.  085 

29,520 

29.435 

29.347    36 

46 

48 

38 

49 

50 

45.7 

34 

.  186   27l!.»9.2S^ 

19 

20.383 

29.339 

29.282 

29.335   42 

48 

48 

44 

50 

51 

48.3 

39.5 

.24r.3^M.296.2^ 

.203.239 ftfl 

-308j.... 3a« 

.2471. 275. 221.  diaj 

20 

29.264 
29.064 
28.781 

29,255 

29.259   38 
29.064    47 

42.5 

•  •  *  * 

40 

45 



42.5 
48.5 
4a5 

21 

48.5 
43.5 

22 

2a  835 

28.883 

28.83.3 

42 

44 

40 

45 

42 

46" 

23 

28.944 

29.026 

29.141 

29.037 

38.5  46 

44.5 

to 

48 

47 

45.0 

38 

.214 

.284.26».2Sa 

24 

29.136 
28.951 

29.086 
28.868 

28.917' 

29.111 
2a  912 

.33 
49.5 

50 
49 

«  •  •  « 

50 

35 
51 

53 

51.5 

52*' 

44.0 
51.5 

.1^2 
.329 

.321! ni 

.315.334.33C 

25 

33  5 

26 

29.  148 

99.325 

29.237 

40 

•  •  •  • 

47.5 

42 

■  •  ■  • 

50 

4&0 

40.5 

.221 

296i.2S 

2? 

29.  440 
29. 285 

29.4i6 

'29.'2i8 

29.428 
29.252 

40 
43.5 

46 

45.5 

42 
45 

48 

■  •  •  • 

•  •  •  • 

47 

45.0 
46.0 

.221  .284i....i.«a 

28 

35 

.a62i...!.  2801271 

29 

29.289 

29.213 
29.276 

29.263 
39.399 

29.238 
29.321 

...55 

51.5    ... 
54.549 

56l5 
59 

53 
56 

54.8 
54.7 

45 
46 

.413.361.3^ 

30 

47 

55 

.297 

.380. 4051 3Sl] 

3L 

29.514 

29.487 

29.500 

45 
39.9 

52 
46.0 

•  •  ■  • 

44.8 

47 
41.6 

55 

48.4 

•  ■  •  • 

46.9 

51.0 

23 

.2rj 

.213 

.349 
.282 

....pill 

Meant 

29.182 

29.201 

29.192 

29.200 

45.1 

.280 

.2bU 

June      1 

29.321 

29.253 

29.092 

29.222 

48 

55 

54 

50 

58 

56 

54.7 

43 

.300 

.393 

.391 

.asi 

2 

28.850 

28.775 

28.7a5 

28.777 

56    160. 5 

60 

58 

62.5 

62 

60.8 

....52 

.4221.458.491.457 

3 

28.  801 

28.925 

29.056 

28.927 

.'>4.559 

60 

56 

62.5 

62 

60.2 

....55 

.404.453.491.449 

4 

29.  161 

294236 

29.204 

29.2U0 

53    ,58.5 

56 

56 

61.5'58 

58.5 

....52 

.36:t 

.45ll.42^.4l3| 

5 

29.326 

29.299 

29.176 

2i*.267 

50 

57.5 

64 

52     61 

66 

59.7 

44 

.334 

.  426. 56»'.  4431 

6 

29.161 

29.050 

29.141 

29.117 

61 

66 

65.5  64     71.5 

69 

68.2 

....64 

.497|.5fi6.5ei.5iq 
.549.Se«5.458.53« 

7 

29.291 

29.246 

29.254 

20.264 

63 

67 

58.5  65 

72 

6L 

66.0 

.....56.5 

8 

29.  326 

29.343 

29.434 

29.368 

56 

64 

58 

58. 5  69 

62 

63.2 

....136 

.4l6.529.429.438j 

9 

29.455 
29.418 

29.464 

29. 3r.j 

29.325 

29.459 
29. 372 

63 

61 

63*' 

65.56.3 

•  »  •  • 

65 

64.3 
62.3 

.542 
.376 

.510; 536 

.573.5«.49« 

10 

53     64.5 

55 

67 

:::::5i.5 

11 

29.264 

29.398 
29.226 

29.346 
29.338 

29.373 
20.276 

59 

55 
60 

65*' 

62 
69 

57. 
63 

59.5 
65.7 

53 
63 

.46Ji.407.43e 

12 

62 

65.5 

.516 

.58l.478;.S2S 

13 

28.885 
29.250 

28.885 
29.263 

6.3 

65 
69.5 

65.0 
70  8 

.549 L549 

.645.561.536.561 

14 

20.29§ 

29.240 

67.5 

67 

64 

74.5 

68.5 

5i"5 

15 

29. 143 
'.^9.333 

29. 142 

2i*.298 

29.2i8 
29.  .362 

29.  171 
29.331 

63     67.5 
:n     62 

69 
60 

60 
64 

71 
66 

72 
6J 

67.7 
64.0 

62 
57 

.ej;.66&.647 
.502.491'  453 

16 

.3rj 

17 

29.393 

29.298 

29.  .378 

29.356 

58 

10 

74 

61 

(i3 

76 

66.7 

....'55    1 

.443 

.478.812 

.579 

18 

29.  295 

29.  4U) 

29.  33.3 

65 

71.5 

-  •  •  • 

68 

74 

>  •  •  • 

71.0 

•  •  «  • 

.577 

.657] 

19 

29. 22:1 

29.145 

29.155 

29.174 

62 

69.5 

65 

64.  Ti  73. 5 

71 

69.7 

63 

.522 

.667.537;.5!3i 

20 

29.158 

29.151 

29.155 

63 

•  •  •  > 

65 

65.5 

-  •  • . 

68 

66,5 

61.  5.  549;..... 5961. 5»t 

21 

29.215 

29.  i95 

29.188 

29.199 

62     69 

69 

65 

73 

72 

70.0 

65 

.516 

.655. 668. 613^ 

22 

29.268 

29.  118 

29.  193 

60     67 

•  •  •  • 

63 

71.5 

•  «  • 

67.3 

.478 

.60li....,5iq 

23 

29.313 

29.361 

29.498 

29.391 

63     60 

56 

66 

66 

61 

64.3 

,W 

.516. 438. 383. 4a 

24 

29.5(t6 

29.  42d 

29.374 

20.436 

64     57.5 

59 

68.5 

60 

63 

63.8 

57 

536.432.447.4731 

25 

29.506 

29.510 

29.508 

57     58.5 

•  •  • 

59 

62 

•  •  •  • 

6J.5 

•  •  •  • 

.439 

.444 44a 

26 

26.464 

29.411 

29.438 

•  •  •  • 

62 

62 

•  •  •  • 

67 

64 

65.5 

• 

55 

.... 

.489.5SI.50M 

27 

23.383 

29.  191 

29.287 

....  68 

65 

-  •  •  « 

74 

08 

71.0 

62.5 



.601. 577.  Sn 

28 

29.298 

29.434 

29.  451 

29.394 

62    '61 

65 

64 

68 

67 

6&3 

49 

.539 

.443.3911.581 

2JI 

29.  iZl 

29.235 

29.254 

29.31)4 

57.566 

64 

60 

72 

66 

66.0 

53 

.440 

.59. 569!.  533 

30 

29.  032 

29.081 

29.225 

29.113 

68     ;73 

68 
62  4 

72 

83 

75 
65.4 

76.7 



68 
43 

.631 
.480 

.677. 
.532. 

5911.6X3 

1 
Means 

29. 245 

29.263 

29.247 

29.252 

59.7 

6a5 

62.2 

67.8 

65.2 

53ft.  519 
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the  northern  and  northufestem  lakes  at  Tawas,  Michigan. 


VAPOR. 

WIND.      • 

Amoonl 

cloudin 

(0=cl« 

I  of 

e«s. 

»ar 

1 

'  en- 

rer- 

) 

Amount  of  evaporation,  in 
U.  S.  Incheit  and  deci- 
mals. 

melted 
inches 

Hnmiditj. 
SataraUon  =  1,000. 

Direction. 
From  whence. 

Velocity,  In 
milei»,  per 
hour. 

Si   k 

11 

1 
1 

S 

Bky.] 

(10=sky 

tirely  0^ 

cast. 

OCO 

d   .  ^ 
0—  c 

• 

a 

• 

a 

• 
CI 

« 

a 

■ 

■ 

a 

a 

• 

01 

• 

a 

• 

0. 

a 

6 

•  •  •  • 

10 

25 
6 
3 
8 

10 
5 
2 

10 
5 

18 
4 
6 

■ 

a 

• 

w 

4 

15 
15 
10 
25 
12 

• 

a 

• 

a 

• 

a 

d 

t" 

2 

•  •  •  • 

5 

10 

8 

10 

10 

"0 

7 

0 

0 

10 

10 

10 

• 

a 

■ 

a 
01 

a 

d 

a  x  a 

< 

.854 

.876 
.807 
.705 
.879 
.824 
.807 

.'722' 

!836' 

.853 
.811 
.756 
.894 
.826 

."850* 

.866 

.853 

.839 

.820 

.840 

.847 

.841 

.861 
.809 
.721 
.880 
.831 
.816 
.748 
.757 
.799 
.842 
.8:J9 
.776 
.854 
.857 
.855 

NW... 

*3«  •  •  •  •  • 

8E.... 
8W... 

W 

NW... 

SB... 
NW... 

8 

SE.... 
SW... 
NE  ... 

NW... 

NW... 
SB.... 
SB.... 
SW... 

10 
4 

16 

10 

5 

•  •  •  • 

4.0 

6.3 

12.7 

15.0 

12.0 

3.3 

2.7 

7.7 

3.3 

2.3 

0 
N.45  W 
N.45  W 
8.  17  E 
8.  45  E 
8.45  W 
N.33E 
N.45  W 
N.  40  E. 
N.45  W 
North.. 

10 
6 
5 

10 
8 

10 

0 
0 
8 
10 
3 

.703 

.867 
.843 

.624 

.748 

0.14 

.698 

NE.... 
NW... 

NE  ... 

NW... 
NW... 
NW.  .. 

12 

•  •  •  • 

5 
10 

4 
24 

5 

8 

2 
2 
3 

8 

•  •  •  • 

5 

3 

8 

10 

10 

6 

.... 

0 

4 
0 

.732 

.818 

NW... 
W... 
8W... 

NE.... 
NW... 
NW... 

NB  ... 
E 

.719 

.790 
.843 
.847 
.850 

NE  ... 
NE  ... 
W.... 
E 

W  .... 
NE  .  .. 
NW... 
W  .... 

10 

10 

2 

2 

3  3 

17.3 

3.3 

1.7 

8.86  W 
N.45E 
N.65  W 
N.21E 

10 
10 
10 

1 

.878 

.876 
.874 

.080 

.829 

.794 
.781 
.856 
.8.10 

.'926" 
.850 
.798 
.826 

.85* 

.'964' 

.761 

.805 

.'856* 
.790 

.'829* 
.809 

".'86*1* 
.821 

.'833* 

.898 

.903 

.812 
.816 
.827 
.810 
.888 
.875 
.841 
.798 
.86  J 
.825 
.829 
.856 
.901 
.839 
.826 

N... 
NW... 

^  ..... 
NB.. .  - 
E  . . .. 
NW... 
NW... 
NW... 

8 

W 

SB 

5 
7 
4 
4 

15 
20 
8 
3 
14 
5 
2 
7 

5 

7 
6 
8 

"3* 
10 

1.3 
1.0 

5  7 
3.7 
5.0 

21.3 
2.0 
2.3 
9.0 
2.7 
2.0 
3.3 
3.3 
8.7 
2.3 

3.4 

2.8 
6.2 
11.7 
1.0 
2.3 

6  3 
4.7 
6.7 
7.0 
2.3 
4.0 
7.0 
2.7 
3.3 
4.7 

ao 

4.3 
1.3 
2.3 
0.7 
2.7 
1.7 
13.7 
9.7 
4.3 
2.7 

:i7 

7.7 
16.0 
1.20 

.09 

N.68E 

WOMt... 

N.50E 
N.76E. 
ElMt  . . 
N.45  W 
N.21  E. 
8.18  W 
8.9  W.. 
West.. 
8.74  E 
8.5  E.. 
West . . . 

5 

0 
10 

0 
10 
10 
10 

9 
10 

3 
10 
10 

8 

1 

10 

9 

.811 
.8:W) 

8E.... 

E 

E 

W.... 
NE... 

0 
10 

.820 

.888 

.875 
.064 

NW... 

E 

8 

8 

NW... 
W.... 

SW*.!! 
W  .,.. 

sw!!! 

w 

20 
10 

8 

8 

"4' 

•  •  •  • 

6 

14 

5 

25 
3 

•  •  •  • 

6 
3 

«  •  «  ■ 

8 
4 

7. 

•  •  «  • 

10 

10 

8 

8 

0 

10 

■    •   a>   • 

10 
2 

8 

10 
3 



0.94 

.797 

.894 

.829 

6 

0.17 

.829 

SB.... 
SB  ..,. 

wV.'.'.'. 

SB. .. ' 

E 

w'.V.'. 

W  .... 

SB.... 

.879 

10 

10 

0 

.853 

NW... 

7 
2 

N.80  W 
S.  45  B 

3 

1 

.847 

5.2 

10 

10 

0 

5 

1 
1 
9 
0 

.82v» 

.82:1 

.881 

.828 

N.  27  W 

6.47  4 

20.5 

2 
6 

15 
2 
2 
2 

12 
8 

10 
4 

4 
9 

18 
6 
5 

15 
4 

15 

12 
6 

10 
13 

6 
10 
2 
3 
2 
3 
2 
2 

•  ■  ■  • 

2 
6 
3 

10 

16' 
6 
0 
9 
9 
3 
0 
0 

•  •  •  • 

1 
10 
10 
10 
10 
10 

1 

5 
10 

•  •  •  • 

9 

3 

0 

10 

•  •  •  • 

io' 

0 
3 

10 
9 

10 
4 
1 
8 
5 
1 
1 
0 
1 
9 

.816 
.885 
.802 
.826 
.822 
.731 
.758 
.417 
.886 
.667 
.828 
.820 

.'6.57* 
.825 

.931 
.879 
.808 

.807* 

.780 

.685 

.850 

.800 

.740 

.7-20 

.647 

.712 

.600 

.872 

.884 
.884 
.876 
.891 
.820 
.853 
.772 

'.m 

.874 
.831 

.770* 
.852 

.884 
.906 

'.ilk' 

.869 

.852 

.'iis* 

.776 

"."888* 
.843 
.893 
.891 
.681 

.848 
.882 
.863 
.837 
.858 
.  79 ) 
.834 
.689 
.875 
.875 
.851 
.8-29 
.890 
.775 
.839 
.765 
.854 
.861 
.793 
.880 
.  8.32 
.806 
.745 
.799 
.839 
.814 
.782 
.809 
.818 
.695 

SB. ... 

8 

W... 
NW... 
SB.... 
SW... 
8W.. 

N 

NB..  . 
8 

s'**.".!" 

SE.... 
8 

Tf     .... 

SB.... 
SB.... 
SW... 

8 

NB  ... 

E 

SB.... 

£ 

8W... 

NE  ... 

w.... 
w.... 

N 

SW... 
8  W  . . . 

N 

W.... 

Nw'.!! 

N 

East  . . . 
8.  35  W 
West... 
N.78B. 
8.  30  B. 
8.  45  W 
S.  39  W 
N.  26  E 
N.  70  E 
8.  22  E 
N.  60  E 
8.  35  W 
South  . . 
8.  60  W 
8.  6   W 
N.  58  B 
8.  17  W 
8.  60B 
N.  78  B 
N.73  B 
8.33  B 
8.16  E 
N.88  W 
8.51   W 
N  71  E. 
East..  . 
S.45W 
8.  69  B 
S.23W. 
8.  45  W. 

S.  79  W 

.876 

.903 
.809 
.861 

"i!3i 

.833 

.  890 

.847 

.864 

.869 

1 

1 

1 

0.08 

.836 

.890 

W.... 

8 

8 

7 

2 

10 

4 

2 

2 

2 

2 

4 

15 

14 

6 

0.14 

.897 

8 

8 

NB  ... 
SW... 

8 

8 

SB.... 
W  .... 
SB.... 
W  .... 
w  .... 
NB  ... 

Nw!.*.* 

w .... 
8W.. 

W    ... 
8 

NB  ... 
SB.... 

Kj  ..... 

B 

•    •  •   ■  Wm    m  • 

SB.... 
SW... 
W  .... 

8 

B 

N  !*.!. 

SW... 

N 

8W... 

ne!!! 

N 

NW... 

Nw!!! 
w.... 

8 
10 
8 
6 
3 
3 

12" 

2 

25 

18 

8 

5 

8 

15 

30 

22 

2 
2 

8 
8 

•  •  •  • 

5 
2 
3 

'2* 

8 

•  •  •  • 

3 

3 

13 

20 

3 

8 
4 
3 
3 
5 
1 

9 

1 

5 

10 

.625 
.8-^ 

0.06 

.843 

.862 

4 

.890 

.836 

9 
10 
8 
3 
9 
1 
5 
1 
1 
5 

5 

.831 

.8:38 

0 
0 

.770 
.878 

B 

8W... 
SB.... 

8 

SW... 

B 

1 

10 
10 

5 

4.2 

..... • 

0.60 

SW... 
B 

SW... 
SW... 

•  *  •  ■ 

3 
4 

11 

.868 
.851 

<..... 

.804 

.845 

.772 

.839 

.798 

5.91  4.8 

2.19 
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TEMPERATURE— FAHRENHEIT. 

TAPOR. 

Barometer  reduced  to  tomperatnre 
or32o  Fabr.,  exprefsed  in  Uuited 

Statei  tuches  aod  decimal*. 

Wetbnlb.or 

Dry  bnlb,  or  tem- 

Elaatidtj. 

to. 

point  of 

perature  of  the 

iochenan^ 

• 

evaporation. 

open  air. 

• 

a 

s 

< 

• 

s 
a 

imali. 

a 

OS 

• 

• 

S 
d 

■ 

s 

• 

a 

• 

s 

• 

a 

• 

• 

a 

d 

• 

a 

d 

• 

3 

d 

• 

a 

• 

• 

a 

t» 

©» 

e> 

s 

0 

o 

o 

t» 

Oi 

0 

26 

o 

o 

e^ 

c* 

a 

1867. 

o 

o 

o 

y     1 

29.282 

29.301 

29.276 

29.286 

64 

66 

61 

67.5 

69 

66 

67.5 

■  •  •  • 

56 

.549 

.5991.4' 

^       2 

29.305 

2i).238 

29.192 

29.245 

58 

66 

70 

61 

72 

74 

69.0 

•  •  «  • 

55 

.443;.55i^!.6' 

3 

4 

29.28U 

29.190 

29.235 

63 

71 

•    •   •    a 

67 

75.5 

•  •  •  • 

71.3 





.522 

.698 

5 

29.141 
29.  100 

29.141 
29.135 

61 
63 

■  •  •  • 

69 

■    •    •    • 

64 

63 
65 

63.0 
69.0 

.510 
.549 

6 

29.152 

29.154 

74 

68 

•  •  •  • 

61 

.641 

.5 

7 

29.234 
29.495 
29.313 

29.411 

29.323 
29.495 
29.242 

60 
55 
63 

59 

•  •  •  • 

65 
59 
65 

65 

•  •  •  • 

65.0 
59.0 
65.0 

.451 
.365 
.549 

.420 

8 

9 

29  294 

29.118 

59 

66 

61 

69 



55 

•  •  • 

.473|.S( 

10 

29.227 

29.217 

29.229 

29.2.'i8 

69.5 

71 

75 

72 

78 

79 

76,3 

•  «  •  ■ 

77 

.687 

.664 

.8 

11 

29.374 

29.435 

29.  445 

29.418 

53 

55 

55 

57 

58.5 

58 

57,8 

•  •  •  • 

54.5 

.350 

.387.3! 

12 
13 

29.470 

29.512 

29.556 

29.513 

49 

49 

60 

56.5 

53 

64 

57.8 



43 

.275 

.295J.44 

14 

29.491 

29.513 

29.518 

29.507 

59 

60 

55 

64 

68 

60 

64.0 

•  •  •  • 

33.5 

.433 

.4ii 

.3 

15 

29.221 

29.238 

29.368 

29.276 

63 

65.5 

60 

65 

69.5 

67.5 

67.3 

•  w  «  a 

60 

.  549 .  575.  4 

16 

29.467 

29.464 

29.463 

29.465 

64.563 

59 

6*7.  5:68. 5163. 5 

66.5 

•   «  •   • 

53.5 

.566.502.4' 

17 

29.518 

29.5(10 

29.  599 

29.512 

66     62.5 
54     63 

57.5 

68     67. 5|60 

65.2 

•   B   M  • 

57 

.612.559.4^ 

18 

29.468 

29.506 

29.764 

29.580 

60 

55  568 

65 

62.8 

•   •  •  « 

50 

.J98.5U9.4; 

19 

29.606 

29.  473 

29.459 

29.513 

5.^.5  66 

63 

61.5 

72 

68 

67.2 

•    •    •    a 

54 

.361.559.5: 

3() 

29.498 

29.591 

29.412 

29.500 

50     63 

66 

53.5 

70 

70 

64.5 

•    •    •    • 

62 

.315. 482.  S 

21 

29.340 

29.238 

29.289 

D9.  u  •  •  • . 

(^ 

63 

•  •  •  • 

72 

67.5 

•    •   •    • 

55 

.462! 6; 

22 

29.205 

29.178 

29.285 

29.223 

62     73.5 

70 

64 

78 

77 

73.0 

•  s    •    • 

60 

. 529.764. K 

23 

29.234 

29.192 

29.210 

29.212 

60. 5174.  5 

75 

62 

79.5 

79 

7a5 

«   »    •    • 

58 

.5U7.n2.8l 

24 

29.260 

29.217 

29.194 

29.224 

6:1 

77 

72 

67 

82 

81 

76w7 

•    •    «   a 

67 

.a22.t«l.6« 

25 

29.  180 

29. 121 

29.148 

29.150 

69 

68 

66 

71 

72 

71 

71.3 

•    •    •    • 

70 

.682.63.1.5: 

26 

29.235 

29.161 

29.132 

58 

. ... 

69 

61 

•  •  •  ■ 

72 

66.5 

■    •    •    a 

60 

.443,....6( 

27 

29.230 

29.075 

29.044 

29.116 

57 

74 

74.5 

62 

79 

80 

TS.7 

■    B    B   « 

60 

.399'  772.  r 

28 

29.079 

29.082 

29.080 

74 

•    •    •    a 

73 

79 

•  •  •  * 

77 

78.0 

•   •    •    • 

6t.5 

.772.,..!.T 
.367.5431.5 

29 

29.323 

29.376 

28.985 

•J9.2i8 

55 

64 

64 

60 

68 

69 

65,7 

•    •    •    - 

58.5 

3U 

29.488 

29.431 

29.373 

29.431 

50 

65 

63 

55 

70 

68 

64.3 

•    •    •     ■ 

50 

.295.55(1 

"a 

ai 

29.180 

29.303 

29.242 

•  •  •  • 

59.9 

61 
59 

61 
65.2 

66 
64.5 

63 
64.3 

58.'5 

•  •  •  • 

63.5 

64 
61 

65 
7a  I 

68 
67.5 

66 

71.4 

62*" 

65.5 



61.5 

:i:i5 

•  •  •  • 

.481 

> 

.483 
.571 

If  eons  .  . . 

29.324 

29.324 

29.340 

29.312 

67.4 

1 

Anguft  1 
2 

29.100 
29.  183 

29.06O 
29.235 

29.296 

29.084 
29.2:18 

66.0 
63.5 

.465 

.4rj 

-^11 



,V> 

•  •^BW 

3 

29.408 

29.396 

29.402 

54 

•  ■  •  • 

67 

59 

•  •  •  • 

70 

64.5 

•    •     ■    a 

55 

.351 

...f 

4 

29.411 

29.46i 

29.4.38 

29.4.37 

65 

74 

68 

68 

79 

71 

72.7 

•    •    •    • 

60 

.577 

i^F 

5 

29.  421 

29.377 

29.368 

29.389 

64 

74 

72 

67 

77,5  75 

73.2 

•    •   • 

65 

.5561 

*  '^V 

6 

29. 4l»3 

29.398 

29.345 

29.382 

63 

74 

71 

65 

78.5 

76 

ri.2 

•    •    •    • 

64.5 

.549.7i 

7 

29.  :J59 

29.285 

29.355 

29.  .333 

66 

74 

72 

!» 

79 

76 

74.3 

•   •    •   ■ 

69 

.612.^ 

8 

9 

10 

29.284 

29.248 

29.266 

65 

•  •  •  • 

•  •  •  • 

71 

•  ■  ■  • 

•  •  •  • 



67 

•  •  •  • 

•  •  •  ■ 

75 

•  •  •  • 

71.0 

•  •    «    • 

•  •    •    a 

•  •   •    • 

•  •  •  • 

.591 

•  •  •  • 

j 

11 
12 
lU 

29.536 

29.32.3 

29.336" 

*29.'398 

■  •  •  • 

60" 

65.'6 

•  •  •  « 

69* 

•  •  •  • 

64 

•  •  •  • 

70 

'> 

'68.*3* 

•  •   •    • 

•  •    s    • 

62* 

•  •  •  • 

.4^ 

J 

14 

29.491 

29.4:)8 

29.396 

29.  442 

63 

70 

66.5 

68 

7a5 

69.5 

•    •    •    a 

63 

.549 

a 

15 

29.  3a3 

29.285 

29.385 

29.351 

59 

70 

69.5 

60  5 

76 

73 

69.8 

•    •    •    ■ 

56.5.4^41 

16 

29.  115 

29.010 

29.043 

29.056 

63 

75 

66.5 

65 

80 

70 

71.7 

•    •    •   • 

6L  5'.  54ii 

17 

29.085 
29.296 

29.085 
29.301 

70 

58 

74 
61 

74.0 
63.2 

67h 

18 

29.278 

29.329 

62 

60 

65 

63.5 

•    •    •    • 

55 

-4^ 

19 

29.  £« 

29.358 

29.357 

29.351 

KJ 

63 

58.565 

68 

62 

65.0 

•   •    •    • 

57 

.5  If 

20 

29  376 

29.405 

29.401 

29.:)94 

66 

61 

52 

67 

6;j.5  54 

61.5 

•    •    •    • 

50.  5 

.64f 

21 

29.603 

29.178 

29.391 

•  •  •  • 

71 

rj 

■  •  •  • 

75.5  77 

76.3 



57 

.nf 

22 

29.022 

29.072 

29.047 

■  •  •  ■ 

70 

70 

•  •  ■  • 

78     73 

7&5 

•    •    •   • 

68 

..J 

23     29.298 

29.301 

29.420 

29.340   . 

M 

60 

52.5 

57 

65 

53 

88.5 

■    •    •    * 

44 

.  3v 

24     29. 46H 

29. 4.33 

29.404 

29.434    . 

W     54 

^3.5 

53     57 

36.5 

56.5 

52.5 

•  3W 

25 

29.388* 

29.338 

29.311 

29.  .346   : 

55.5 

t« 

S4.5 

57.572 

68 

65.8 

•   •    ■    • 

46 

,M 

26    . 

29.132 
29.  163 

29.  132 
29.093   ( 

1 

72 
SO     ( 

75 
65 

75.0 
67.3 

.... 

•  •    •    • 

GO 
55 

M 

27 

29.040 

29.077 

>4     ( 

56     1 

57 

70 

'm 

28 

29.198 

29.203 

29.378 

29.260   i 

>1      i 

14     . 

SI     ( 

to    ( 

[»7     , 

54 

61.3 

•   •    •    • 

50 

W 

29    . 

29.4.18 

29.4<i9 

29.424 

1 

M.5  60 

•  •  •  >    ' 

S3     ( 

m 

63.0 

•    •     •    • 

4a5 

,■ 

30 

29.219 

29.185 

29.  174 

29.193   ; 

Vi     t 

i7.  5  59     . 

)8     i 

50     ( 

51 

59.7 

52 

if 

3L    . 

29. 317 

29.317    . 

1 

S5 

50 

60  0 

•    •     ..      * 

51.5 
4a  5 

|I 

, 

i7.6' 

ro.3!( 

.., 

■ 

MeaoB  ...I 

».309  \  29.^m  \  ^.'J)»\  ^.^e3ft\ 

^.^ 

a.  AW 

7a  0 
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northern  and  northwestern  lakes  at  Tawas  City^  Michigan. 


VAPOR. 

WLSD. 

Amount  of 

cloudiness. 

(0=clear 

Amount  of  evaporation,  in 
U.  8.  inches  and  deci- 
mals. 

melted 
.  Inches 

Humidity. 
Saturation =1,000. 

Direction. 
From  whence. 

Velocity,  in 
miles  per 
hour. 

-ft- 
31 

ga 
&^ 

11.7 
4.0 
a7 

i 

g 

sky.) 
(10=siiy  en- 
tirely over- 
cast.) 

"   1 

a 

• 

a 

• 

a. 

■ 

S 

• 

s 

a 

• 

B 

■ 

0. 

• 

a 

d 
at 

• 

a 

2 

4 
2 

• 

S 

-  a 

01 

35 
4 

10 

• 

S 
d 

a% 

2 

IS 

•  •  ■  • 

d 

9 

1 
3 

■ 

a 

• 

0. 

09 

10 
5 

8 

d 

7 
10 

•< 

.817 

.846 
.712 
.791 

.755 
.810 

.8f»6 
.782 
.790 

NW.. 

N 

W.... 

NE  ... 

8 

s 

NW.. 

SW  .  . 

0 

N.39E 
8. 45  W. 
S.11W. 

.825 

.790 

.49 

.886 

.886 
.816 
.7m6 
.756 
.87:1 
.797 
.785 
.720 

NW. 

2 
15 
13 

12 
14 
18 
22 

4 

0.7 

13.7 
3.3 
4.0 
8.0 
14.0 
20.0 
4.0 

N.45W. 
N.75W. 
N.23W 
8. 45  W. 
8.19  E 
West... 
N.49E. 
N.  21  E. 

10 
10 

8 

3 
10 

5 
10 

0 

.890 
.731 

.764 
.680 

"!882' 
.693 
.788 
.733 

.793 

.'846* 
.8-22 
.816 
.780 

NW  .  . 
W  .... 
SW  .  . 

w.... 

NE  ... 

w.... 

17 
13 

12 

•  •  •  • 

3 

8 

«  *  •  • 

10 
6 
3 
0 

5 

*  •  ■  • 

•  •  •  • 

3 
3 

•••••• 

.89 

.756 

.45 

.690 
.876 
.758 

8 

W.... 

N 

NE  ... 

B 

W.... 

E 

B 

swV! 
w.... 
yB  .. 

NW. 

16 
22 

28 
10 

12 

3 

25 

12 

.36 
.12 

.647 

5 

.727 

.601 
.797 
.721 
.890 
.743 
.712 
.658 

"798* 
.779 
.787 
.804 

.'779' 

.'793 
.751 
.783 

.708 
.  621 
.751 
.851 
.731 
.743 
.799 
.804 
.689 
.822 
.627 
.734 
.85:? 
.761 
.817 
.747 
.743 
.838 

.679 
.769 
.771 
.879 
.792 
.706 
.741 
.8M 
.792 
.838 
.735 
.819 
.839 
.753 
.798 
.749 
.725 
.810 

W.... 

8 

NW.. 

8 

NE  ... 

E 

NW.  . 
SW  .  . 
NW.  . 

SW  . . 
w.... 

NW  .. 
SW.  . 
SE.... 
SW  .  . 
NW.  . 
W.... 

SW.  . 

NW.. 

E.... 

SB.... 

NE  ... 

NE  ... 

SE.... 

swV." 

SW  .  . 

w.... 

SW  .  . 

8e!!!! 

E ".'.!!! 
8 

8 

sw .  . 
NW.  . 
W.... 
SE... 
NW.  . 
W.... 
NB  ... 
NW... 
SW  .  . 
NW  .. 
W.... 

N 

SW  .  . 
SE.... 
SW  .  . 
NW  .  . 
W.... 
8 

12 

16 

2 

2 

2 

4 

12 

35 

2 

e 

4 

45 
45 
12 
16 
20 
12 

2 
14 
10 

4 
10 
10 
35 

•  •  •  • 

12 

4 
10 

4 

•  •  •  • 

10 

■  «  •  • 

45 
10 
15 

i 

2 

2 

42 

4 

4 
2 
3 
35 
2 
4 

10 
12 

5.7 
4.0 
2.3 
6.0 
4.3 
3.3 
7.7 
11.7 
15.7 
2.0 
&0 

17.3 
iQ  n 

8.75W. 

S.67W. 
N.78E 
8.41  E 
.V.  26  E. 
N.  45  E. 
8.50  E 
S.  49  W. 
8.  48  W. 
8. 62  W. 
West... 
N.41W. 
S.  45  W. 
8. 45  E 
8. 45  W. 
N.47E 
8.  78  W. 
South . . 

0 
10 
0 
1 
4 
9 
0 
0 
3 
0 
10 
10 
0 
0 
9 
1 
0 

4.4 

10 

10 

4 

9 
10 

1 
0 
5 

0 
6 
3 

1 
9 
8 
0 

•  •  ■  ■ 

4 

9 
10 
10 

"4' 

•  •  •  • 

6 

1 
10 

5.6 

9 
10 

•  •  •  • 

2 
6 
2 
2 
9 

3 

1 

0 

3 

8 
10 

0 
10 

5 

4 

10 
10 
10 

8 

8 

0 

9 
10 

5.9 

.890 
.842 
.895 

.06 
.10 

.902 

.662 

.767 

.803 

.888 

.912 

.790 

.899 

.835 

.718 

45   siq":! 

.779 

12 
10 
35 
10 

9.3 
10.7 
16.0 

8.7 

2.1 

9.3 
4.0 

18.0 
5.0 
4.0 
2.0 

15.3 
2.0 

.708 

.681 



.08 

.805 

.762 

.771 

.818 

8. 57  W. 

2.49 

15 
24 
45 
9 
5 
2 
2 
4 

15 
24 

•  •  •  • 

10 
10 

8 
45 

2 

•  •  «  • 

12 
12 
8 
2 
2 
2 

•  •  ■  » 

.780 

.895 
.842 

.779" 

.840 

.799 

.779 

.812 

.'eoo* 

.848 
.85J 
.8.'>8 
.771 
.815 

0 

.838 

.841 
.776 
.824 
.846 
.820 
.830 
.853 

SW  .  . 
N  ..   . . 
NW  .  . 
8 

Yt  .... 

E 

W.... 
S 

8  ..  . 

S.23W. 
8.45  E. 
N.36W. 
8.   18  B. 
8.33  W 
S.    6E. 
8.   5W. 
South . . 

.58 

.882 
.703 

8  ..... 

B !'.'!' 

8 

8    .... 

8 

8 

SE.... 
N 

SW  . . 
w .... 
NW  .  . 

W^  .... 

5 
5 

10 
10 

1 
5 

.42 

.843 

.841 
.890 

.83 

.895 

.893 

.. . . 

.780 
.892 

.774 
.832 
.727 

.803 

.836 
.703 
.  859 
.791 
.653 
.731 
.812 
.804 

.899 
.82:1 
.830 
.823 

.'805' 

.800 

.867 

.817 

.8.54 

.837 

.810 

.812 

.858 

.rji 

.802 
.831 
.882 
.708 

.618 
.848 
.822 
.839 
.810 
.822 
.793 
.891 
.804 
.759 
.793 
.807 
.8:^2 
.858 
.790 
.842 
.688 
.870 
.708 

SE.... 
NW.  . 
NW.  . 
SW.  . 
SW  .  . 

8 

NE  ... 

E 

8 

N 

SW.  . 
SB.... 
NW.  . 

12 
12 

2 
35 
12 
12 

4 
25 

45 
45 
45 
14 

•  •  •  ■ 

12 
2 
45 
10 
10 
13 
45 
25 

4 
12 

2 
30 

*  2" 

12 

12 

6 

8 

8 

4 

12 

45 

2 

25 

8 

8 

12 

16.7 

11.7 

15.0 

16.3 

4.0 

8.7 

6.0 

27.3 

5.3 

4.3 

10.3 

20.3 

7.0 

15.0 

10.7 

17.7 

5.0 

13.3 

4.0 

5.4 

8.  10  E 
N.25E 
Eattt  . . . 
8.69W. 
8.45  W. 
N.45W. 
N.45W. 
N.45W. 
8.  45  E 
8.  45  W. 
West... 
West... 
8.    8E 
South  .. 

3 
8 
0 
2 
0 
10 
3 
6 

■  •  •  • 
•  •  •  • 

0 

8 

1 

2 
8 
2 
3 

10 
3 
0 

10 

1.53 

.910 

...... 

.890 
.810 

.825 

NW  .  . 

NW.  . 
NW.  . 

W  .... 
W  .... 
SW  . . 

NW.  . 

NW. 
NW.  . 

SB.... 

SW  . . 

Yf  .... 

w .... 
8B.... 

NW.  : 
NW.  . 

NW.  . 

10 
5 

8 
8 
8 
0 
3 
I 

0 
3 
3 

8 
3 
0 
3 
5 
6 
0 
I 
0 
10 
0 

3.8 

.836 

.946 

SW  .  . 
w .... 
iV  .... 

w.... 

8 

•  ■  •  - 

10 
12 

4 

.812 

.798 

.874 

.841 
.806 

.799 
.841 
.544 
.851 

iV  .... 
w .... 

h".'.'.'.'. 

W  .... 

E 

NW.  . 
8 

W.... 
NW.  . 

SW  . . 

8 

NW  .  . 

12 
45 

•  •  •  • 

18 

18 
12 
12 
15 

Went  .. 

N.71W. 
N.79W 
South .. 
N.  45  W. 

0 
5 

2 
4 

8 
10 

5.3 

.14 

.876 

10 
4.8 

.850 

.785 

.822 

.816 

8.  46  W. 

3.49 
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Reductions  of  the  monthly  meteorological  register  of  the  Jirwy  tf 


TEMPERATURE— FAHRENHEIT. 

TAFOR. 

Barometer  reduced  to  temperature 

\ 

of  32°  Fahr.,  expreraed  in  United 

State*  Inchei  and  decimals. 

Wet  bulb,  or 

Dry  bulb,  or  tem- 

EU«tidt7,inU.S. 

Date. 

point  of 

perature  of  the 

incbei  and  dfcd- 

evaporation. 

open  air. 

a 

H 
1; 

a 
a 

malA. 

1 

i 

■ 

S 

• 

a 

i 

S 

• 

a 

■ 

a 

• 

a 

■ 

• 

a 

• 

s 

a 

• 

S 

s 

m 
m 

i  1 

A 

d 

A. 

o 

A 

A, 

a 

A 

Sm 

c 

« 

3 

s 

A 

a. 

d 

S 

I* 

ei 

O) 

s 

o 

91 

O 

o 

0 

0 

9i 
0 

a 

0 

0 

e^ 

9* 

0 

S 

1867. 

0 

Sept.      I 

29.248 

29.251 

29.259 

29.253 

60 

55.5 

58 

63 

60 

57 

6-2.0 

....54     .478.3021.... 

.3» 

2 

29.35.J 

29.343 

29.281 

29.325 

35 

57 

59 

37 

60 

61 

52.7 

.....35.5. 178. 426. 473. 3» 

3 

29.  161 

29.125 

29.256 

29.181 

60 

58 

57 

64 

62     '61 

62.3 

.....58      .465.4-29.4121.435 

4 

29.352 

29.316 

29.271 

29. 313 

47.5 

61 

65 

49 

66     67 

60.7 

....'53     ;.aO9.470;.XH.45^ 

5 

29.218 

•<9.  100 

29.0.30 

29.116 

57 

70 

71 

62 

74     ,74 

70.0 

....54     L399.679.7l!?.5S« 

6 

29.273 

29.386 

29.429 

29.  .362 

53 

56 

54 

56 

62     58.5 

58.8 

....54     1. 363.  4-29.358.30 
....54. 5.  39 J.  410.335.33 

7 

29.622 

29.640 

29.622 

29.628  ;5.3.5 

56.5 

51.5 

55 

60     55 

56.7 

8 

29. 576 

29. 3  « 

29.295  '59 

66 

63.5    ...68 

65.8 

...-•59 

. 449....;. 61-2  SR 

9 

29.194 

29.216 

29.344 

29.251 

61 

67 

54 

63     70     59 

64.0 

•  •  •  * 

56 

.510i.e^35lL4M 

10 

29.437 

29.436 

29.4117 

29.427 

39 

55.5 

50 

41     49     52 

47.3 

■    «  *   a 

.39.5.2121   ...i.  334;.  jni 

11 

29.  372 

29.259 

29.206 

29.279 

42 

."59.5 

59 

45 

65     64 

58 

•   •  •  • 

40     .228.368t.433;.343 

18 

29. 179 

2:».  138 

29.  138 

29.  152 

62 

65 

61     164     [69.566 

66.5 

-    •  •  • 

55     .529.  5.57. 470. 51^ 

13 

29.066 

29.259 

29.423 

29.256 

59 

60 

48.5,60     63     53 

58.7 

•   •   •  • 

55.5.487.47^ 

.282. 41-2 

14 

29.597 

29.546 

29.572 

■  •  «  • 

53 

50.5 

••  m 

55     54 

54.5 

•   «  •   • 

42 

376. 32  »1. 34? 

15 

29.400 

29.400 

68 

71 

71.0 

.644 

L6H 

16 

17 

29.418 

29.  451 

29.488 

29.  452 

68 

76 

66 

72.5'e6''!68' 

73.5 

■    •  •  • 

5! 

.624 

.843'.612.69J 

18 

29.  443 

29.  49.1 

29.598 

29.511 

66 

74.5 

65 

73 

79    167.5 

73.2 

•   «   •  « 

58.5.545.792-584,64* 

19 

29.509 

29.396 

29.291 

29.  .399 

57 

67 

68 

59 

70    ,71 

66.7 

«  •   • 

55     .419. 6-22. 644.  «8| 

ao 

29.276 

29.4fl 

29.5'»3 

29.  420 

66 

60 

57  568.563     60 

63.8 

•   •   •  • 

58     .606. 478. 44  J.  S» 

21 

29.522 

29.488 

29.464 

29.491 

.37 

59.5 

57.540 

62    ,61 

54.3 

•   •  •  • 

44     i.  18 1.482. 42S.36S 

22 

29.468 

29.  .393 

29.287 

^ 

64.5 

63.5    ... 

fJi     66 

67.0 

...54 

....L55».5K;.5» 

23 

29.714 

29.697 

29.616 

29.676 

54 

57 

56     56.5.59    |59.5 

5a3 

....55 

.385.439.403L4a9 
.....54.3. 556'^  Si 

24 

29.371 

29.251 

29.211 

•  •  •  • 

64 

64      .... 

68    i67 

67.5 

....52 

25 

29.363 

29.496 

29.540 

29.466 

53 

53 

49    ;56 

57.5  51 

54.8 

....51 

.363.343 

.321 

.345 

26 

29.602 

29.  422 

29.512  ,55 

... 

18     57 

...51 

54.0 

.... 

47 

.407... 

.-296 

."sa 

27 

29.384 

29.267 

29.302 

29.318 

52 

.56 

.58     54     '58     52 

54.7 

•  •  *  • 

37 

.  362 .  422 

•  •  •  * 

.» 

28 

29.206 

29.115 

29.100 

29.140 

49 

63 

63     51.567     67 

61.8 

47.5 

.3l5.K2l.522 

.♦** 

29 

29.3'6 

■  «•••  •«• 

29.482 

29.399 

49 

•  •  •  • 

43     52 

...44 

4ao 

•   w  •  • 

4l.5.3W....!.2rt4!.Sl 

30 

29. 570 

29.512 

29.431 

29.504 

45 
54.1 

45 
6J.6 

44 

47 

48    ,46 

47.0 

■  •  •  • 

36 
3.5.5 

;. -273.2601.26:^.365 

Meanii 

29.377 

29.369 

29,  374. 

20.365 

57.  4|.56.  9|63. 4  6a  0 

60.8 

.  386 .  492. 445 

•i? 

Oct.        1 

"28.*935* 

29.136 
28.991 

29.204 

29.136 
29.043 

54** 

58 
58 

60 

6ao 

• 

.456!.... 
..163^.388 

.436 
.3S( 

2 

52 

60 

67    :53.5  60.2 

•  •  *  • 

46". 338 

3 

29.372 

29.307 

29.285 

29.  321 

37 

49 

45 

.39 

54     47 

4:13 

.... 

36 

.  l94.-282i.'27E 

.^ 

4 

29.348 

29.292 

29.236 

29.291 

4f) 

51 

49 

43 

53     51 

49.0 

a5 

.208.348.321 

.a 

5 

29.  194 

29.35.5 

29.4!r? 

29.  :M5  ,47 

52 

45 

51 

56    i47 

51.3 

.... 

46 

.270.3J5.ar3, 

.« 

6 

29.683 

29.433 

29.556   .36 

■  «  ■  • 

43 

38 

...45 

41.5 

■  •  •  • 

lis 

.186 '251 

.«M 

7 

29.842 

29.767 

29.713 

29.774   35 

49 

48 

.36.5  51     |50 

4.5.8 

•  «  •  • 

.34 

.184.321 

.3».27l^ 

8 

29.617 

29.467 

29.320 

29.4.35   49 

5-> 

50 

53     |57     54 

54.7 

•  •  •  • 

46 

.a»o.407 

.30e.337| 

9 

'28.*7i9' 

28.851 
28.741 

28.773* 

28.851 
28  743 

52 

60 
5L 

67 

67.0 
5-2.3 

•  •  •  • 

•  •  w   « 

48* 

...1.4251 
.349.361 

.3W 

.423 

10 

48 

,55 

52     50 

^ 

11 

28.  931 

29.  173 

28.931 
29.201 

45 

49 

•  •  •  • 

50 

46*' 

47 

47.0 
49.7 

■   •  •  • 

46.*5 

.  2r)|  ... 
.335.348. 

.«3 

12 

29.282 

29.327 

50 

51     48 

.»4.» 

13 

29.  372 
29.327 

29.372 
29.264 

44 
33 

•  «  •  ■ 

.54 

55"' 

45 
36 

45.0 
49.7 

•   •  •  • 

97?i 

...irS" 

14 

29.249 

29.215 

56     57 

32    1.149.391 

.:^«i 

15 

29.3:W 

29.330 

29.355 

29.341 

37 

55 

52 

39 

57     54 

50.0 

.... 

35     .194.4/7 

16 

29.:i90 

29.256 

29.284 

29.310 

43 

60 

64 

46 

62     67.5 

58.5 

•  •  •  • 

40     .23e.49l.549j.l« 

17 

29  214 

29.171 

29.193 

59 

•  •  •  ■ 

61 

61 

....6rj 

62.0 

•  •  •  • 

S3 

.473....i.5IO.«a! 

18 

29.195 

29.137 

29.207 

29.  180 

50 

67 

55 

53 

70     58 

60.3 

51 

.324.62i.3S3  44J 
.378.6-22!  ...w 

19 

29.297 
29.413 

29.284 
29.  343 

-89.*.386' 

29.290 
29.381 

54 

50 

67 
64 

.56 

57 
52 

70      

66     .59 

63.5 
59.0 

20 

>  «  •  ■  , 

49 

.3-i4.5er:4n9> 

21 

29.176 

29.  132 

29.  .357 

29.222 

57 

65 

48 

61 

67     50 

59.3 

...51 

.412.39I>.3».^ 

22 

29.485 

29.615 

29.500 

47 

39 

50.5  40 

30.2 

.....36.5 

277-2^rSj 

.157. 232.3*.  W 

23 

29.748 

29. 742 

29.670 

29.  72 ) 

34 

42 

40 

37 

47 

43 

42.3 

30 

24 

29.71K) 

29.690 

29.695 

29.695 

32 

48 

40 

35 

53 

42 

43.3 

...29 

.  142.969.22UJI' 

25 

29.714 

29.648 

29.625 

29.  662 

il 

3d 

49 

32 

42 

52 

4-2.3 

...28 

.15l.l77.3»:«« 

26 
27 
28 
29 

29.598 

•  •  f  •  •  •  • 

29.635 

29.617   . 

35 

50 

•  •  •  • 

•  ■  •  • 

■  •  •  • 

37 

•  •  •  • 

•  •  •  • 

55 

•  •  •  ■ 

•  •  •  • 

3a7 

>   »  •  • 

.... 

.178.295 

...-OJj 

\ 

30 
31    . 

Meanr. . . . 

29.340 

29. 324 

•  •  •  •  •  ■  • 

29.368 

29.321   i 

13. 7  i 

■  •  •  • 

)4.  1^ 

•  •  •  • 

46.9 

•  •  •  • 

•  •  •  • 

46.2 

57.4! 

49.1 

50.7 

.  .... 
1 

•■■■| 

»     . 

•  •  •  •    * 

362. 

•  •  •    • 

•  •  •    - 

...J-- 

...'■• 

1 

J 

1 
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the  northern  and  northwestern  lakes  at  Tatcas  City,  Michigan, 


VAPOR. 

WIND. 

Amoum 

cloudint 

(0  =  cle 

tof 

>ar 

en- 
ver- 

-."8 

0  • 
§•« 

^1 

spa 
< 

melted 
Inches 

Humidity. 
Saturation  =  1,000. 

Direction. 
From  whence. 

Velocity,  In 
mileii,  per 
hour. 

la 

13.3 
7.0 

11.0 
5.7 

10.7 

10.0 
3.0 
7.7 

10.7 
3.0 
7.7 
5.0 
4.7 
7.3 
2.7 

d 

0 

1 
•9 

-4.* 

s 

1 
& 

-kv.) 

(10=«»ky 

tlrely  0 

caitti 

OOQ 

• 

a 

• 

a 

• 
CI 

.  a 
d 

i 

76 

a 

• 

a 

• 
en 

• 

a 

• 

p, 

0) 

a 

el 

10 
5 
5 
2 

12 

10 
4 

10 
2 
3 
3 
4 
8 

• 

a 

• 

a 
c< 

20 
17 
25 
10 
14 
18 
15 

*  •  •  • 

12 
14 
18 
16 
6 
6 

a 

d 

18 

8 

6 

6 

6 

2 

2 

13 

18 

3 

4 

2 

14 

16 

• 

a 

ci 

• 

a 

• 
A, 

W 

10 
0 
2 
0 
1 
4 
1 

"7 
9 
] 
9 
2 
I 

« 

a 

• 

a 

10 
0 
0 
0 

10 

1 
1 

3 

10 
0 

1 

9 

1 
1 

1^^ 

.831 

.472 

.822 
.772 
.735 
.810 
.772 
.793 

'.'848' 

'.*686* 
.773 
.831 
.869 

.882 
.769 
.893 
.856 
,729 
.774 
.895 
.703 
.861 
.727 
.7.35 
.699 
.769 

.652 
.837 
.774 
.839 
.795 
.770 
.822 
.824 
.812 
.843 
.725 
.799 
.823 
.819 
.850 

• 

NE  ... 
NW... 

8 

W  .... 

8 

NW... 
NW... 
s 

NE  ... 

8 

SW  .  . 

8 

8 

NW... 
SE.... 

NE  ... 
SW.  . 
W  .... 

S 

s    .... 
NW... 
NW... 

8 

NW... 
NW... 

8 

NW... 

N 

B 

0 

N.45W. 
8.25W. 
8.  46  W. 
8.7  W.. 
South  . . 
8. 45  W. 
8.45  E. 
South  . . 
N.47  W. 
N.32E 
S.8W.. 
8. 21  W. 
N.53W. 
Ea.''t  . .. 

10 
2 

10 
0 
0 
1 
I 
1 

10 

1 

0 

0 

10 

.807 

.780 

.889 

.718 

.809 

.900 

.753 

.886 

w.... 

w .... 

w.... 
w.... 
sw . . 

swV! 

NW... 
SE. ... 

8 

S 

W.... 
£ 

.824 

.762 

.888 

.940 

•  •  •  •  •  ^ 

.53 

.850 

8 

8.  45  W. 

3 

.783 

.824 
.8t0 
.848 
.831 
.883 
.818 
.878 
.793 
.725 

.'876' 
.790 

.777 

.895 
.868 
.850 
.851 
.796 
.865 
.791 
.841 
.859 
.790 

."796' 

.918 

.843 

.834 
.780 
.859 
.851 
.804 
.842 
.837 
.817 
.798 
.832 
.872 
.802 
.856 
.822 

sw . . 
sw. . 

NW... 
NW... 
W.... 

w 

SW  .  . 
sw .  . 
sw .  . 
NW... 
w .... 
NW... 
NE  ... 

8 

NW... 

SW  .  . 
SW  .  . 
SW  .  . 
NW... 
W  .... 
NW... 
NE  ... 
8 

2 
3 
2 
8 
3 

15 

14 

8 

13 

10 

9 

13 

15 

13 

8 

'ie* 

10 

•   •  •  • 

4 

3 

14 

16 

3 

2 

8 

10 

9 

1 

8 

3 

4 

10 

2 

6.3 
8.3 
9.7 
7.0 
4.7 
5.0 

13.3 
7.3 
4.7 
6.7 
6.3 
4.0 

11.7 
3.3 

2.4 

5,0 
2.0 
2.7 
2.7 
9.0 
4.7 
4.3 
9.1 
6.0 
6.0 
1.0 

11.0 
2.7 
5.3 
1.3 
4.7 
2.0 

10.3 
2.0 
9.3 

:io 

5.7 
5.3 
7.0 
3.3 
3.3 

8. 45  W. 
8. 45  W. 
8.  47  W. 
N.45W. 
Went. . . 
8. 76  W. 

10 
9 

10 

10 

0 

10 
5 

10 
10 

8 
1 
1 
5 
10 

'5" 
0 

16 

4.9 

0 
0 
8 
5 
3 
8 
0 
0 

0 

1 
1 

10 
3.4 

.672 

.  878 

.870 

.rj2 

.50 

.842 

N.45E 
South 

9 

.609 

NW... 
W.... 
W.... 
W.... 
NW... 
SW  .  . 

4 

12 
6 
2 

25 

14 

N.  57  W. 

Went  .. 
S.29W. 
S.30  W. 
N.45W. 
N.56W. 

8. 64  W^. 

0 
10 

0 

0 
10 
10 

4.9 

'9 

2 

9 
10 
10 

6 
10 

•  •  • 

10 
10 
10 

0 

0 

0 

0 

9 

7 
10 

0 
10 

.874 

.867 

w.... 
w.... 

NW... 

8 

S 

.826 

.794 

.847 

NW... 

SB.... 

.824 

.793 

.817 

.813 

1.03 

15 
7 
10 
10 
16 

•  •  •  ■ 

4 
10 
18 

6 

■  •  *  • 

20 

.... 

10 
10 
6 
6 
13 
13 

"3" 

•  •  •  ■ 

6 

.880 
.550 
.674 
.864 
.747 

'.'8.59' 
.874 
.642 
.930 

.'899' 

.687 

.859 

.847 

.840 

.856 

.738 

.'856' 

.880 
.701 
.779 
.824 
.772 
.826 
.856 
.782 
.642 
.864 
.847 
.902 
.920 
.817 
.852 
.823 
.884 
.821 
.830 
.857 
.839 
.8:12 
.695 
.731 
.752 
.744 

"s'.V.V. 

NW... 

N 

NW... 
W  ... 

s 

South . . 
North  . . 
N.45W. 
North  . . 
N.  21  W. 
Went   . . 
8. 45  E  . 
South  . . 
8.  45  W. 
8.  45  W. 
8.45W. 
N.7W. 
N.  45  W. 
8.39  W. 
8.  45  E  . 
South  . . 
8.61  W. 
West... 
8. 27  E  . 
Went... 
8.  57  W. 
Went... 

4 

8 

3 

10 

10 

•  •  •  • 

4 

0 

5 

10 

.653 

N 

8 

8 

N 

N 

N 

N 

NW... 
W  .... 
SE.... 
8 

5 
8 
8 
8 
8 
4 
10 

4 

6 

10 

10 

10 

0 

8 

.816 

.750 

.r^a 

.811 

.t<53 

w.... 

8E. ... 

swV. 

8W  .  . 

E 

SW  .  . 
SW  .  . 

.733 

.805 

SW  .  . 

SW  . . 

9 
3 

20 
8 
3 

12 
3 
4 

11 
3 
2 
5 

10 
.... 

.847 

.927 

.920 

.929 

.850 

NE  ... 
NW... 

NW... 

NW... 

10 

10 

.65 

.705 

.872 

.874 
.884 

."648* 

.848 

.891 

.893 

.753 

.624 

.667 

.661 

.681 

.874 
.867 
.817 
.886 
.816 

'.'819" 
.856 
.910 
.750 
.829 
.794 

NW... 
W.... 
0  ..... 
SW  .  . 

w.... 
w.... 
w.... 
sw . . 

'w. *.'.'.* 

w.... 

NW... 
NW... 

s 

SE.... 
s 

SE.. 

W.... 

A4  •  .  .  • 

S 

w.... 
w.... 

15 
4 
5 

•   •  •  a 

18 
8 
8 
4 

15 
3 

16 
2 
8 

8 
12 
6 
3 
2 

•  •  •  • 

18 
2 
2 
7 
7 

10 

0 
0 
7 

•  •  •  • 

7 
4 

10 
10 
7 
0 
0 
1 
5 

10 

1 

0 
0 

7 

.816 

.767 

.882 

.798 

.812 

.861 

w.... 
sw .  . 
w^ .... 

w.... 

s 

SE.... 
NE 

w.... 

NW... 
w 

10 
10 
0 
0 
0 
2 

.769 

.34 

.712 

w.... 
w.... 

E 

8 
6 
2 
6 

N.  79  W. 
S.  39  W. 
Eai«t  . . . 
N.9E.. 

0 
0 

1 
6 

.698 

.800 

.807 

2.2 

S.6 

5.2 

5.4 

.794 

.793  1  .850 

.814 

8. 76  W. 

.99 

i 
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Reductions  of  the  monthljf  meteorological  regiMler  of  the  jurr^  «f 


Date. 


18e7; 

Not.       1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

Ifeaoi... 


Dt)o. 


1 
2 
3 
4 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 


Barometer  redaeed  to  t«»niperatQre 
of  32°  Fahr.,  expresaed  in  United 
State«  incheg  and  decimals. 


S 


29.441 


29.175 

29.020 

28.901 

29.159 

29.266 

29.5(H 

29.259 

29.045 

29.517 

29. 246 

29.196 

29.418 

29.535 

29.199 

29.353 

29.249 

29.292 

29.148 

29.02-^ 

29.344 

29.423 

29.314 

28.9()0 

29.283 


29.248 


Means. 


29.156 

29.262 

29.178 

29.077 

28.571 

29.170 

29.491 

29.474 

29.270 

29.290 

29.379 

29.521 

29.403 

29.279 

29.227 

28. 88)» 

29.442 

29.734 

29.150 

29.  6  8 

28.970 

29.404 

29.170 

29.073 

29.231 

28.769 

29.362 

29.583 

29.800 

29.673 

29.300 

29.287 


a 

p. 


29.402 


29.071 
28.830 
2&943 
29.109 
29.295 
29.456 
29.269 
29.092 


29.385 
29.237 
29.407 
29.454 
29.224 

29.167 


a 


29.456 


28.972 
29.42? 
29.321 


28.961 


29.212 


29.203 
29.  163 
29.076 

29.orj 


29.149 
29  427 
29.438 
29.  243 
29.315 
29.416 
29.478 
29.328 


29.084 
28.797 
2^.071 
29.217 
29.403 
29.386 
29.117 
29.376 
29.022 
29.433 
29.376 
29.  448 


9 
« 


29.433 


29.258 
2l».  248 
29.  156 


29.160 
29.^72 
29.495 
29.244 


28.980 


29.237 


29.  M9 

29.287 


29.028 


29.202 


29.561 
29.651 
29.282 
29.  49iJ 

28.  8.>7 
29.546 

29.  100 
28.720 
29.275 
28. 705 
29.314 

29.' 776" 

29.518 

28.746 

29.259 


29.254 
29.422 
29.110 


29.501 
29.364 
29.  173 
29.  173 
29.2>6 
29.682 


29.293 
29.  C82 
28. 943 
29.523 
29.298 


29.179 
29.059 

29.672 
29.949 


2a  888 
29.292 


29.110 
28.689 
28.972 
29.162 
29.321 
29.449 
29.215 
29.171 
29.270 
29.355 
29.270 
29.424 
29.495 
29.227 
29.300 
29.191 
29.292 
29.154 
29.089 
29.  4-22 
29.329 
29.314 
28.947 
29.283 


29.363 


29.236 
29.237 
29.127 
29.059 
28.571 
29.  191 
29.447 
29.341 
29.257 
29.202 
29.298 
29.500 
29  365 
29.226 
29.201 
29  043 
29.562 
29.093 
29.  242 
29.390 
2e<.9.i6 
29.491 
29.189 
28.897 
39.228 
2a  844 
29.  225 
29.628 
29.839 
29.596 
28.978 

29.258 
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the  northern  and  northwestern  lakes  at  Tateas  Ciifft  Michigan. 


TAPOR. 

• 

WIIfD. 

• 

Amoun 

cloudint 

(0=cle 

»ky.) 

(lO=Hky 

tirely  vy 

caat.) 

tof 

ar 

Amount  of  evaporation,  in 
U.  8.  inchen  and  deoi> 
main. 

melted 
inches 

HumiOify. 
Sataration  =  1,000. 

Direction. 
From  whence. 

Velocity,  in 
milen,  per 
hoar. 

si 

n 

Si 
11 

*>  a 

• 

§ 

1 
1 

£ 

en- 
rer- 

• 

S 

d 

• 

a 

d 

9* 

• 

a 

• 

a, 
a* 

• 

i 

a 

• 

a 

d 

01 

• 

a 

• 

• 

a 
d 

• 

a 

• 

0. 

« 

a 
0. 

• 

a 
d 

• 

a 

• 
G9 

a 

• 

0) 

Is- 

aS9 

0 



.747 

.727 

.807 

.760 

W.... 

8W... 

NW.  . 

16 

30 

3 

15.3 

S.65W. 

0 

4 

0 

.836 

.820 
.903 
.681 
.  119 

.809 
.876 
.850 
.«77 

.822 
.820 
.749 
.481 
.778 
.843 
.686 
.848 
.669 
.847 
.792 
.741 
.723 
.767 
.840 
.819 
.867 
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Reductions  of  the  monthlif  meteordogieal  rtgister  of  tkttwr 


TKMPERATURZ— 

-PAHRXITRUT. 

TAPOB 

Barometer  reduced  to  temperature 
of  32^'  Fahr.,ezpreued  in  United 

Wet  bnlb,  or 

Drj  balb,  or 

tern- 

Elastidtj.l 

Date. 

point  < 

o( 

peratoTB  of  the 

inehetan* 

evaj 

poration. 

open  air. 

• 

a 

0 

a 
S 

a 

a 

• 

a 

^ 

• 

a 

• 

s 

• 

a 

• 

a 

• 

a 

• 

a 

i 

• 

a 

i 

• 

a 

■ 

a 

i 

cs 

d 

e. 

• 

d 

a 

& 

• 
a 

• 

a 

» 

_g 

d 

a 

t 

r- 

01 

a» 

X 

o 

O 

o 

o 

o» 

o 

o 

S 

o 

o 

t* 

w 

a 

1867. 

o 

Jan.     l 

29.700 

29.705 

29.713 

29.706 

11 

17 

13 

12 

19 

^5 

15.3 

26 

10 

.061 

.071.0 

9 

29.708 

29.568 

29.476 

29.584 

12 

15 

14 

13 

17 

l{ 

15.3 

18 

11 

.oei 

.063.0 

3 

29. 493 

29.451 

29.391 

29. 445 

10 

26 

26 

12 

•28 

28 

22.7 

28 

13 

.046. 117.1 

4 

29.4tJ0 

29.409 

29.332 

29.354 

24 

30 

29 

25 

32 

31 

29.3 

35 

23 

.117 

.144:.! 
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29.0U5 

28.918 

29.052 
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30 

29 
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31 
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27 
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29.276 

25 

24 

24 

27 

26 

•26 

26l3 

36 

24 

.112 
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29.275 
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the  northern  and  northteestern  lakes  at  Detroit^  Michigan, 


VAPOR. 


Hnmldity. 
Snturation  =  l.OOa 


a 


.804 
.810 
.6iO 
.872 
.7ft'2 
.761 
.860 
.702 
.855 
.797 
.759 

1.000 
.850 
.834 

1.000 
.850 
.760 
.596 

1.000 
.740 
.845 
.829 
.845 
.855 
.864 
.TJO 
.797 
.797 

1.000 

'.'sis' 


a 


818 


900 
754 
872 
855 
^»2 
864 
860 
834 
415 
61^5 
596 
802 
820 
792 
,883 
824 
788 
,610 
,880 


883 
761 
792 
775 
845 
738 
761 
782 


756 


.692 
.761 
.768 
.794 
.794 
.754 
.746 
.730 
.863 
.860 
.864 
.845 
.660 
.702 
.855 
.872 
.823 
.823 
.475 
.671 
.7.'J0 
.730 
.721 
.751 
.775 
.634 
.702 
.659 
.610 
.635 
.610 


.744 


.628 
.890 
.685 
.788 
.550 
.606 
.420 
.314 
.702 
.648 
.606 
.628 
.840 
.794 
.788 
.628 
.661 
.615 
.887 
.788 
.782 
.761 
.567 
.675 
.665 
.547 
.307 
.669 


a 


.648 
.659 
.768 
.788 
.788 
.754 
.610 
.721 
.730 
.850 
.840 
.855 
.872 
.640 
.829 
.855 
.682 
1.000 
l.(KJO 
.682 

.  84:) 
.855 
.712 
.738 
.896 
.860 
.816 
.769 
l.OUO 
.659 
.914 


.686 


.801 


.876 
.893 

.782 
.775 
.860 
.4511 
.636 
.82:J 
.784 
.  792 
.653 
.921 
.754 
.794 
.527 
.8i>3 
.898 
.883 
.883 
.887 
.761 
.762 
.610 
..883 
.685 
.794 
.895 


S 
as 


.748 

.713 

.715 

.818 

.788 

.756 

.739 

.718 

.823 

.836 

.788 

.900 

.861 

.792 

.895 

.859 

.755 

.8(J6 

.825 

.698 

.807 

.805 

.759 

.782 

.845 

.741 

.772 

.742 

,870 

.647 

.790 


.787 


.801 
.846 
.808 
.808 
.702 
.777 
.577 
.598 
.647 
.709 
.  665 
.694 
.860 

.78;) 

.822 
.66J 
.781 
.674 
.883 
.882 
.851 
.761 
.707 
.687 
.798 
.667 
.621 
.782 


.  787     .  743 


WIHD. 


Direction. 
From  whence. 


Velocity,  In 
mileti,  per 
hoar. 


a 

ei 


WNW 

8\V-.. 

sw... 

S8W  . 
ENE. 
W.... 
W.... 

E 

W.... 
W.... 
W.... 
W.... 
ENE. 

N 

NE.... 

ssw. 
w.... 

NW  .. 
NW  .. 
NE.  .. 

N 

iV  .. .. 
NW  .. 
NW  .. 
ESE.. 
W.... 
W.... 
SW.  . 

w.... 
w.... 

s 


a 

01 


W.... 
SW... 
SW... 
SSW. 
NW... 
W  .... 
W  .... 
ENE 
W  .... 
vi  . . . . 
WSW 
E 

n'ne! 

ENE. 
S£. . . . 
SW... 
WNW 
NW... 
NW... 
NE  ... 
WNW 
W.... 
NW... 
WNW 
ESE  . 
W.... 
WSW 
SW... 
w .... 

o    ..... 

ssw.. 


w.... 

ENE.. 

E 

SE  .  .. 
W  .... 
WSW 
SW... 

8 

WNW 
W.... 

SW..! 

SSE  .. 
NE  ... 

E 

SW... 
W  .... 

8 

NE  ... 
NE  ... 
NE  ... 
NW... 

S 

WNW 
NE  ... 
WSW 
SW... 
SW... 


w.... 

ENE.. 
W  . . . . 
ENE.. 
W  . . . . 
WSW 
SW... 
SSW  . 

N 

W  . . . . 
SSW  . 
SW  .. 

ssw  . 

NE  ... 

E 

WSW 
W  .... 
W.... 
NE  ... 
NE  ... 
NNW. 

N 

SSW  . 
NNW. 
ENE.. 
SW... 
SW... 
WNW 


SW  .  . 
SW... 
SW... 
SW... 
NW... 
W  .... 
W.... 
NW... 
W  .... 
W  .... 
WSW 

E 

WSW 
NE  ... 
SB  .  .. 
W.... 
NW... 
NW... 
SW... 
NE  .. 
NW... 
W  .... 
NW... 

o£i. ... 

ESE.. 
W  . .  - . 
WSW 

SW  .. 
W  ... 
SE... 
SSW 


a 

ei 

r- 


W  . . . . 
E  NE 
SW... 
NE  . . . 
W  .... 
SW... 
SW... 
SSW. 
NW... 
W  . . . . 
SSW. 
SW  .. 
SW... 
NE.  .. 

E 

W  .... 
W  . . . . 
NE  ... 
NB  ... 
NB.... 
NW... 

E 

NW... 
NB  ... 

Ei  .  .  .  .  < 

NW... 

SW... 
SW... 


1.0 
5.0 
1.0 
2.5 
l.O 
6.5 
4.0 
5.3 
2.0 
0.3 
3.0 
0.3 
5.5 
2.0 
5.3 

ao 

13.5 
4.5 
0.3 
5.0 

8.5 

ao 

8.5 
3.0 
6.5 
6.7 
5.7 
5-0 
6.3 
0.3 
1.0 


a 


4. 

10. 
5. 
4. 

4. 
6. 
4. 
1. 
2. 
3. 
2. 
5. 
0 
7. 
1. 
3. 
II. 
7. 
2. 
7. 
7. 
5. 
5. 
1. 
4. 
8. 
7. 
6. 
5. 
2. 
2 


4.5 
4.7 

7.0 
4.0 
6.0 
7.0 
0.3 
5.3 
2.0 
1.0 
2.5 
9.5 
0.3 
4.5 
8.5 
16.0 
9.0 
0.5 
0.3 
9.5 
3.5 
1.5 
0.5 
4.5 
8.0 
6.0 
8.0 
7.5 
3;  0.3 
510.0 
511.0 


•-  s 

>  a. 
a  » 
"a 
a  a 


3.5  3. 

10.3   8. 

0. 5;  0. 

3.  5!  10. 

8.0  r 

4.3 


4. 

5. 

8 
8. 
5. 


4.5 
1.0 
5.5 
3.5 

i6.o;ia 
7.0  5. 

7.3  13. 

7.0  6. 
6.7  12. 
6.511. 

4.01  3. 
5.3 
7.7 
8.3 
6.5 
0.3 
6.0 
8.0 
3.0 
0.5 
0.3 
0.3 


6. 
5. 
4. 
12. 
0. 
7. 
9. 
4. 
4. 
5. 
1. 


3. 
6. 
4. 
3. 
3. 
6. 
2. 
1. 
2. 
1. 
2. 
4. 
1. 
4. 
3. 
7. 
10. 
4. 
1. 
7. 
5. 
3. 
5. 
0. 
6. 
7. 
6. 
3. 
3. 
4. 
4. 


1.9  se4w 


0.3 
4.5 
2.0 
9.5 
3.0 
5.0 


7.0 
4.5 
10.0 
6.5 
11.5 
4.71 
1.0 
6.5 
8.5 
7.5 
0.3 
5.0 
5.0 
7.0 
1.0 
3  12.0 
3  5.5 
5.0; 
5.5! 
3.0 
0.5 
2.5 


2.4 
7.3! 
0.7 
6.7; 
6.I1 
4.3, 
5.3 
5.3 
7.0 
5.2 
15.0 
5.3 
6.7 
6.3 
9.2 
8.0 
2.6 
1.0 
6.0 
6.3 
5.3 
3.7 
3.7 
5.7 
4.0 
2.3 
2.0 
1.3 


£ 

I 
■3 

Oi 


8.  72  W 
8.  45  W 
S.45W 
8.31  W 
N.38  W 
Went... 
We«t . . . 
N.  30E 
West... 
Wert... 
8.77  W. 
East  ... 
N.62E 
N.52B 
S.  72B 
8.  66  W 
N.70W 
N.  45  W 
N.51  W 
N.45E 
N.  33  W 
Weat.. 
N.  45  W 
8.  45  W 
S.  67  E  . 
Went... 
S.  74  W 
S.45W. 
We«t.. 
S.  34  E 
S.22W 


West... 

N.67E 
S.45W 
N.66E 
WeHt . . . 
S.58W. 
S.45  W 
S.21  W. 
N.  35W 
WeHt  .. 
S.15W. 
S.45W- 
S.8W.. 
N.45E. 
Eaitt  ... 
S.69W. 
Went... 
N.52  W 
N.  45  B 
N.  45  E . 
N.3W  - 
N.87  E. 
S.36  W 
N.26  W 
N.71E 
N.  60  W 
8.45  W. 
8.45  W 


0.5   8.27  W. 


Amount  of 
cloudiness. 
(0= clear 
■ky.) 
( 10 =iiky  en- 
tirely over- 
cast.; 


a 


10 
10 
4 

8 
10 

8 
10 
10 
10 
10 
10 

4 

10 
10 

8 
10 
10 
10 

3 
10 
10 
10 
10 
10 
10 
10 

7 
10 

8 

4 

7 


8.7 


8 

10 

10 

10 

10 

9 

4 

8 

10 

4 

8 

10 

10 

10 

10 

8 

4 

10 

10 

10 

10 

10 

10 

8 

7 

5 

0 

5 


8.1 


a 

O) 


8 

3 

3 

10 

10 

10 

4 

10 

4 

6 

6 

9 

10 

9 

10 

10 

10 

4 

3 

10 

10 

10 

10 

10 

10 

10 

10 

10 

3 

6 

10 


a 

a 


8 
3 
5 

10 
10 
10 

5 
10 
10 
10 

7 
10 
10 
10 
10 
10 
10 

5 

5 
10 
10 
10 
10 
10 
10 
10 
10 
10 

5 
10 
10 


8.0 

6.8 

9 

7 

10 

10 

10 

6 

10 

10 

10 

7 

3 

6 

6 

8 

8 

10 

10 

10 

3 

3 

7 

10 

10 

10 

10 

10 

10 

10 

10 

10 

8 

5 

7 

8 

3 

10 

10 

10 

7 

10 

10 

10 

10 

10 

10 

10 

7 

9 

6 

9 

2 

3 

2 

4 

10 

8 

7.8 

6.3 

—  o 


S  a 
o  « 

o. 

CD    X 

^a 

o.a 

g  -"a 

< 


.02 


.04 
".'62 


.22 

i.'i4 


.06 


.24 


1.74 


.92 
".*48 


.04 


.06 

.  0(5 


.62 


.02 


2.72 
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Kedurtions  of  tke  monthljf  meteorological  regutfr  of  the  timry  cf 


TEMPERATURE— FAHRENHEIT. 

TAPOR.            > 

Barometer  reduced  to  temperatare 
of  3-29  Fahr.,  exprcMedin  United 

1 

1 

States  inches  and^lmals. 

Wet  bnlb 

.or 

Dry  bnlb,  or  tem- 

Eiaatieity.ioU.g.) 

Date.    . 

- 

point  of 

peratare  of  the 

inches  ud  ded- 

evaporation. 

open  air. 

• 

• 

malft. 

-" 

1 

a 

B 

S 

• 

a 

• 

6 

• 

a 

• 

a 

• 

a 

• 

a 

• 

a 

• 

a 

• 

a 

• 

a 

• 

a 

0 

s 

• 

a 

• 

a 

^  1  ' 

ei 

• 

• 

0. 

s 

• 

ft 

• 

0. 

• 

d 

• 

a 

e. 

s 

1   ^ 

• 

c.  '  S 

r- 

o« 

e» 

as 

0 

e« 

Oi 

0 

0* 

0 

•  0 

as 

s 

0 

r- 

a 

0    s 

1867. 

0 

0 

0 

0 

Mar.       1 

29.170 

28.917 

26.790 

28.959 

33 

45 

47 

35 

47 

49 

417 

49 

31 

.162.373.297.944 

2 

29.048 

29.274 

29.428 

29.250 

28 

25 

18 

32 

26 

20 

26.0 

51 

16 

.108.  123.076.10* 

3 

29.455 

29.267 

29.144 

29.289 

16 

18 

17 

19 

21 

20 

20.0 

24 

16 

.056. 06.5'.  060.  OWj 

4 

29.275 

29.397 

29.479 

29.384 

16 

28 

26 

19 

30 

28 

25.7 

32 

17    .056. 13l>.  117.101 

5 

29.701 

29.756 

29.765 

29.741 

20 

29 

25 

32 

32 

27 

27.0 

M 

30   .085.  126. 112.106 

6 

29.779 

29.623 

29.466 

29.623 

19 

28 

27 

31 

30 

29 

26.7 

36 

3a   .Oft».130.124.ni 

7 

29.370 

29.587 

29.715 

29.557 

24 

28 

25 

26 

31 

27 

28.0 

35 

23 

.106.  iis.iu.n* 

6 

29.831 

29.717 

29.677 

29.742 

20 

3i 

27 

22 

34 

30 

38.7 

35 

20 

.065.139|.  lU.m 

9 

29.616 

29.567 

29.491 

29.558 

27 

35 

28 

29 

40 

31 

33.3 

40 

25 

.124. 139. 119. 127 

10 

28.274 

28.953 

29.065 

29.104 

34 

41 

40 

36 

43 

44 

41.0 

48 

29 

.170.  231. 195.  }*» 

11 

29.459 

29.  .'■1O8 

29.479 

29.482 

32 

32 

27 

34 

36 

28 

32.7 

50 

28    .155;.  129.136.1*1 

12 

29.296 

29.308 

29.389 

29.331 

34 

31 

27 

26 

35 

30 

30.3 

38 

24    .1116. 128.113.116 

13 

29. 3,'»7 

29.357 

29.  512 

29.409 

28 

22 

8 

3'J 

24 

10 

2ao 

33 

9  ;.  1301.095. 04a. tw 

14 

29.654 

29.  aw 

29.720 

29.677 

6 

15 

9 

7 

17 

10 

11.3 

18 

7    .046. 06:1. 054. 05<! 

15 

29.839 

29.754 

29.721 

29.771 

8 

24 

19 

9 

26 

22 

19.0 

26 

7    .051.106.069.073, 

16 

29.563 

29.355 

29.159 

29.359 

21 

29 

21 

24 

30 

24 

26.0 

31 

30   .ir79.14H.07y.IOJ 

17 

29.147 

29.315 

29.430 

29.297 

22 

20 

9 

24 

5S 

10 

18.7 

29 

9  L095.085.0SI  07? 

.  16 

29.5:J2 

29.5V8 

29.468 

29.503 

11 

26 

20 

13 

28 

23 

21.3 

29 

9    .049.  117. 074. 1»> 

19     29. 572 

29.655 

29.673 

29.6:« 

U 

30 

27 

13 

33 

28 

24.7 

34 

11    .049.132.136.106 

80     29. 744 

29.659 

29.6(/6 

29.700 

24 

34 

30 

26 

37 

32 

31.7 

39 

23 

.106.  157:.  144.136 

21 

29.471 

29.306 

29.261 

29.347 

28 

30 

31 

30 

32 

a3 

31.7 

.18 

28 

.  130|.  144 .  15! .  14i 

22 

29.348 

29.442 

29.517 

29.436 

30 

34 

32 

32 

36 

33 

3a7 

37 

31 

.  144!   170.lfi8.I6l 

23 

29.542 

29.527 

29.513 

29.527 

31 

35 

33 

32 

37 

34 

34.3 

39 

30 

.162.1781.155.1© 

24 

29.417 

29.294 

29.  :«5 

29.  349  ' 

33 

35 

3d 

34 

36 

37 

35.7 

39 

31 

.175.  19l|.l!».I* 

25 

29.617 

29. 695 

29. 713 

29.675 

26 

32 

37 

28 

34 

28 

33.3 

39 

36 

.117.  155. 136.  IX 

26 

29.727 

29.551 

29.317 

29.532 

24 

26 

26 

25 

28 

27 

26.7 

31 

24 

.117.117.129.121 

27 

29.173 

29.180 

29.280 

29.211 

23 

28 

24 

24 

29 

26 

26.3 

30 

22  !.  112.142.106.139 

28 

29.336 

29.442 

29.385 

29.388 

18 

25 

21 

2il 

26 

.33 

26.3 

40 

17  '.  J76.123.O9O.096 

29 

29.452 

29.354 

29.324 

29.377 

25 

42 

32 

26 

45 

35 

lib.  3 

47 

34    .123.^.14-2.164 

30 

29.325 

29.254 

29.237 

29.272 

32 

46 

36 

33 

i  51) 

40 

41.0 

51 

28   .168.258.1M.19J 

31 

29. 270 

29.  128 

28.966 

29.121 

32 
2.3.4 

33 

45 

30.6 

38 

39 

35 

1  56 

I 

;»3.4 

44 

42 
28.7 

37 

44.3 

57 
57 

47 

30   .142. 155.  IW.1C6 

1         i 

Means 

29.465 

29.43i) 

29.421 

29.439 

,26.22oc4 

1 

29.2 

7  i.  109. 145. 124. 136 

April     I 

26.909 

26.951 

29.055 

28.972 

34 

34 

38.3 

31  1.  175 

.151 

.157.161 

2 

29.298 

29.387 

29.  516 

29.400 

32 

40 

30 

35 

49 

35 

39.7 

50 

32  .I42.i:»i.ia9.ia7 

3 

29.  574 

29.431 

29.323 

29.443 

31 

44 

42 

35 

51 

46 

44.0 

54 

31    .138.3091.215.164 

4 

29.175 

29.102 

29.186 

29.121 

45 

48 

40 

54 

51 

43 

49.3 

57 

41    .170. 296. »?.  3^1 

5  '  29.  010 

28.990 

29.141 

29.047 

33 

33 

30 

36 

35 

31 

34.0 

47 

29   .149.  Ib^.  155.155 

6 

29.321 

29.181 

29. 172 

29.225 

29 

40 

35 

31 

49 

43 

43.7 

50 

36   .137.130.100.122 

7 

29.2tJ2 

29.299 

29.360 

29.287 

37 

41 

40 

45 

51 

44 

46.7 

53 

38   .116.126.195.146 

8     29. 28<» 

29.  4:J8 

29.  518 

29.4.2 

40 

41 

34 

44 

46 

38 

42.7 

50- 

37   .195.192.144.177 

9     29.680 

29.552 

29.434 

29.555 

33 

43 

38 

36 

48 

42 

42.0 

48 

31    .149.212.177.1:^ 

10  1  29.  294 

29.  108 

29.204 

29.202 

36 

37 

37 

38 

39 

39 

38.7 

44 

37  i.  186.194. 1»4. 191 

11 

29.391 

29.365 

29.343 

29.366 

3J 

40 

34 

31 

46 

37 

38.0 

5^ 

39 

.155. 169. 157. 1« 

12 

29.298 

29.242 

29.190 

29.243 

36 

47 

4<4 

39 

58 

46 

47.7 

60 

31 

.173.178.215.189 

13 

29.360 

29.369 

29.389 

29.339 

40 

48 

45 

45 

62 

52 

53,0 

63 

36 

.182. 15 1.307.  IW 

14 

29.415 

29.333 

29.265 

29.338 

45 

51 

47 

52 

64 

52 

56.0 

67 

45 

.907.302.257.43 

15 

29.178 

29  113 

29.079 

29.123 

48 

53 

52 

51 

55 

54 

5a3 

58 

46 

.296.349,3».3B6 

16 

29.059 

29.165 

29.398 

29.2.J7 

45 

46 

42 

47 

53 

45 

4^3 

56 

44 

.273. 3®.  238.257 

17 

29.440 

29.508 

29.578 

39.509 

40 

44 

37 

48 

61 

48 

52.3 

61 

40 

.143. 065. 077.  fl« 

18 

29.714 

29.705 

29.  624 

29.681 

35 

41 

40 

42 

51 

44 

45.7 

53 

.33 

.  1 13 .  136!- 1». «« 

19 

29.515 

29.424 

29.341 

29.427 

36 

47 

46 

43 

57 

50 

50.0 

60 

40 

.164. 191-8«.aM 

20 

29.  148 

29.038 

29.  138 

29.108 

50 

49 

44 

56 

67 

51 

58.0 

67 

47 

.382.110'a».l«« 

.166.15^.199.13 
.178. 147. 1:0.  WSl 

21 

29.260 

29.199 

29.118 

29.193 

37 

46 

43 

41 

58 

49 

49.3 

59 

37 

22 

28.849 

29.005 

29.274 

29.043 

35 

36 

34 

37 

41 

36 

38.0 

52 

33 

23 

29.451 

29.564 

29.548 

29-521 

31 

34 

35 

33 

39 

38 

36.7 

41 

31 

.151. 131. 185. 1«, 
.149. 177;.  1».  13 
.190. 19^179.  »?7 

24 

29.498 

29.491 

29.520 

29.503 

33 

38 

39 

36 

42 

•42 

40.0 

45 

M 

25 

29.562 

29.5i>9 

29.460 

29.510 

38 

46 

41 

41 

55 

47 

47.7 

56 

35 

26 

29.370 

29.148 

29.124 

29. 214 

43 

46 

40 

48 

56 

50 

53.0 

61 

43 

.212. 1531,1 17.  W 

27 

29.405 

29.536 

29.507 

29.483 

29 

35 

32 

33 

41 

36 

36.7 

53 

31 

.  114.  136|.l».tg 
.131.130j.l«.l3 

38 

29.494 

29.455 

29.396 

29.448 

34 

40 

35 

39 

49 

41 

43.0 

49 

31 

29 

29.284 

29.152 

29.099 

29.178 

41 

53 

53 

44 

59 

58 

5a7 

61 

31 

.3I8.396.33S  g 

30 

29.189 

29.182 

29.167 

29.183 

53 
37.7 

53 
4a  3 

43 

58 

63 
51.4 

45 
44.3 

55.3 

64 

44 

96 

.336.37oL».t» 

Meani . . . . 

29.321 

29.296 

29.312     39.310 

39.4 

1 

41.7 

45.6 

67 

.179 

.179 
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the  northern  and  nprthwestem  lakes  at  Detroit,  Michigan, 


VAPOR. 


Humidity. 
Saturation  =  1,000. 


e 

S 

a 

d 

• 

d. 

t* 

CI 

Oi 

.797 

.847 

.853 

.594 

.87H 

.702 

.541 

.570 

.  5.>6 

.541 

.782 

.768 

.721 

.694 

.761 

.712 

.782 

.775 

.754 

.685 

.761 

.721 

.712 

.675 

.775 

.557 

.685 

.802 

.83:j 

.677 

.792 

.610 

.^i 

.754 

.628 

.675 

.782 

.728 

.  582 

.769 

.671 

.791 

.784 

.  7.>4 

.584 

.610 

.890 

.610 

.rs8 

.721 

.791 

.623 

.768 

.598 

.623 

.703 

.883 

.754 

.712 

.794 

.782 

.794 

.80 

.794 

.802 

.893 

.81»6 

.807 

.792 

.895 

.900 

.9<J3 

.768 

.792 

.883 

.872 

.'768 

.880 

.868 

.887 

.754 

.702 

.876 

.  730 

.876 

.762 

.&m 

.893 

.716 

.645 

.698 

.346 

.744 

749 


895 

698 

628 

423 

705 

788 

386 

6*7 

705 

811 

893 

726 

607 

535 

,790 

.847 

.426 

.420 

.587 

.627 

.653 

.807 

.800 

.705 

.Tie 

.631 

.606 

.547 

.756 

.698 


.742  I  .746 


522 
373 
581 
790 
797 
37:j 
3.'i7 
617 
631 
816 
54.3 
370 
270 
340 
805 
667 
120 
337 
411 
166 
318 
567 
547 
661 
445 
318 
488 

:r73 

592 
,470 


.712 
.  537 
.691 
.  751) 
.893 
.357 
.677 
.628 
.661 
.816 
.712 
.691 
.535 
.660 
.867 
.  762 
.228 
.677 
.716 
.525 
.572 
.802 
.719 
.744 
.  554 
.322 
.610 
.488 
.  61)8 
.762 


670  !  .  487  I  .  645 


i 
as 


.832 
.724 
.556 
.697 
.725 
.756 
.733 
.703 
.672 
.771 
.  762 
.CS6 
.701 
.744 
.707 
.703 
.750 
.66;J 
.r.J6 
.7.53 
.7l>2 
.829 
.  8.12 
.899 
.814 
.840 
.836 
.769 
.779 
.751 
.596 


.746 


.710 
.536 
.63:) 
.654 
.  798 
.506 
.467 
.641 
.660 
.814 
.716 
.596 
.471 
.512 
.921 
.759 
.258 
.478 
.571 
.439 
.514 
.725 
.689 
.703 
.579 
.424 

.469 
.682 
.643 


WIND. 


Direction. 
From  whence. 


601 


S 


E 

W  ... 

E.SE 
N.NE 
W  .... 
E 

N 

8.SW 
N.NE. 
E.  SE 
W.... 

N 

8.8  W 
\V  . . . . 
8W.... 

E 

W... 
SW.... 

s 

NE  ... 

E 

E.  NE 
E.NE 
E.... 
W.NW 

E 

NE  ... 
N\V.. 
W.... 
W  . . . . 

w.sw 


w.... 
w.... 

E 

8W.  .. 
W.SW 
SW... 

w.sw 

NW.  .. 

E 

E.NE 
N  • .... 
SW.... 

s 

S.Su .  • 
S.oE . . 

E 

N.NW. 
NE  . 
tt. .... 
SW.. 
W.NW 

N 

NE  . . . 

N 

SW  .  . 

s.sw 

N.NW 
S.SE.. 

E 

W.SW 


s 

d 

91 


S.SW. 
NW  .. 

Ej  .  .  .  .  . 

W    . . . 
w .... 

F 

N.NW 
E.NE 
E. .. . . . 

8 


rj  .  .  .  .  . 

N 

W  .... 
w  . . . . 
SW.... 

E 

W  .... 
SW . . . 
E.  SE  . 
E.NE 

E 

E.NE 
E.NE 

E 

N.NW 

£<  .  .  .  .  . 

N.NW. 

NW. .. 
W  . . . . 
w .... 

Slnr .. . . 


W 

w . . . . 

S.SE.. 
SW.... 
W.  8  W 
SW.... 
w  . . . . 
NW... 
E 

n.ne' 

E 

SW.... 

8 

S.SW. 
s 

N.NW 

NE  ... 

E.NE. 

SW.... 

W  .... 

N.NW. 

NE  ... 

SE:... 

SW.... 

S.SW 

E 

CJ  •  •  *  ■  •  • 
o  •  •    •  •   •  • 

W.NW 


B 


s  w^.. . . 
NE.... 
E.NE 
W  . . . . 
W  .... 

£<  .  .  .  .  . 

N.NW 

E 

1*4.. ... . 

W.SW 
E.NE 

E 

W  . . . . 
W  . . . . 
S  W.. . . 

E 

W  .... 
SW.... 
E.NE 

E 

E 

E.NE 
E.NE 
W.... 
N.NW. 

E 

NW  .. 
NW  .. 
W  .... 
W  . . . . 
8 


SW... 
NE.... 

S 

SW... 
w    ... 
SW... 
w ... 
NW.. 

E 

NE. . .. 
SW  . 
SW  . 

O  >     •  •  •  < 

NE. . . 

B.    ... 

N 

NE... 
NE... 
bE.  •• 
SW.. 
SE  .. 
NE... 
NE... 
SE... 
8W.. 
W... 
E.SE 
E.. . . . 
SW.. 
NE... 


Velocity,  in 
milcM,  pur 
hour. 


a 

eS 


B 


0.5   7. 

10,0  14. 

7.511. 

i.o!  5. 

3.0'  4. 
5.511. 
8.5'  9. 
0.7i  3. 

4. 
II. 

4. 

6. 


3.5; 
1.0 
2.0 
10.5 
2.7i  9. 
.3.  5  7. 
4.0'  8. 
9.0  12. 
6.5111. 
5.5  4. 
0.3  .5. 
8.0  11. 
8.7,  9. 
1.7 
0.31 
0..3| 

5 

0 


B 

« 

a 


10 
8, 
8.0 


4.5 
2.7 
.3.5 
1.3 


6.0 
3.7 
2.3 


3.0 
3.7 
4.0 
6.0 
4.0 
6.7 
1.5 
1.3 
2.0 


3. 

4. 

0. 
11. 

8. 

6. 
U». 

8. 

7. 

5. 


3.5 
5.7 
7.0 
2.  5 
2.0 

13.  5 
2.0 
2.0 
1.5 

10.5 
7.0 
4.5 


0 
0 
I 

5 
0 
0 
5 
5 
0 
0 
0 
7 

3:10.0 
0 
4.0 

5  0 
6.0 
4.0 
1.5 
9.5 

6  0 
1.0 
1.3 
6.0 
2.5 

10.5 
5.0 
5.0 
8.5 


•—  5 
V  o 

"^  Ir 

is 

•5a 


.3.3 

7.0 
8.3 
2.3 
12.0 
10.0 
6.7 
1.7 
2.7 
6.0 
.3.0 
6.0 
7.0 
5.2 
5.3 
8.7 


a 


s 


11. 
10. 
15. 

8. 

2. 

8. 

4. 
II. 

5. 

7. 

1. 

4. 

8. 

8. 


4.5 
4.0 


10.5  11 


1.0 

14.0 

2.0 

1.5 

ao 


19. 
9. 
4. 

a 
12. 


2.3  3. 


11.7 
6.3 
3.5 
2.0 
9.0 
11.0 


13. 

a 
1. 
5. 

17. 
4. 


7.  0!  9. 
a  0  16. 
4.0   6. 


5 

0 
5 

0 
5 
Oi 

7t 

0 

0 

0 

5 

0 

3 

7 

5 

0 

7 

5! 

51 

01 

3| 

0 

I 

5 

0 

0 

3 

0 

0 

5 


2.0 
1.7 
5.7 
9.0 
4.7 
6.7 
6.4 
5.0 

a3 


S.  28  W. 
N.  49  W. 

S.89  E. 
N.83  W. 
Went  . 
EuHt . . 
N.13  W. 
N.  82  E. 
N.  .58  E. 
S.  28  W 
N.  73  E. 
N.  14  E. 
S.  83  W. 
Went   . 
S.  45  W. 
En  sit 

W«-Mt... 

S.  45  W. 
S.75  E. 
N.  67  E. 
EaHt.. . . 
N.71  E. 
N.70E. 
West.  . . 
N.  15  B 

EaBt 

N.  1  W.. 
N.45  W. 
West  .. 
Went... 
S.  30  W. 


Amount  of 
clondinfim. 
(0=clear 
uky.) 
(10=i«ky  en- 
tirely over- 
ca:tt.) 


a 

a 

• 

a 

i 

• 

• 

a 

t* 

c« 

o> 

10 
10 
10 
10 
10 

8 
10 

5 

10 

10 

10 

10 

10 

3 
o 

9 

8 

7 

2 

7 

10 

10 

10 

10 

6 

10 

10 

8 

6 

2 
o 


—  W 
9>tJ 

^  a 
c  — 
•» 

o    .  ^ 

< 


10 

8 

10 

8 

4 

10 

10 

9 

5 

10 

10 

3 

6 

7 

7 

10 

7 

4 

4 

8 

10 

10 

7 

10 

2 

10 

10 

4 

7 

3 

5 


10 

8 

10 

10 

6 

10 

7 

10 

7 

10 

10 

10 

6 

5 

8 

10 

5 

3 

5 

9 

10 

10 

10 

10 

0 

10 

10 

7 

8 

3 

10 


ej    9 

•5  .a 

1« 

a  — 

b      > 

cao 

^£| 

5  o  "O 

aSS 


0.71  N.13  W.I  7.9    7.4I  8.0 


10.0 
8.  5i 
8.3 
8.5 

19.  0| 
5.51 
0.3! 
1.5 

ao 
0.3 
1.0 
1.0 
0.7 
1.0 
1.5 
6.0 
4.7 
ao 
0.3 
4.0 
7.0 
4.0 
2.5 
4.5 
2.5 
4.0 
7.0 
8.5 
4.5 
5.0 


8.7 
a  3 
8.0 
7.7 

8  0 
5.7 
3.0 
5.3 
4.7 

a  7 

2.0 
2.0 

a  4 
a  3 

7.7 
8.3 
8.7 

16.7 
1.7 
6.3 
1.3 
9.0 
4.0 
1.3 

ao 

9.3 
a  7 
7.0 
6.3 
2.7 


0.5 


S.  73  W. 

10 

5 

N.50  W. 

4 

3 

S.20  E. 

8 

7 

S.  45  W. 

10 

10 

S.  85  W. 

10 

10 

S.  45  W. 

4 

8 

S.81  W. 

8 

10 

N.45W. 

10 

10 

Eiwt 

4 

5 

N.36E. 

10 

10 

N.7E.. 

4 

3 

S.  45  W. 

0 

3 

South  . . 

2 

3 

8.  11  W. 

8 

10 

S.  10  E. 

10 

10 

N.3E.. 

10 

10 

N.12W. 

0 

0 

N.  45  E. 

2 

4 

N.  77  E. 

8 

9 

S.45W. 

8 

4 

S.7  W- 

6 

9 

N.5  W. 

10 

10 

N.  45  E. 

10 

10 

S.81  E. 

10 

10 

8.  45  W. 

5 

6 

S.  29  W. 

•  8 

10 

N.  37  E. 

;  It) 

7 

S.73  E. 

5 

5 

8.1  W 

1 0 

10 

N.57  W 

7 

5 

S.71  W. 

7.0 

7.2 

10 

5 

8 

10 

10 

10 

10 

7 

10 

10 

0 

4 

5 

10 

10 

5 

0 

7 

10 

7 

10 

10 

10 

10 

8 

10 

10 

10 

10 
10 


8.2; 


.04 
.08 


.08 
.10 


.18 


.40 


.20 

."ii 


1.22 

.35 

.39 

.02 

.14 
.30 

.14 
.  10 

.56 
.08 

1 

.....l...... 

.!*.!'.'.  .is 

1. 

1 

1 

2.19 
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Reductions  of  the  monthlp  meteorological  register  of  the  sun  e|  ^ 


Date. 


1867. 

May       1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

1(> 

17 

18 

1!) 

20 

21 

22 

23 

24 

25 

2« 

27 

28 

2it 

30 

31 

Means. . . . 


Jane 


1 
2 
3 
4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 


Barometer  rednced  to  temperatnre 
of  32°  Fahr.,  exprewted  in  United 
States  inchei  an*  decimals. 


S 
ei 


Xl5 


Means.. 


29.311 
29.564 
29.720 
29. 
29. 
29.  312 
29.297 
»).  275 
29. 152 
29.206 
29.359 
29.  523 
29. 212 

28.  974 
28.960 
29.212 

29.  3.'39 
2i).  t;p8 
29.  496 
29.  317 
28.981 
28.777 
2^).  06;: 
29.  289 
29.  167 
29.  215 
2i).  5(J9 
29.  282 
09.  317 
29.  486 
29. 598 


29.474 
28.973 
28.981 
29.  249 
29.  444 
29.311 
29.  357 
29.474 
29.  525 
29.548 
29.431 

29.  :m 

29.  509 
29.414 
29.281 
29.352 
29.381 
29.  456 
29.  623 
2i».528 
2i».  580 
29.477 
29.395 
29.250 
29.  193 
29.  293 
29.370 
29.470 
29.5.30 
29.225 


a 

a 

0( 


S9.232 

29.602 
29.679 
29.240 
29.246 
29.263 
29.  287 
29.208 
29.  076 
29. 245 
29.329 
29.455 
28.976 
29.059 
21».056 
29.234 
29.473 
29.  584 
29.374 
29.310 
2H.770 

28.  9:)8 

29.  148 
29.  265 
29.055 
29. 264 
2l».  478 
29.250 
29.360 
29.:i96 
29. 582 


29. 290  29. 272 


29.381 


29.290 

28.992 

29.  109 

29.382 

29.  :iSS 

29.  3(i9 

29.304 

29.414 

29.491 

29.  448 

29.:J88 

29.  354 

29.458 

29.311 

29.240 

29.443 

29.269 

29.501 

29.5.57 

29.521 

29.513 

29.465 

29.361 

29.192 

29.197 

29.286 

29.223 

29.520 

29,422 

29.151 


29.350 


29.390 
29.609 
29.579 
29.  169 
29.  .107 
29.247 
29.  289 
29.  148 
29.019 
29.166 
29.412 
29.385 
28.953 
29.028 
29.  lai 
29.243 
29.541 
29.549 
2S\  306 
29.  244 
28.  773 

28.  967 

(Ml  i'hKl 

29.  220 
29.  162 
29.347 
29.540 
29. 186 
29.3r3 
29.  459 
29.  .W I 


29.272 


29.127 

28.915 

29.  161 

29.  324 

29.  .330 

29. 266 

29.  3.')5 

29.476 

29.  479 

29.  433 

29.335 

29.456 

29.  437 

29.313 

29.  233 

29.412 

29.296 

29.  572 

29.577 

29.529 

29.482 

29.408 

29. 312 

29.204 

29.  245 

29.293 

29.322 

29.542 

29.345 

29.230 


S 


29.344 

29.592 
29.659 
29.241 
29.241 
29.  274 
29.291 
29.210 
29.062 
29.206 
29.367 
29.  454 
29.  047 
29.020 
29.  0«)6 
29.230 
29.  451 
29.607 
29.  :J92 
29.  290 
28.841 

28.  894 

29.  146 
2i».  258 
29.  128 
29.  275 
29.509 
29.  239 
29.350 
29.  447 
29.560 


TKMFERATURIC— FAHRENHEIT. 


Wet  bnlb,  or 

point  of 
evaporation. 


• 

a 

• 

a 

(d 

d 

«^ 

et 

o 

o 

37 

45 

25 

33 

33 

38 

45 

54 

^1 

50 

A1 

a 

p. 


35  i  38 
m  I  41 
37  I  45 
43     48 


38 
38 
44 
43 
42 
44 


49 
45 
60 
45 
46 
49 


40  45 

42  !  51 

45  41 

45  50 


45 
42 
40 
45 
47 
42 
47 
45 
52 
48 
45 


49 
43 
45 

52 
50 
48 
S3 
55 
57 
52 


29. 278   42.  2  47.  7  43. 2  46.  4  55. 5 


89.297 

28.  948 
29.084 

29.  318 
29.  :J87 
2i).  295 
29.  .339 
29.  4.>5 
29.498 
29. 476 
29.  385 
29.395 
29. 478 
29.346 
29.  251 
29. 402 
29.315 
29.  510 
29.586 
29.526 
29.525 
29.450 
29.356 
29.215 
29.212 
29.291 
29.305 
29.511 
29.432 
29. 202 


37 

31 

36 

52 

45 

37 

37 

38 

46 

46 

41 

46 

50 

45 

45 

45 

41 

47 

44 

46 

49 

41 

41 

48 

42 

48 

44 

34 

48 

42 

47 


Dry  bnlb,  or  tem- 
perature of  the 
open  air. 


a 


40 
31 
.38 
50 
57 
45 
37 
40 
42 
47 
46 
43 
46 
40 
43 
48 
42 
49 
50 
47 
48 
45 
42 
52 
54 
47 
51 
56 
55 
52 
49 


29.  .347 


48  58 

61  I  6-2 

55  I  57 
.58  63 

56  65 
64  ,  64 
64-  69 
61  66 
56  62 


60 
60 
64 
62 
69 
65 
63 
60 
58 
56 
59 
60 
65 
68 
68 
70 
61 
66 
60 
61 
65 


62 
66 
66 
65 
68 

66 
70 
60 
60 
61 
67 
72 
71 
70 
71 
69 
68 
62 
66 
75 


55 
58 
.53 
55 
60 
62 
65 
56 
60 
56 
64 
61 
64 
64 
68 
53 
67 
55 
55 
59 
60 
66 
66 
68 
69 
65 
61 
59 
66 
62 


53 

■ 

66 

>i3 

74 

58 

62 

60 

75 

61 

73 

70 

67 

67 

79 

65 

75 

63 

74  : 

29.359  61.4  65.7  61.1 


64 
67 
66 
66 
74 
70 
66 
69 
62 
60 
62 
62 
70 
73 
72 
74 
66 
72 
65 
65 
71 


57 
41 
46 
58 
65 
49 
45 
51 
56 
59 
62 
59 
69 
47 
53 
59 
53 
59 
5:i 
57 
52 
45 
52 
62 
54 
57 
56 
57 
62 
66 
59 


a 


3 


41 
37 
40 
55 
53 
43 
40 
42 
52 
53 
47 
53 
55 
46 
49 
49 
45 
53 
48 
50 
51 
44 
46 
58 
50 
52 
61 
57 
53 
49 
51 


49.1 


70 
74 
73 
74 
80 
71 
74 
bO 
70 
71 
71 
74 
81 
80 
79 
74 
81 
80 
68 
79 
86 


61 
63 
56 
60 
65 
66 
69 
60 
62 
64 
67 
65 
68 
68 
71 
63 
69 
60 
61 
64 
65 
72 
72 
72 
72 
71 
65 
62 
70 
69 


46.0 
36.3 
41.3 
54.3 
58.3 
45.7 
40.7 
44.3 
50.7 
53.0 
51.7 
51.7 
56.7 
46.3 
4a  3 
52.0 
46.7 
53.7 
50.3 
51.3 
50.3 
44.7 
46.7 
57.3 
52.7 
52.0 
56.0 
56.7 
56w7 
55.7 
53.0 


a 

0 

a 

"5  i 

a  I 




a 

9 

a 

"3 


50.3 


59.7 
66.7 
58,7 
65.0 
66.3 
67.7 
71.7 
66.7 
66.3 
66.0 
69.3 
68.0 
69.3 
74.0 
72.0 
67.7 
7Z7 
64.0 
64.0 
63.7 
67.0 
74.3 
75.0 
74.3 
73.3 
7i7 
72.3 
65.0 
71.3 
75.3 


60 
46 
47 
63 
67 
.T7 
48 
53 
59 
62 
64 
60 
68 
58 
55 
60 
55 
62 
57 
58 
54 
54 
57 
64 
62 
60 
.'.7 
59 
67 
71 
61 


39 
29 


VAPOB. 


Elastidty.iaU.S. 
inches  and  dee- 
mals. 


• 

a 

• 

E 

i 

e 

d 

e. 

^ 

1 

S 

t>- 

e« 

» 

leil. 

066 


25  ;.  123 
35  [.234 
49   .407 


41 
35 

:i5 

32 
51 
34 
35 
54 


251. 
178. 
160. 
155. 
225. 
125. 
164. 
"362. 


71 


42    .238. 

41  .254. 
38     236. 

40  %221. 
36  1.175. 

45  .234. 

44  .'ITS. 

46  .26i». 

42  .228. 
40  !.22l  . 

40  .207. 
48  .231. 
42   .i»2. 

41  .270. 

45  .  1551 
51   |.349{. 

.  282!. 
.247. 


46 
37 


142|.  lGi>  m 

084.1i&.Oeg 

125.160.I3t; 

365.349.316! 

163. 194.251 

199.142.1!?:' 

l38.l!»Llw5 

126.1T;.l.i( 

129.  ISO.  166 

190.21^.211 

176. 179.  up; 

115. 219. 1« 

3981.293.31? 

273i.**6.*Jti 

2L9.2*:.2«i 

216. 247.2X3 

194.20J.S/: 

26'.».344.» 

170. 23b. 2U 

268. 255. 2» 

3C8.ail.2» 

25l.ild.2£ 

207.]9;J.2J: 

202.an3.a»4 

268.55*5.25! 
230.065.1* 

3.'!^ 253 

340. 2®.  319 
346^^.175.* 
•.»6. 270. 371 


25  1.220. 230. 249. » 


70  ;  42 

75  i  59 
66  55 
79  I  51 

76  I  49 
83  I  60 
81 

I  76 


65.8  74.665.7 


68.7 


58 
60 
77  i  62 
75  I  51 


76 
82 
77 


61 
62 
57 


84  I  60 
77  I  63 
75  I  62 
83     55 

74  55 

75  I  47 
73  \  52 

76  ;  53 

83  I  55 

84  61 
81  64 
79  68 
84  60 
83  65 
72  58 
81  ,  51 
91      67 


.491 


91 


42 


282.376; 
;.  510. 396 
i.  393 .  399 
1.456.415 
.  383 .  510 
.516.556 
i.  556l  57{ 
.483.519 
.356,396 

465L  449 
.425;.  532. 

.502.497 
.641.524. 
.550*.jpi. 
.  536'.  5321. 
.  3981.  sm. 

429.385. 

396. 371;. 

4G0|.  403. 


.568, 


550.663 
618;.  637 
.631.612 
.679.718 
.  470;.  547 
.539.524 
.451.476 
4831.517 
.537^719 


354. 3Jr 

.416.441 

.363.385 

.3fi7.41^ 

451.4** 

502. 5» 

5^4  565 

396- 4»! 

4^1.414 

.343.4L^ 

.556.504 

543.514 

27l^.44<; 
SB.i44 
367.394 
354.374 
433.41? 
451.503 
55*.  5*1 
55!».«5 
631-» 

6a?.» 

537.51^ 
4^.SSt 

586.535 
4«  333 


492.519.4d?.4» 
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the  northern  and  northwestern  lakes  at  Detroitt  Michigan, 


VAPOR. 

WIND. 

Amount  of 

cloudiness. 

(0=clear 

Amonnt  of  evaporation,  in 
U.  8.  inches   and   deci- 
mals. 

'  melted 
.   inchei 

Hnmldity. 
8ataratiun=  1,000. 

Direction. 
From  whence. 

Velocity,  in 
miles,  per 
hour. 

is 

• 

1 

1 
1 
& 

skv.) 
(10=»ky  en- 
tirely over- 
cast.) 

O  QC 

v«  a  a 

• 

a 

d 

a 

• 
CI 

a 

d 

• 

1 

• 

a 

ei 

• 

a 

• 
CI 

■ 

a 

d 

• 

a 

t- 

8.5 

13.0 
8.0 
9.5 
4.0 
5.0 
9.7 
9.0 
3.0 
2.3 
4.0 
2.5 
7.0 
4.7 
3.0 
5.0 

12.0 
7.0 
20 
4.0 

17.0 
7.0 
4.5 
2(1 
9.0 
6.0 
3.0 

13.0 
3.{' 
3.0 
4.7 

■  *  •  • 

1.5 
12.0 
5.0 
1.5 
3.0 
2.3 
0.3 
3.0 
4.5 
5.0 

• 

a 

• 

■ 

a 

d 

• 

a 

■ 

a 

■ 

p. 

Cl 

• 

a 

• 

a 

5  ©•« 

.732 
.380 

.305 
.328 
.400 
.756 
.264 
.572 
.459 
.337 
.267 
.381 
.317 
.229 
.564 
.847 
.544 
.432 
.483 
.537 
.423 
.577 
.794 
.840 
.5.35 
.364 
.867 
.577 
.512 
.753 
.612 
.543 
.592 

.653 
.476 
.645 
.805 
.483 
.511 
.732 
.661 
.590 
.544 
.554 
.554 
.681 
.921 
.710 
.710 
.684 
.606 
.704 
.716 
.859 
.756 
.617 
.421 
.450 
.727 
.120 

'.*667' 
.505 
.722 

.563 
.395 
.527 
.736 
.540 
.641 
.666 
.548 
.478 
.541 
.424 
.453 
.696 
.845 
.723 
.615 
.665 
.549 
.591 
.713 
.810 
.786 
.660 
.440 
.623 
.643 
.451 
.549 
.695 
.592 
.675 

NW... 
NW... 
SE.... 
SE.... 
8W... 
SW... 
W.NW 

N 

NW... 
W  .... 
N.NW 
N.NW 
E 

w .... 

NW... 
NW... 

N.NW. 
N.NW 

E 

B 

E 

W.NW 
W  .... 
SW... 

sw... 

NW.. 
E.NE. 

E 

W  .... 
W.NW 
N 

NW... 
NW... 
SE.... 

s.sw 

SW... 
SW... 
NW... 

N 

NW... 
NW... 

w  .... 

E 

sw... 

W  .... 
NW... 
NW... 
NW... 
E.NE 

E 

E 

E 

W  .... 
W.... 

S 

SW... 
E.NE. 
E.NE 

E 

W  .... 
SW... 
E.NE. 

NW... 
NW... 
SB.... 
S.SW 
SW... 
SW... 
NW... 

N 

NW... 
NW... 

N 

E 

W  .... 
W  .... 
NW... 
NW.. 
NE  ... 

E 

E 

E 

E 

NW... 
W.... 
SE... 
s  w . . . 
SB... 

E 

E 

W.... 
NE  .. 
SW... 

12.3 

11.0 

11.  0 

13.0 

8.7 

6.5 

6.0 

10,0 

8.7 

6.0 

5.0 

5.0 

ao 

5.3 
12  0 
2.0 
10.0 
4.0 
6.0 
3,5 

n.o 

4.7 
6.0 
17.0 
4.0 
4.0 
5.5 
6.0 
6.5 
5.0 
4.3 

6.0 
7.7 
7.0 
4.5 
4.0 
3.5 
25 
4.0 
3.0 
11.0 

3.3 

3.0 
7.0 
5.3 
5.0 
4.0 

8.0 
9.0 
8.7 
7.7 

ao 

.•vO 

o 

N.45W. 

N.  45  W. 
8.  45  E. 
8.  1  W. 
8.  45  W. 
8.  45  W. 
N.  57  W. 
North  .. 
N.  45  W. 
N52  W. 
N.  10  W. 
N.  77  E. 
S.  3  W. 
West . . . 
N.  45  W. 
N.45W. 
N.  29  W. 
N.  28  E. 

EaMt 

Eaiit 

East 

N.  67  W. 
West... 
8.    7  E. 
S.  45  W. 

10 
4 

5 
8 
10 
10 
10 
10 
4 
10 

7 

5 

5 

10 

10 

10 

10 

10 

5 

5 

10 

6 
10 
10 
10 
10 

8 

7 
10 

.' 

9 
6 

10 

7 
10 

8 
10 
10 
10 
10 
10 

8 
10 

7 

4 

10 
10 
10 

7 

8 

a5 

10 
10 

8 

8 

7 
10 

6 
■   8 

5 

7 
10 

8 
10 

8 
10 

8 
10 

7 

8 

8 

4 

8 

8 
10 
10 

6 

6 

8 

8 
10 

.04 

.537 

646 

.874 
840 

.60 

.807 

3.0  6.3 
0.5  6.5 
8.0  6.3 
5.5  4.3 
5.5  3.3 
5.7|  3.3 
5.0  0.7 
4.5  4.8 
0.3   5.0 
1.5  27 
1.5   7.3 

3.  0  3.  0 
8.0  5.3 
4.0   3.8 

4.  5  10. 8 
5.0   5.3 
1.0  3.8 
6.0   7.7 
2  5  5.0 

645 

.577 

698 

400 

3  4 
0       8 

10       7 
10     10 
10       7 
57  i    6 
10       9 

4  1     6 

.587 
843 

.76 

.767 

.916 

.704 

82i> 

...... 

.14 
.04 
.06 

.  505 

.646 
.847 
.777 
.762 
.829 

10 

10 

10. 

10 

10 

0 

8 

5 

7 
10 
10 

9 

10 
10 
10 
10 
10 

6 

7 

5 
10 

9 

9 

4 

6 

7.7 

7 
3 

9 
7 
6 

.24 

.40 

1.10 

.40 

535 

.55i.» 

.624 

1.5    1.7  N.    9   E. 

,728 
.'M6 

3.5 
0.5 
3.5 
3.0 
6.0 

5.0 
6.0 
1.0 
2  5 
2  0 

2  5 
0.3 
3.5 
0.5 

10.0 
1.5 
1.5 
1.7 
3.0 
25 
1.0 

3  5 
25 
3.0 
0.3 
1.5 
0.5 

11.0 
4.0 
1.5 

4.  0  N.  75  E. 

6.5  East 

4.3  We«t... 
1.3'  S.85  W. 

.60 

.805 

.727 

.  710 

0. 7i  N.  9  W.     2 

1.0 

7.5 

.683 

.517 

.626 

.608 



N.  53  W. 

4.38 

.727 

.588 
.472 
.718 
.479 
.fi2:» 
.841 
.580 
.599 
.472 
.613 
.634 
.672 
.593 
.512 
.681 
.634 
.584 
.525 
.490 
.532 
.677 
.627 
.623 
.618 
.856 
.518 
.512 
.695 
.543 
.579 

.659 
.723 
.809 
.708 
.7:31 
.786 
.796 
.765 
.884 
.575 
.841 
.783 
.793 
.793 
.850 
.470 
.896 
.708 
.659 
.727 
.731 
.712 
.712 
.804 
.852 
.708 
.783 
.828 
.799 
.653 

.658 
.694 
.781 
.689 
.691 
.777 
.739 
.716 
.658 
.65<> 
.706 
.78-<? 
.724 
.690 
.761 
.647 
.682 
.668 
.638 
.696 
.764 
.697 
.699 
.742 
.839 
.654 
.669 
.751 
.708 
.647 

8E.... 

S 

SW... 

SW... 

E.NE. 

SW... 

SW... 

NE  .. 

NE  ... 

E 

8 

SW... 

E 

SW... 
W  .... 
NE  ... 
SE.... 
W  .... 

N 

NE  ... 
E.NE. 
SE.... 
8.8W. 

E 

E 

W.NW 
SW . . . 
N.NW 
NE  ... 
SW.  .. 

B.NE 
S.  SW 
W.8|W^ 
W.... 

E 

SW... 

E 

B 

E.  NE. 

E 

8 

SW... 

S.SW. 

8 

NE  ... 
SB.... 
W  .... 
NE  ... 
NE  ... 
E.NE. 
SW.. 
E.NE. 

E 

E 

SW... 

SW.. 

E.NE. 

SW... 

8W... 

E 

S.SW. 
W.NW 

E 

E 

s  w . . . 
E     ... 
NE  ... 

8 

E 

W  .... 
SB-... 
S.SW 
N.  XE 

8 

NE  ... 
SW... 

E 

SW... 
NE  ... 
E.SE  . 
SW... 
E,8B.. 

E 

E 

SW... 
8  W  . . . 
E.NE 
SW... 
E 

4.0 
8.3 
4.0 
1.3 
3.0 
2  7 
0.7 
3.3 
2  3 
8.7 
5.3 
3.3 
3.3 
5.3 
5.3 
2  0 
8.7 
27 
0.7 
1.3 
3.0 
0.7 
4.3 
5.2 
2  3 

N.  84  E. 
8  12  W. 
8.  61  W. 
S.  76  W. 
N  83  B. 
S.  45  W. 
8.78  E. 
N.  63  E. 
N.  58  E. 

Ea»t 

S.  5  W. 
8.  37W. 
8.  80  E. 
8.25  W. 
8.  5  W. 
N.  45  E. 
8.  37  E. 
West... 
North  .. 
N.  45  E. 
N.  75  B. 
South  . . 
8.  75  E. 
East.... 
East.... 
8.  50  W. 
8.  45  W. 
N.  38  E. 
8.  45  W. 
S.20W. 

8 

10 

10 

7 

8 

.886 
.816 

.68 

.880 

.713 

.704 
.841 
.783 

6  10 
5       4 

•7       6 
4       5 

4  \    6 

8  !    9 
10     10 

7  1    a 

.04 

.84 

.  619 

.780 

.642 

7.0!  8.3 

.891 
.786 

3.0 
6.5 
2  0 
1.3 
1.0 
4.0 
4.5 
20 
0.3 
4.0 
1.5 
0.5 
5.7 
3.0 
1.0 
5.0 
7.0 
1.3 
6.5 

7.0 

3.5 

17.0 

13.0 

4.7 

■22.0 

6.0 

3.0 

4.0 

3.5 

1.0 

3.0 

6.0 

2r) 

4.0 
6.0 

.36 

.764 

5 
9 
9 
9 
4 
4 
9 

8 
7 
7 
5 
5 
7 
9 

.751 

.838 

,564 

.772 
.765 

.72 

.828 

10       4 

5  6 
7       5 

6  7 

7  1    9 

.751 

.761 

.804 

.810 

.735 

9.0i  4.3 

7 
7 
6 
6 
8 

7.1 

4 

8 
4 

7 
7 

.712 

4.0 

5.0 
3.3 
23 
3.3 

1.2 

731 

6.51  2  5 

783 

7.3 
7.0 

•  •  •  • 

1.5 
6.0 

708 

1 

.767 

.603 

.751 

.707    

■  •  *  • 

8.  29  E. 

6.5 

8.1 

254 
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em  and  northwestern  lakes  at  Detroit^  Michigan. 


APOR. 


tomidlty. 
atlon=i,000. 


WIND. 


Direction. 
From  whence. 


Velocity,  In  .r  ?  I 
niileH.  per  ,_c  ^  j 
hour.  z  t 


a 

• 

a 

■ 

a 

d 

a 

t* 

01 

a 

N.NE. 

E 

E 

si:.... 

8  8W 

SW... 

a 
d 


s  * 


^  a 


a 
o 


I 


N.77  E. 
8.  27  NV. 
S.  45  W. 
8.  60  E  . 
8.  18  E  . 
N.  i^^  W. 
N.76W. 
N.29W. 
N.  24  VV. 
South  . . 
S.  49  W. 
N.  14  E 

s.  8:>  E  . 

S    74  E 
N.  4!»  W. 
X.  J5()E. 
East  . . . 
Ettut  . . . 
N.  4.'iE 
N.:)7E 
N.  45W. 
WVst... 
Eiist  . . . 
N.  72  W. 
8.  52E 
8.  84  E 
8.  7  E.. 
8.  45  VV. 
N.  ItJW. 
8.  40  E  . 
South  .. 


Amount  of 
clondiuesti. 
(0=  clear 
Kkv.) 
(10=ufcy  en- 
tirely over- 
catfL) 


a 


T 
5 
7 
10 
10 
5 
8 
3 
4 
8 
5 
10 
3 
5 
7 
0 
2 
8 
9 
5 
4 
2 
7 
7 
10 
10 
6 
8 
4 
4 
10 


a 

01 


9 
6 
5 

10 
7 
6 
4 
6 
5 
9 
7 

10 
5 
6 
8 
4 
4 
8 
9 
6 
5 
5 
8 
8 

10 
3 
4 
9 
5 
6 

10 


9 
10 

7 
10 
10 

6 

8 
10 

6 

8 

6 

8 

7 

8 
10 

5 
10 
10 
10 

7 

6 
10  ! 

8 
10 
10 

5 

7 

7 

5 

7 

7 


.90 
.10 

.30 

t 

12 

.18 

•  If) 
.40 

.16 


S.  49  E  i  9.5   6.7,  8.0 1     2.32 


8. 20  W. 
N.45\V. 
N.45E 
8.45  W. 
8.  45  \V. 
8.  78  \V. 
N.  77  E 
EnHt  ... 
8.  8  E.. 
N  ,58  E 
N.  (»8  E 
8.  20  \V. 
N.  8  W. 
N.45  E. 
N.  4)E. 
N.  73  E . 
8.  21  W. 
8.64  W. 
N.  32  \V 
N.  64  E 
N.  84  E 
8.  61  E 
S.  53  W 
N.  33  \\ 
N  40  E 

EllKt      . , 

South  . . 
N.  70  \V 
N.  45  VV 

N.  45  VV 
8.  13  E 


10 
4 
5 
4 
4 
8 
9 
3 
5 
8 
5 
7 
9 
7 
3 
5 
7 
5 
8 

t 

6 
8 

10 
6 
5 
8 
6 

10 
8 
6 

10 


8 
9 
4 
5 
6 

10 
4 
4 
5 
6 
6 
8 
8 
4 
4 
5 
8 
6 
9 
8 
7 
6 
8 
7 
4 
8 

10 
6 

10 
5 

10 


0.2   8.  24\V.:  6.7   G.7 


10 

7 
5 
6 

7 

10 

4 

5 

10 
5 

9 

10 

7 

3 

5! 

6  ' 
8  I 

10 
10  I 
8  ' 

8  I 

7  ! 

9  t 
6  I 
9  i 
7 

10 

7 

8 

7 
10 


.19 
.10 

.26 

.50 

22 


.51 


.50 


2.27 
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Reductions  of  the  monthly  meteorologicAl  regitUr  of  the  ssrrcf  «f 


TEMPERATUKI— FAHRUfH£IT. 

VAPOR. 

Barometer  reduced  to  temperatnre 
of  32^  Fahr,  expressed  In  United 

1 

• 

States  inches  and  decimals. 

Wet  bnlb,  or 

Dry  bnlb,  or  tem- 

Elasticity, in  U.S. 

Date. 

point  of 

perature  of   the 

inches  and  (kr.- 

evaporation. 

open  air. 

• 

a 

0 

H 
"5 

malSb 

• 

a 

d 

• 

a 

d 

• 

a 

• 

a 

■ 

i 

• 

a 

• 

a 

d 

« 

a 

d 

• 

a 

* 

a 

• 

• 
• 

0. 

• 

§ 

« 

a 

• 
(9 

• 

s 

d 

C 

d 

s 
s 

t- 

ot 

Oi 

as 

e* 

01 

o 

o 

o 

0 

31 
0 

S 



0 

0 

1* 

c» 

a 

S 

1867. 

o 

0 

Sept.      1 

29.302 

29.403 

29.405 

29.370 

53 

53 

47 

57 

61 

49 

55.7 

67 

48 

.350.2971 

.297.315 

2 

'.•9.  446 

29.430 

29.371 

29.416 

46 

56 

54 

48 

66 

58 

57.3 

70 

39 

.284 

.316 

,365.;t2i 

3 

29.363 

29.346 

29.365 

29.358 

57 

60 

54 

61 

62 

56 

59.7 

67 

54 

.412.491 

.391.431 

4 

29.  474 

29.478 

29.382 

29.  445 

49 

62 

53 

50 

69 

58 

5i).0 

72 

43 

.  335.462. 3361. 3:^? 

5 

29.355 

29  247 

29. 202 

29.268 

56 

72 

67 

58 

81 

69 

69.3 

S6 

49    .422L663.63.>.57i 

6 

29.289 

29.383 

29.501 

29.391 

66 

56 

51 

70 

65 

55 

63.3 

76 

55   .5861. 330. 3il.4ie 

7 

29.692 

29.  660 

29. 6,57 

29.  670 

49 

55 

53 

52 

65 

55 

57.3 

68 

45 

.308.3001.376  3* 

8 

29.673 

29.  559 

29.  446 

29.  559 

57 

61 

60 

61 

70 

62 

64.3 

75 

47 

.412!  4I6L491L4*) 

9 

29.377 

29.310 

29. 400 

29.;{62 

64 

60 

59 

67 

76 

62 

68.3 

81 

56 

.556;.  305!- 4®;.  440 

10 

29.  542 

2i«.  545 

29.  .538 

29.542 

43 

51 

47 

47 

60 

48 

5i.7 

67 

45 

.  22-5 

.255J-3H>,SS 

11 

29.  541 

29.  493 

29.382 

29. 472 

48 

65 

54 

54 

67 

57 

59.3 

69 

41 

.256 

..591.378.40? 

12 

29. 351 

29.296 

29.266 

29.304 

53 

6t) 

59 

58 

71 

65 

64.7 

79 

52 

.336!.  371 

.  43D  37& 

13 

29. 240 

2i».  228 

29. 394 

29.287 

59 

61 

48 

63 

63 

50 

58.7 

80 

42 

.4471.510 

.3t».*ii 

14 

29.  593 

29.609 

29  585 

29.  596 

43 

60 

51 

45 

61 

55 

53.7 

78 

40 

.251.505 

,321.3* 

15 

29.  578 

29.  460 

29.  443 

29.  494 

55 

65 

64 

57 

76 

67 

66.7 

80 

47 

407 .  470 

.556}.  478 

16 

29.  527 

29.  438 

29.501 

29.489 

66 

74 

70 

68 

85 

74 

75.7 

87 

66 

,612 

.691 

.6T9|.«»1 

17 

29.586 

29.561 

29.571 

29.  573 

69 

74 

70 

72 

86 

74 

77.3 

91 

68 

.66^ 

.677,679.675 

18 

29.  561 

29.  512 

29.  574 

29.549 

63 

76 

67 

70 

80 

69 

73.0 

85 

69 

-482 

.843.6Ki.653 

19 

29.587 

29.521 

29.460 

29.523 

61 

66 

67 

64 

71 

69 

68.0 

74 

62 

.497 

.572.6r>.5e4 

2(J 

29.  366 

29.  5(J5 

29.  622 

29.  498 

69 

61 

54 

73 

68 

56 

65.7 

^ 

56 

.655^^.443.391.4* 

21 

29.  646 

29.  605 

29.607 

29. 619 

51 

58 

55 

53 

68 

58 

59.7 

70 

51 

348,-350|.3a3.364 

22 

29.  588 

29.  470 

29.  578 

29.  545 

51 

63 

57 

55 

76 

63 

64.7 

79 

,  4^ 

.321 

.402.399  374 

3l4.32ll23J 

.4«Kl.«^.4{e 

23 

21>.  770 

29.  705 

29.757 

29.744 

52 

55 

51 

54 

64 

55 

57.7 

72 

49  1.362 

24 

29.  im 

29.  535 

29.  465 

29.  560 

47 

63 

61 

48 

76 

64 

62.7 

79 

42  '.310 

25 

2i>.  397 

29.  502 

211.615 

2i».  505 

57 

56 

45 

61 

66 

49 

58.7 

73 

48  i.412 

.31 61- 247. :» 

2(J 

29.  762 

29.  579 

29.  525 

29.fe> 

46 

49 

42 

55 

53 

43 

50.3 

61 

42 

.192.295.2541247 

27 

29.  487 

29.441 

29.415 

29.448 

36 

57 

50 

37 

67 

52 

52.0 

69 

52 

.199.333.3341.^9 

28 

29.  356 

29. 271 

29.229 

29.285 

49 

65 

59 

50 

80 

62 

64.0 

81 

44 

.335.417   460'.4i>l 

29 

29. 204 

29.  432 

29.  527 

29.388 

56 

49 

39 

60 

56 

42 

5*2.7 

74 

41 

..T96.-,ixV.  i99:*2a 

30 
Means 

21>.  600 

29.  631 

29.556 

29.  596 

34 

45 

60.  3 

42 
55.0 

41 

51 

44 

45.3 

55 

91 

38 

.I05.22lij.24 

I.  Its, 

.1— ! 

29.498 

29.  475 

29.478 

29.  483 

53  5 

57.  0;68.  7I58.  0 

61.2 

38  i.  382,'.  427;.  41 

1         1        1  . 

Oct        1 

29  476 

29.296 

29.182 

29.316 

40 

52 

50 

41 

65 

63 

56.3 

68 

33 

.235 

.216 

.188.  SI  J 

2 

29.068 

29.  067 

29. 246 

29.127 

50 

63 

50 

58 

71 

56 

61.7 

79 

55 

.255 

.469j.28e,X3J 

3 

29.400 

29.  367 

29.396 

29.388 

40 

48 

41 

41 

54 

43 

46.0 

61 

40 

.235 

.2561231.2*1 

4 

29.416 

29.316 

29.219 

29.  317 

36 

48 

5t) 

37 

57 

51 

48.3 

60 

30 

.199 

,217L34!?.2i> 

5 

29.2:U 

29.  399 

2t».  56() 

29.  399 

45 

47 

41 

46 

55 

43 

48.0 

58 

42 

.  286'.  21 7. 23  L  245 

6 

29.  729 

29.  798 

29.  801 

29.776 

39 

46 

43 

40 

56 

45 

47.0 

58 

37 

.225'.  179'  25L'2lJ= 

7 

29.  883 

29.  817 

29.  791 

29.  83U 

38 

44 

41 

39 

50 

45 

41.7 

71 

34 

.21 6'.  21-9'.  2051.  :JU'; 

8 

29.681 

29.  5(J8 

29. 449 

29.566 

36 

51 

49 

37 

56 

51 

48.0 

63 

51 

.19y.3D8:.:«2l.?T'» 

9 

29.  168 

29.  089 

28.  993 

29.  083 

51 

55 

51 

52 

58 

57 

55.7 

61 

47 

.36li.:fi»3.ii5.3o»3 

10 

28.  845 

28.  858 

28.919 

28.  874 

50 

49 

45 

55 

52 

47 

51.3 

69 

46 

.295.3»^.2rjj.ie 

11 

28.  997 

29. 082 

29,  140 

29.  073 

46 

48 

47 

47 

50 

49 

48.7 

53 

44 

.297    SLW.-i^h^'t'J 

12 

29.  222 

29.  300 

29.413 

29,312 

46 

51 

47 

48 

56 

49 

51.0 

60 

46 

.284.:K]8.-^JT;.2» 

13 

29.  5.34 

29,  450 

29  491 

29.  492 

43 

54 

48 

44 

62 

51 

52.3 

64 

43 

.264.312.-J*i.-^*' 

14 

29.  530 

29.410 

29.  405 

29.  448 

41 

55 

49 

42 

60 

52 

53.0 

69 

37 

.244.3O0.3C^.2?4 

15 

29.416 

2i\  389 

29.  461 

29. 422 

46 

51 

48 

48 

67 

49 

.54.7 

70 

45 

.284.245.32?  :H 

16 

29.  549 

29.471 

29.  464 

29.  495 

47 

64 

58 

49 

.75 

62 

62.0 

81 

40 

.2l«7.449;.4^j.:»^ 

17 

29  42.> 

29.415 

29.  a32 

29.  391 

56 

58 

54 

60 

67 

56 

61.0 

79 

57 

.39t;.:K3..3Liii.asJ 

18 

29.  258 

29.  358 

29.  358 

29.  325 

70 

62 

58 

82 

66 

60 

69.3 

80 

55 

.572-5j2U36;.51Ci 

19 

29.  352 

29.  440 

29.  449 

29.414 

65 

56 

53 

79 

60 

55 

64.7 

82 

59 

.431. 3961. 1176. 40: 

20 

29.  459 

29.  508 

29.  472 

29.  480 

61 

57 

55 

63 

77 

58 

66.0 

80 

52 

.5l0.2i)i)..'e3-3* 

21 

29.  452 

29.  30i> 

29.  466 

29.  409 

60 

58 

43 

60 

70 

44 

58.  0 

76 

55 

.518.3231.264  3»i^ 

22 

29.  6  >2 

29.  ('»35 

29.  742 

2tl.  666 

43 

37 

31 

41 

51 

32 

41.3 

73 

41 

■  •  •  • 

.038.1«5.I'i' 

23 

29.  842 

29.  822 

29.  846 

29.837 

41 

37 

28 

38 

50 

29 

39.0 

54 

30 

.051.  li'.';'^^ 

24 

2*).  859 

29.  8:i8 

29.  82.3 

29.840 

48 

38 

29 

39 

56 

31 

42.0 

59 

28 

137.137 

25 

29.  785 

Hi*.  693 

29.  729 

29.  736 

•^7 

49 

46 

27 

54 

50 

43.7 

61 

27 

.117 

.  282 .  25r  •  -i* 

26 

2i).  672 

29.  684 

29.  675 

29.  6*77 

42 

51 

46 

44 

56 

49 

49.7 

65 

39 

.24 1.  3-18. 2711 '.n3 

27 

29.  716 

29.  604 

21».  1336 

2i).  652 

43 

52 

43 

44 

57 

46 

49.0 

63 

37 

.26l|.322|.25^.l'7:> 

28 

29.630 

29.  539 

29.475 

29.  548 

40 

51 

49 

41 

56 

52 

49.7 

61 

40 

.2;i5'  308 -  a -.-■H 

29 

29.  .'i23 

29. 366 

29. 374 

29.  354 

48 

54 

52 

50 

59 

54 

54.3 

63 

40 

.309.3il.3tii.^» 

3<J 

29.  2i)f» 

29.  280 

29.304 

29.  294 

49 

43 

36 

50 

44 

37 

43.7 

58 

36 

.335.264.  ii^.i:'^ 

31 
Means 

29.  440 

29.  497 

29.498 

29.  478 

43 

46.1 

46 

50.9 

42     44 

51 

44 

46.3 

53 
82 

36 
27 

.264.245.24l.i* 

29.461 

29. 441 

29.455 

29.  452 

45.  9 

47.9 

58.8 

48.8 

51.8 

.;?:i3 

.28?< 

.283 
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t  he  northern  and  northwestern  laket  at  Detroit^  Michigan, 


VAPOR. 

WIND. 

Amonnt  of 
clondiness, 

(0— clear 

Hky.) 
(10==aky  en- 
tirely  over- 
'cast.) 

9   V 

•55 

goo  «• 

aps 

< 

melted 
incbeg 

Humidity. 
Saturation  — 1,000. 

Direction. 
From  whence. 

Velocity,  in 
mlleM,  per 
hoar. 

s  « 

11 

6.5 

• 

a 
0 

1 

•ap| 

• 

a 

• 

a 

• 

a 

d 

• 

B 
CO 

• 

a 

• 

• 

a 

01 

• 

a 

• 

& 

Oi 

• 

a 

10.0 
3.0 
4.0 

• 

a 

* 

• 

a 

« 

0 

a 

• 

a 

« 
CI 

• 

a 

• 

0. 

ill 

<    • 

.752 

.553 
.495 
.884 
.653 
.627 
.535 
.487 
.570 
.340 
.493 
.893 
.490 
.ft»6 
.941 
.524 
.574 
.545 
.824 
.754 
.647 
.511 
.448 
.527 
.448 
.495 
.733 
.503 
.407 
.569 
.590 

.853 
.756 
.872 
.698 
.896 
.743 
.869 
.884 
.828 
.925 
'.812 
.680 
.856 
.743 
.841 
.810 
.810 
.896 
.896 
.872 
.816 
.718 
.743 
.833 
.710 
.916 
.861 
.828 
.744 
.836 

.719 
.700 
.842 
.756 
.800 
.692 
.717 
.741 
.670 
.705 
.773 
.623 
.839 
.841 
.746 
.760 
.736 
.793 
.8;28 
.775 
.730 
.636 
.712 
.735 
.658 
.  6«J8 
.756 
.754 
.693 
.611 

N 

N 

8W... 
W  .... 

E 

8W... 

^£i    ... 

E 

SW... 
N.NW 

SW... 
SW... 

N 

N 

E 

8  W . . . 

8 

8W... 
NE  ... 
SW... 

N 

W.SW 

N 

8.SE.. 
NW... 
NE  ... 

E 

8W... 
N.  NE 
NW... 

N 

8 

8  inr  .  .  . 
E.... 

8 

NW... 
NE  ... 

E 

o  W  ... 

E 

SW  .  . 

8 

N 

E.  NE 
S.8E.. 
SW  .  . 

8 

W  .... 
NE  ... 
NW.- 

E 

W.NW 

E 

SW  . 
NW. 
NE  ... 
SW  .  . 
SW  . 
N.NE 
SE.... 

N 

o  . . .  • . 
SW.  . 

E 

SW... 
NE  ... 
NE  ... 

E 

W  .... 
N.NE 

SW  . . 
S.SW. 
N 

7.0 
7.0 
5  0 

2.5 

0 

North  . . 

11 
4 

10 
4 
6 
8 
3 
5 
8 
8 
6 
9 

10 
4 
8 

10 
5 
8 

10 
7 
7 
7 
4 
7 
6 
7 

10 
6 
9 
8 

5 
7 

10 
4 
6 
5 
4 
5 

10 
7 
7 
9 

10 
3 
7 
6 
4 
9 
4 
8 
5 
6 
5 
7 
5 
5 
4 
4 
8 
6 

6.2 

6 

9 

10 

8 

8 

3 

5 

6 

8 

10 

10 

10 

5 

6 

4 

5 

10 

10 

8 

6 

10 

5 

0 

0 

6 

9 

8 

10 

8 

10 

8 

7.1 

7 
7 

10 
5 

10 
4 
6 
6 

10 
3 
8 
9 

10 

10 

10 
7 
0 

10 
5 

10 
6 
5 
6 
8 
4 
7 
7 
5 
6 
6 

6.9 

10 

10 

8 

10 

5 

5 

4 

7 

10 

10 

10 

10 

10 

7 

4 

7 

8 

7 

5 

7 

9 

4 

0 

0 

7 

10 

6 

10 

10 

10 

7 

7.4 

.850 

3.0  2.3 

.769 

1.5  3.3  s.  45  w 

0.5   0.5   Earn  ... 
l.Oi  2.7    8.  9E.. 
Q.  0!   1.  7i  w    ynw 

.927 
.876 

1.0  2.0 
2.0':  6.5 
4.0'  4.5 

.20 

.799 

.794 
.769 

5.0 
3.5 
4.5 
4.5 
4.5 
4.0 
4  ^ 

ao  2.5   5.0   N.45E. 
8.0;  1.5  4.3;  East  ... 
4.  Ol  1. 5  3. 0!  s.  51  W 
3. 0  0.  5!  1.  7!  N.  16  E 
8.0   2.0   5.0    M    A'iw 

.22 

.841 

.698 
.613 

.04 

.698 

10.  5|  1.0 
2.5   .3.5 
1.0,  4.5 
9.0  2.5 

5.  0   8.  12  W 

3.5     Vnrth 

.776 

.840 
.874 

B 5.0 

SE....    2.0 
SW  .  .  1  2.  0 

8 i  3.0 

NE  ...    2  ."i 

4.3 
4.3 

N.  54  E 

8.  37  B. 
S.  45W 
South.. 
Went  .. 
N.  45E. 
N.64W 
N.36E. 
M    aoxxr 

.20 

.895 
.852 
.658 

7.0'   I.Oi  3.3 
5.5   0.51  3.0 
3.0   2.5'  1.0 
5.  0   1. 0'  3.  3 
12.0   .3.0   5.3 

.22 

.28 

.833 
.807 

NE  ... 
NW.. 
NE  ... 

N 

N.   ... 
SW   .. 
NW.  . 
NE  ... 
S.SW. 
SW... 

4.0 
5.0 



.26 

.S64 

5.  5   3.  5   3. 0   ?.  0 
3.5   6.3  2.5i  a  3 

.743 

.867 

4.5   .5-0   4.5   3.7,  V  07  V. 

.925 

1.0 
5.5 
3.0 
2.5 
2  0 

4.5   1.0  2.0   S.'  38  W 
7.5!  4.0  .5.3:  v    4."^^- 

.769 

.445 

2.5   1:0 
3.0|  0.5 
1.5    1.0 

2.2    N.45  E 

0.7|  8.  10  E 
1.  6:  fl    A?i.  w 

.903 

.927 

.765 

N.NW    8.0  10.5   6.  ol  7.7 

N.  12  E. 
8.  45  E 

.407 

SE 3.0   3.5   2.5 

1.0 

1         1 

.784 

.   Di70 

.818 

.733 

I 

0  4 

N   13W 

7.1 

4 

10 

10 

5 

10 

5 

4 

5 

10 

10 

10 

10 

10 

7 

8 

3 

6 

7 

6 

4 

10 

6 

0 

0 

8 

8 

10 

10 

10 

10 

10 

7.3 

1  82 



1 

.912 

.351 
.618 
.613 
.465 
..502 

.3m 

.581 

.687 
.816 
.794 
.8.%' 
.6rt7 
.  5()1 
.481 
.371 
.518 
.  55  J 
.786 
.  V\i) 
.215 
.441 
.100 
.169 

.329 
.627 
.833 
.929 
.833 
.840 
.684 
.859 
.634 
.847 
.853 
.853 
.790 
.794 
.926 
.772 
.872 
.880 
.869 
.8J6 
.  918 
.8% 
.887 
.788 
.716 
.781 
.767 
.794 
.867 
.  9.'3 
.8.36 

.531 
.591 
.786 
.766 
.752 
.716 
.724 
.816 
.793 
.774 
.877 
.797 
.7.56 
.  732 
.716 
.714 
.729 
.730 
.689 
.&19 
.786 
.498 
.513 
.788 
.797 
.768 
.792 
.798 
.809 
.916 
.802 

8 

8W... 
N.NW 

N 

NW. 

N 

NE  ... 

E 

8 

S  W . . . 
N.NE. 
NW    . 
NW  .  . 
SW.. 
SW... 
s  w . . . 
SW... 
SW    .. 
SW    .. 

s.sw. 

s 

N.NW 

NW. 

W-SW 

s 

SW... 

E 

NE  ... 

E 

W  .... 
NW.- 

8 

SW... 

E 

E 

NW. 

E 

NE    .. 
E.  NE 
SW  . 
SW  .  . 
w  . . . . 
NE  - . . 
W.  SW 
SW  . 
W.... 
SW  .  . 
SW  . 
SW  .  . 
SW  . 

s.sw. 

SW  . 

W.NW 

NW. 

8E... 

E 

SW  -  . 

E 

E 

E 

W  .... 
NW.  . 

S 

8W  .  . 

2.5 

10  5 

11.0 

8  0 

Annfh 

.529 

10. 51  7.0  S.OlO.oi  S     I'iSW 

.912 
.903 

N 1  4.5!  3.0!  2.5   2.3 

E t  2.  .5    5.5'  3.5   3.3 

N.  11  E 

N.  75  E  . 
N.  45  W 

N  62  E. 
N.  45  E 
N.  70  E 
S.  29  W 
N.  45  W 
N.  22  W 
N.26W 
S.  83  W 
S.  45  W 
8.  79  W 
S.  45  W 
8.  45  W 
8.  45  W 
S.  45  W 
8.  17  W 
8.  13  W 
N.  28  W 
N.43W^ 
.<«    in  w 

.06 

.921 
.910 
.907 
.903 

NW  . 
N.NE 

NE.  .. 
E.  NE 

6.0 
2.5 
1.0 
10 

10.0   3.5|  6.3 
4.0    1.5   2.7 
.5.0   .3.5   3.0 
7.5   2.51  3.7 

.64 

.930 

SW  .  .1  6.5i  6.5  1.3.01  .5.0 

• 

.681 
.923 
.850 
.918 

SW  .  . 
N.NW 
N.NW 
SW  .  . 

SW  .  . 
NNW. 

SW  .  . 
8W  -^  . 
SW  .  . 
SW  .  . 

S 

N.  NW 

7.0 
1.5 
4.0 
2.5 
1.0 
3.5 

4.  0   3.  0'  4.  7 
1.0   5.5   2.3 
1.5   4.5  2.7 
3.7    1.0   2.0 
3.  0   2.  5j  2.  0 
5.5    1.0   3.0 

.60 
.10 
.06 

.914 

.850 

.853 

1.51  5.5    1.0   2.6 
6.0   1.5   2.0!  3.0 

.765 

.521 

3.0  0.7 
5.5   0.5 

2.  5   2.  0 
1.0   2.0 

.4.34 

.886 

5.5   6.0   3.0'  4.7 
9.0   2.5:   1.5   3.3 

1.000 

N.  NW:i3.() 
NW-  .4.7 

:i.  0   3.  5;  6. 3 

2.  0    1.  5'  2.  7 

.18 

S.SE.. 
E.8E.. 
SW  . 

E 

E.NE. 

E 

W  .... 
NW.  . 

1  4.0   2.5   2.0   2.0 

l.COO 

.674 
.687 
.692 
;  .687 
.70:} 

.918 
.653 

1.5    4.71  2.5   2.7    8.73   E 
1.5    1.0   2.5    1.7    8    45  W 
2.  0   6.  0   2.  0   3.  3    Ea«t  .  . . 
4.  0   3.  5   4.  3   3. 7    N.  67  E 
3.0   2.5    1.7   2.4!  Eft«t  ... 
2.  5   3.  5   4.  5   3.  5'  W..«t 

.836 

.918 

.912 

.K50 

.927 

.918 

1.0,  4.5,  5.0   3.3 

1 

N.45W 

.48 

.650 

.577 

.805 

.739 

1.0 

S.54  W. 

..... 

2.12 
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Redmctioiis  of  the  monthly  meteorological  regiMter  oftk^  sum}  tf 


Date. 


1867 
Nov. 


1 
2 
3 
4 
5 

r> 

7 

e 

9 

10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
39 
30 


Means.. 


Dec. 


1 
2 
3 
4 

5 

6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 


Barometer  reduced  to  temperature 
of  32^  Fuhr,  expreMited  In  United 
StHteH  iuchen  and  decimals. 


S 


29.350 
29.068 
28.991 
29.  :i24 
29.713 
29.  68-.i 
29.337 
29.051 
29.  1.32 
29.  326 
29.  420 
29.  597 
29.  404 
29.081 
29.  561 
29.  344 
,29.  350 
29.479 
29.  6.33 
2iK44l 
2;^.  501 

2i».  .\m 

29.  442 
29.  2^)0 
29.  158 
2i).  433 
29.  577 
29.  374 

2;».  m4 

29.  354 


29.  361 


29.557 
2H.:»4 
29.  477 
2i>.  377 
29.  1.18 

28.  878 

29.  389 
29.  389 
29.  m5 
2!>.  <>48 
29.  280 
2i».  310 
29.  6  i5 
29.415 
29.  384 
29. 268 
29.019 
29.  471 
2i».  f'Oo 
29.  :t8.> 
2J».  645 

28.  9(»5 
2?».  .^•.59 
li!».  3.59 

29.  2:{5 
29.  399 
28  9.'i7 
29.  471 
2!».  6«'8 
29.  !»24 
29.  74.3 


S 

a 

CI 


29.109 
29.137 
28.714 
29.454 
29.  6  J2 
29.  650 
29  217 
29. 006 
29.  189 
29.3:J3 
29.  4:« 
29.  5.52 
29.374 
29.  186 
29.555 
29.513 
29.318 
29.  461 
29.609 
29.  .181 
29.430 
29.  347 
29.  420 
29.  282 
29.  Oti3 
29.  5.>1 
29.408 
29.  .177 
28.786 
29.  495 


29.333 


29.469 
29.  .152 
29.  293 
29.  198 
29.  :J02 

28.  6.56 

29.  375 
29.  .175 
29.  568 
29.541 
29.  306 
29.  355 
29.  596 

29.  379 
29.  253 
29. 093 
29.  62:J 
29.  77.' 
29.513 
29.392 
29.  (M6 
2;>.  645 
2;».  267 

28.  8*»1 

29.  444 

28.  796 
29.486 

29.  740 
29.  964 
29.  498 


29.  0.59 
29.  197 
28.714 
2i).65l 
29.  670 
29.524 
29.  132 
28.921 
29.  297 
29. 375 
29.  493 
29.  52:j 
29.  249 
29.  479 
2i).2l6 
29.  520 
29. :» J 
29.  495 
29.  470 
2<».  450 
29.  :396 
29.  .13<i 
29.  402 
29.  286 
29. 155 
25>.6W4 
29.  :i54 
29.332 
29.  HO 
29.  637 


3 


29.173 
29.  1.34 
28.806 
29.  476 
29.  «>:« 
29.619 
29. 229 
28. 99.1 
29.  206 
29.  .145 
29.  450 
2*).  557 
29.  ,142 
29.  249 
29.444 
2i».  4.59 
29.  3.50 
29.478 
2!4.571 
29.  424 
29.  442 
2^».  :t50 
29.  421 
29.286 
29.  125 
29.  5>»» 
29.446 
29.  3(>1 
28.980 
29.  495 


29. 347  29.  347 


29.440 
29.  556 
29.300 
29.  146 
29.  252 
28.914 
29.552 
2i>.  55  > 
29.  5.-8 
29.  263 
a).  293 
29.  473 
2i».  .'!42 
29.3:11 
29.  321 
2i>.  199 
29.271 
21>.  7.54 
29.  5<)8 
29.  667 
29.  1.5.1 
29.  180 
29.  640 
2J»  386 

28.  9:iO 
29.219 

29.  217 
29.  5J4 
29.  827 
29.  948 
29.281 


29.489 
29.  4.14 
29.  .157 
29. 240 
29.  2;>l 
28.819 
29.  4:J9 
29.  439 
29.  6' 17 
29.  484 
29.  293 
29.  379 
29.581 
29.  :i56 
29.  361 
29.  240 
29.  128 
29.616 
2l».7l5 

29.  397 
29.  044 
29.615 
29.  337 
29.017 
25*.  \\M 

28.  99) 
21».  494 

29.  755 
29.  945 
29.  507 


TEMPERATUIUr— FAHRENHEIT. 


Wet  bulb,  or 

point  of 
evaporation. 


a 


41 
49 
48 
35 
30 
28 
41 
45 
44 
41 
.12 
29 
28 
.16 
27 
33 
:13 
20 
15 
30 
28 
40 
40 
48 
49 

:}6 
35 

;i5 

37 
11 


S 

6, 

CI 


51 
49 
56 
38 
39 
46 
44 
55 
46 
42 
35 
,12 
41) 
45 
34 
32 
37 
29 
34 
48 
44 
46 
52 
.52 
5r) 
.15 
38 
36 
32 
15 


S 
d 


Dry  bulb,  or  tem-  ' 
perature  of  the 
open  air. 


S 


48 
47 
48 
31 
35 
38 
45 
56 
41 
:J8 
32 
30 
35 
31 
36 
27 
31 
23 
.10 
34 
37 
43 
45 
51 
42 

:)5 

36 
38 
19 
14 


44 

51 
51 
:« 
32 
29 
45 
51 
46 
45 
35 
31 
29 
37 
28 
35 
35 
21 
16 
32 
30 
44 
44 
50 
51 
37 
37 
38 
38 
12 


:M.8  41.  136.537. 1 


S 


63 
61 
59 
42 
47 
51 
55 
62 
59 
55 
40 
35 
47 
48 
40 
37 
41 
31 


• 

a 

a 

tf 

a 

V 

o> 

S 

54 

51 
.53 
33 
38 
41 
50 
64 
51 
40 
34 
34 
37 
36 
41 
29 
36 
24 


55 

39 

5J 

39 

51 

46 

57 

48 

57 

56 

53  ;  45 

37  ;  .18 

42  '   39 

40  40 

3:J  i  20 

16  I  16 

46.  7  40. 1 


15 
23 
23 
12 
21 
32 
19 
11 
17 
28 
25 
11 
1 
15 
17 
19 


23 
34 
31 
22 

28 
.18 
20 
21 
26 
28 
23 
9 
10 
20 
20 
25 


Means 


29.411  1  29.371 


29.396  29.393 


23 

26 

24 

25 

6 

20 

24 

28 

21 

25 

.12 

.10 

26 

28 

27 

35 

.19 

45 

29 

33 

42 

48 

30 

33 

19 

25 

9 

20 

17 

28 

2:j 
24 
28 
22 
27 
32 
10 
18 
29 
2(j 
22 
6 
14 
20 
15 
22 
25 
14 
20 
24 
30 
29 
24 
30 
45 

:« 

34 
24 
18 
14 
26 


16 
25 
25 
13 

;J5 

21 
12 
18 
29 
26 
12 

1 

16 
18 
20 
25 
25 

6 
28 

41 
27 
28 
40 
30 
47 
31 


24 
:J5 
.1:1 
24 
20 


25 
26 
29 
23 

29 


48  35 
21   11 


23 
27 

29 
21 
10 

11 

22 
21 
27 
3) 
27 
23 
34 
31 
\U 
30 
37 
46 

51 

36 

21  j  26 


10 

18 


21 
29 


20 
31 
27 
24 
7 
15 
21 
15 
24 
30 
14 
23 
30 
34 
31 
26 
.12 
48 
40 
37 
26 
19 
15 
27 


5.^7 
54.3 
54.3 
37.7 
39.0 
40.3 
50.0 
59.0 
52  0 
46  7 
16.3 
33.3 
37.7 
40.  3 
3a  3 
33.7 
37.3 
25.3 
37.7 
42.0 
39.7 
47.0 
49.7 
54.3 


7 
3 


49. 

37. 

39.3 

39.3 

30.3 

14.7 

41.3 


21.7 
28.7 
29.0 
21K0 
26.7 


23.7 
28.3 
22.0 
17.3 
30.7 
29.0 
3.5.0 
27.7 
32,3 
44.7 
3.5.3 
45.0 
31.0 
22.0 
1.5. 3 
24.7 


a 

8 


s 
S 


65  :  39 


63 
63 
73 
66 
53 
57 
66 
77 
62 


44 

.56 
52 
43 
39 
57 
52 
55 
60 
62 
61 


.15 


57  .13 
43  27 
51  '  28 
.52  35 


49  36 
44   3d 


39.3 

52 

17.7 

38 

18.3 

27 

25.3 

32 

28.3 

.37 

24.7 

34 

09.7 

.32 

09.0 

29 

19.7 

31 

18.0 

33 

49  I  30 
28 
10 

9 
13 
26 
23 

6 
-  1 
14 
14 
14 
S2 
14 

4 

SS 
17 

50  30 
40  24 

40  24 
54  30 

54  30 

55  36 

41  25 
32  1ft 
26  10 
31   11 


VAPOR. 


Clfiatidt.yinU.S! 
inch««uiddMi-| 
maU. 


S 


I  ° 
S.  j  b 

3<   9: 


50 
51 
32 
30 
29 
4) 
47 
45 
41 


34 

27 
28 
20 
16 
30 
27 
39 
42 
46 
42 


46 

36 

41 

19 

25 

1 

'' 

77 

11 

28 

9 

34 

84 

61 

24 

35 

13 

.  2181. 
.321i. 
I.  296-. 

165. 

144. 

142. 
V  205 . 
.  221) , 
.262. 
.205. 
.  142. 
.137. 
.  14-2. 
.19f>. 
.  136. 
.  162. 
.  IC,>. 
.  (>.»>. 
.  074 . 
.  144 . 
.  13  I . 
.  195. 
.  195 . 
.309. 
.321!- 
.199. 
.  178 . 
.  16:J. 
.207'. 
.061. 

.184 


216.«56'.23bI 
190.270.959 
409.269.325 
177.1,11.164, 
134.165.148 
245.190.18ft 
144.234. 194; 
340.34.3  »l 
i40.iaS,lT6! 
097.210.  l«i 
139.I5V.I4&' 
142.121.131* 
156.  178.1* 
260. 116.  IM 
118.  147.134 
116.124.134 
168. 116.1491 
i:r7,.  112.1151 
17j.155.13S 
243.131.1731 
2«»».  194.178 
245.238.2* 
.322.960. 
322.  3f«. 
32 1. 2*.  290! 
I7l!i.l65.1gll 
177 .  17J .  ITS 
I6i».  203. 1731 
168 .  092 .  158( 
074.039. 


197 .  183.  U 


.074.11^ 

.  100.  181 


29 

►  14 

32 

22 

31 

14 

24 

4 

40 

22 

.  10.0 

.151 
.095 

.Oftll 

.101 

.142 

.142 

.099 

.080' 

.  (^ 

.061.090 

;.083 

.  i:J6. 

'.142 

.  142 

.  121 

.  1 12 . 

.061 

.054. 

.045 

.  1)57 . 

.074 

.085. 

.083 

01*6. 

.092! 

112. 

.  Ic0 

095. 

.117. 

112. 

.  (157 

U74. 

.<J83. 

i>-3. 

.  lOll. 

(»>;. 

.OM. 

132. 

.  125). 

130. 

.  13i>. 

178. 

286. 

.  149. 

14'». 

.2vti. 

296 

.  15.5i. 

149. 

.080. 

123. 

.054. 

f.96. 

.aai. 

14;;. 

08^ 
.  IWl.  1» 
.042.(1* 
.107.0^ 
.124'.ia 
.142.1* 
.057.07^ 
.076,078 
.137.119^ 
.129. W 
.0)5. 1» 
.046!.(^ 
.071.008 

.oe6,flW 

.m.m 

.  i»>.  104 
<»74.««i 
113.094! 
121. »« 
137.1111 
106 .  I2f 
144.153 
36»i.i57 
;,•».  146 
157.  <l« 
|(«.13T. 

{»7l."74 
121*1  UP 


21.  o!26.  7i23.  7  22. 2'29.  o;25. 6   25.  6  I  61    -  1   !.  102'.  V25.  MAU' 
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the  northern  and  wnihwestern  lakes  at  Detroit,  Michigan. 


TAPOR. 


Humidity. 
SataratloD=:l,000. 


a 


794 


.829 

.746 
.746 
.610 
.860 
.698 
.712 
.804 
.840 
.887 
.876 
.804 

1.000 
.8-29 
.840 
.850 
.746 
.872 

1.000 
.543 
.860 
.250 
.880 
.883 
.910 
.890 
.624 
.89.1 
.712" 
.791 
.840 

.801 


.756 
.859 
.790 
.719 
.794 
.887 
.684 
.590 
.843 
.684  ' 
.61W 
.7^8 
.887 
.9ti3 
.  oo«J 
.797 
.797 
.855 
.829 
.794 
.782 
.677 
.677 
.856 
.859 
.903 
.807 
..719 
.905 
.604 


.375 
.3.'53 

.819 
.661 
.413 
.653 
.:«! 
.612 
.281 
.2-24 
.557 
.61^ 
.483 
.777 
.476 
.527 
.  H.'W 
.788 
.8:t2 
.561 
.581 
.65:) 
.692 
.692 
.  7.-i8 
.807 
.661 
.645 
.893 
.8-29 


61U 


.868 
.899 
.800 
.738 
.887 
.292 
.855 
.73iJ 
.883 
.887 
.868 
.791 
.797 
.721 
.855 
.761 
.569 
.761 
.598 
.432 
.3«<0 
.70:i 
.782 
.807 
.921 
.70i 
.790 
.  705 
.876 
.  855 
.887 

.755 


a 

0) 


.613 
.722 
.667 
.800 
.719 
.738 
.646 
.575 
.3.37 
.820 
.792 
.617 
.807 
.5.50 
.567 
.775 
.550 
.868 
.893 
.547 
.816 
.767 
.777 
.687 
.762 
.719 
.726 
.8-20 
.SoO 
.659 


706 


.746 
.754 
.887 
.864 
.775 
.698 
.797 
.702 
.788 
.880 
.738 
.769 
.823 
.855 

l.OJJO 
.738 
.465 

l.OOi) 
.  .'598 
.675 
.617 
.788 
.754 
.794 
.777 
..'V57 
.712 
.754 
.845 
.823 
.880 

.769 


S 


.581 
.645 
.759 
.727 
.642 
.759 
.554 
.592 
.487 
.576 
.682 
.701 
.726 
.743 
.642 
.700 
.667 
.a37 
.841 
.634 
.726 
.699 
.715 
.745 
.806 
.810 
.731 
.728 
.883 
.764 


703 


.814 
.799 
.811 
.8^4 
.841 
.563 
.788 
.  745 

.arr 

.885 
.827 
.788 
.873 
.802 
.898 
.783 
.563 
.878 
.732 
.5.50 
.619 
.580 
.805 
.828 
.869 
.717 
.709 
.784 
.811 
.823 
.869 

.775 


WIND. 


Direction. 
From  whence. 


a 


sw... 

S  )nr  . . . 
S  h< .... 
W.... 
SW... 
W.8W 

8 

S 

SW... 
sw  .. 
SW... 
NW  . 
W.8W 
W.... 
NW.. 
NW  . 

w.sw 

N.NE. 
SW... 
SW... 
SW... 

S 

SW... 

o  -  .  .. .  . 

8 

NW... 
NE  ... 
SW.. 
S.SW. 
w .... 


a 


S 

SW... 
SW... 
W  .... 
SW... 

s 

w . . . . 
w .... 
SW... 
NW... 

i:.  NE 

NE  ... 

N 

E.NE 

N 

W  . . . . 
W  .... 
N.  NW 
N.NW 
S  SW. 

E 

SW  . . 
W.NW 

8 

^  •  - . . . 
SW... 
SW... 
NW... 
w .... 
NW... 
it . .   . . 


SW... 
w .... 

8 

W.NW 
SW... 
SW... 

8 

S 

S  W . . . 

w ... 

w  .... 

NW... 

NW.. 

W.NW 

S.SW. 

NW... 

NW... 

N.NW 

SW... 

SW  . . . 

S.SW. 

s 

SW.. 

^  .....  . 

s 

NW... 
SW... 
SW... 

N 

W  .... 


SW... 

E 

SW.. 
W.NW 
SW    . . 
E.  SE 

O  •  •  •  »  •  • 

s 

SW.. 
SW.. 
W  . . . . 

w.sw 

8 

NW... 

8 

NW... 
NW  .. 
N    \W 
SW.. 
SW... 

^9        •  •    •    a    • 

S 

SW... 
8 , 

^*  .....' 
NW... 
SW..  I 
SW  .  1 
N.NW! 
w ... 


Velocity,  in 
milei,  per 
hour. 


S 


10.5 
3.5 
.3.0 


a 

CI 


11. 

t. 
14. 

5. 


3.5 

4.{, 
3.0 
4.5 
8.' 
5.5 
4.5 
3.0 
3.5 
3.5 
1.5 
2.0 
3.0 
2.7 
3.5 
1.5 
7.0 
2.5  5 
2.5;  3 
2.0  2 
1.3.5  2 


8. 
o 

8. 
12. 
10. 

7. 

6. 

4. 

2. 

4. 
II. 

8. 

5. 

5. 

3. 

4. 


E 

■ 


a  of 
oe  « 


IS 


8.7 
1.0 
5.3 
3.7 
4.7 

i.a 

4.8 
013  0 

Oi  7.  0 
01  3.7 
0  4.0 
0,  3.0 
7;  1.7 
oi  5.3 
Oj  7.0 
5!  5.0 
oj  3,7 
5I  4.7 
5i  3.0 
5   4.0 


4. 

7. 
12. 

3. 

o 

... 

2. 

1. 
19. 

5. 

1. 

3. 

2. 

0. 
Oil. 
0  12. 
0:  3. 
5  5. 
5  5. 
0^  4. 
0  1. 
0  0.5  2.3 
0 
5 


a 
o 
s 

£ 
§ 


£ 


1. 
0. 
0!  7. 


14.5  13.0 
3.5  1.3 
0 
0 
5 
5 


1.5   5. 
2.0 
3.0 
11.0 


8.8W. 
SW . . . 
SW... 
W.NW 
W.SW 
W.SW 

W 

w  ... 
SW... 

N 

E.NE. 
NE  ... 
NE... 

Ei      .... 

W.NW 
SE.... 
W  . . . . 
N.NW. 
8.  8E. 
W  .... 

E 

SW.. 
W  . . . . 

?)■••••. 
CI      •  •  •  •  . 

SW... 
SW... 
w .... 
w . . . . 
N 

Ei  ..... 


S.SW. 
8W  .. 
SW  .. 

W.NW 

S.SW. 
w . . . . 
w .... 
w   ... 

SW... 

N 

NE  ... 
NE... 
E  • 

N.  ne! 
w.... 

oE. . . . 
w . . . . 
N.NW 
kj  ..... 
W.... 

E 

W  . . . . 
SW... 
s ..... . 

o ..... . 

SW... 
SW... 

w.... 

w . . . . 

N 

N 


11.5 
5.0 


3. 

10 
9. 


13.0 
9.0 


10.5   9.0 


4.5 
4.7 
12.5 
8.0 
2.5 
45 
6.  5 
3.5 


5.5 
8.0 
9.0 
12.5 
S.  5 
4.0 
3.5 


2.3 

1.7 

7.5 

11.5 

oi  2.  0 
5|  1.7 
Oi  3.0 


I. 
1. 
4. 

10.  7j  6.0 
6.0   8.8 


14. 

5. 

7. 

0. 

4. 
17. 

.\ 
10. 

9. 

2. 


5 

<i 
0 
.3.0!  7.5 


10.511.51  9. 


4.0)  5.5; 
8.  0  7.  5 
1.5  3.5 
.3.5!  4.0 


2.5 
5.0 
4.0 
3.0 
2.5 
7.5 
9.5 
.5.5 
3.0 
8.(1 
7.5 


4.0 
6.5 
6.5 
3.  5 
4.5 


7. 
4. 
2. 
5. 
3. 
4. 
5. 
2. 
3. 


8.710. 
4.5    4. 


4.0 

19.0 

5.0 

4.5 


5.0  4.5 
7.  5  a  «• 

4.01  4.5 
5.5   6.  .5 


1. 
14. 
6. 
3. 
8. 
5. 
2. 
4. 


0  12.7 
0  6.3 
5  9.0 
?!  3.  7| 
,5  5.3 
010.0 
0|  a  5 
7.  21 
5.7! 
3.7 
4.7 
0I0.3 
5  4.7 
6.0 
2.0 
2.3 
.3.3 
5.  0 
2.3 
2.3 
3.3 

aoi 
.5. 3 
3.5 
0 12. 0 

0  6..3i 
5 
5 
7, 
3. 
4. 


2.5 


S.  45  W. 
8.  45  W. 
S.  25  W. 
N.  74  W. 
S.45W. 
S.  35W. 
South  . . 
South  . . 
8.  45  W. 
S.  70  W. 
S.  80  W. 
N.60W. 
8.  81  W. 
N.  54  W. 
S.  15  W. 
N.45W. 
N.55W. 
N.  12  W. 
S.  45  W. 
S.45W. 
8.  30  W. 
South . . 
S.  45  W. 
South  . . 
South  . . 
N.45W. 
S.  45  W. 
8.  45W. 
N.  16  W. 
West... 


3.0    8.  48W. 


8. 16W. 
S.  45  W. 
S.  45  W. 
N.78W. 
S.50W 
8. 58  W. 
West... 

WCHt... 

S.  45  W. 
N.23W. 
N.  66E 
N.  45E. 
N.56E 
N.  68  E- 
N.  62  W. 
8.24  E 
We»t . . . 
N.  40  W. 
S.  71  B 
S.  67  W. 
EaHt  ... 
S.  61  \V. 
N.87W. 
South  . . 
South  . . 
8.  45  W. 
S.  45  W. 
N.  78  W. 
Went  .. 
N.  16VV. 
N.  72  E . 

8.  59  W. 


Anonnt  of 
cloudiueMg. 
(0— clear 
uky.) 
(10— Hkyen- 
tirtly  over- 
cast.; 


a 

OS 


a 
c» 


9 
10 
10 
10 

10 : 
5  ; 
9 

10 , 
10  i 
7 1 

10  ! 
10  1 

8 
10  I 

9 

8  ' 
•10 
10 

8 

8 
10 
10 
10 

8 
10 
10 
10 
10 
10 

4 


8 

6 

9 

8 

7 

6 

8 

10 

7 

6 

9 

10 

7 

9 

10 

9 

10 

4 

5 

7 

10 

10 

10 

9 

10 

10 

10 

10 

10 

8 


10 
10 
10 
10 
10 

8 

8 
10 
10 

8 

8 

8 

9 
10 

9.3 


9) 


a  J. 
—  « 

c  •« 

o 

r-o 

a  a 

,  OS   3/ 

,  >  -a 

f  **      • 

ccn  > 


C  00 

a   .  tL 
a 

2  ^"2 

s  §  S 
< 


8 

10  j 

10  I 

6  i 

5  I 

®  i 
9  I 

10  ■ 

6 

6  I 
10  i 
10  < 

81 
10  I 
10  i 
10  , 
10  ; 

8  I 
10  i 

«  ! 
10  I 

10  i 

10  i 

10 

10  ; 

10 

10 

10 

8 

10 


a  8  ai  a  7 


10 
10 
10 

8 
10 
10 
10 

8 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

8 
10 

7 

6 

6 
10 

9.4 


.J. 
90 


32 


22 
30 
12 


10 
20 


2.16 


10 

10 

10 

8 

10 

10 

7 

10 

10 

10 

8 

JO 

8 

7 

9 

10 

10 

10 

10 

10 

10 

10 

10 

8 

10 

10 

8 

10 

10 

10 

10 

10 

10 

10 

>.... 


10 
10 
10 
10 
10 

7  I 
10  I 
10  i 
10  I 

6 

6 

10 
10  ' 

9.4; 


.02 


.04 


.04 


.62 


.04 
.02 
.02 
.'41 


.04 
1.39 
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Reductions  of  the  monthiff  meteorological  register  of  the  swnty  ej 


TKMPIRATURK— PAHRENHKIT. 

VAPOK. 

Barometer  rednced  to  teraperatare 
of  32°  Pahr.,  expressed  in  United 

States  inches  and  decimals. 

Wet  bulb,  or 

bry  bnlb,  or  tem- 

Elartidty.iBU.8- 

Date. 

point  of 

perature  of  the 

inchea  and  deci- 

• 

evaporation. 

open  air. 

• 

a 
a 

• 

8 

1 

mals. 

• 

a 

s 

• 

B 

• 

• 

B 

B 

• 

a 

• 

a 

• 

E 

• 

a 

8 

• 

a 

a    E    5 

ci 

• 

d 

« 

cj 

m 

d 

d 

• 

• 

a. 

9 

s 

c 

• 

a  .   & 

«. 

r* 

Ol 

a* 

» 

O 

09 

0 

0 

0 

0 

0 

s 

S 

i 
0 

r- 

01     ;    0 

S 

1867. 

0 

0 

Jan.        1 

29.706 

29.706 

29.736 

29.717 

10 

20.5 

14 

11.5 

28 

15 

18.2 

28 

9 

.051. 024. 071 '.0491 

2 

29.685 

29.541 

29.456 

29.561 

4 

29 

12 

5 

32 

13 

16.7 

32 

3 

.041.  i26.oe3.on 

3 

29.509 

29.406 

29.385 

29.433 

9 

33 

26 

10 

37 

27 

24.7 

37 

7    .054.136.129.106 

4 

29.426 

29.358 

29.285 

29.356 

23 

35 

28 

25 

39 

31 

31.7 

4a5 

20    .  100.  152.  Hi*.  134 

5 

29.003 

28.  917 

29.068 

28.996 

27 

31 

31 

29 

36 

33 

32.7 

37 

26 

.  124.  Il6.151.13fii 

6 

29.223 

29.255 

29.325 

29.268 

26 

22 

22 

27 

25 

24 

25.3 

33 

25 

.129.084.095.103; 

7 

29.405 

29.370 

29.328 

29.368 

23 

25 

12 

25 

30.5 

14 

23.2 

31 

14 

.100.072.052.073. 

8 

29. 123 

29.158 

29.231 

29.171 

22 

26 

25 

24 

30 

27 

27.0 

30 

9 

.095.093.112.101 

9 

29.  161 

29.023 

28.908 

29.031 

20 

30 

23 

22 

35 

25 

27.3 

36 

20.5 

.CJ85. 109.  lOO.ifii? 

10 

28.911 

28.940 

29.022 

28.968 

14 

24 

18 

16 

28 

20.5  21.5 

28.5 

13.5 

.059   083.070.071 

11 

29.181 

29.278 

27.443 

29.301 

15 

26 

12 

17 

30  113.5  20.2 

31 

10 

.063. 1,-95. 03^.0721 

12 

29.  729 

29.641 

29.399 

29.586 

-1.5 

22 

20 

-  1 

26 

22 

15.7 

24 

-  2 

.  035.072. 085. t«4 

13 

29.126 

29.103 

29.228 

29.152 

22 

27 

27 

23 

30 

28 

27.0 

aas 

19 

.  107|.  11.3. 1.16.119 

14 

29.370 

29.303 

29.288 

29.320 

21 

25 

19 

23 

29 

21 

24.3 

29 

19 

.  090 .  069 .  08  . .  («!» 

15 

29.476 

29.503 

29.455 

29.478 

8 

30 

16 

9 

35.5-  18  1  17.5 

35.5 

8 

.051.  104.067.074 

16 

29.325 

29.231 

29.229 

29.262 

21 

25 

15 

23 

29 

17. 5i  23.2 

•29.5 

14   |.09<)|. 099.  057.07? 

17 

29.423 

29.489 

29.705 

29.539 

4 

8 

16 

5 

10 

18 

ll.O 

18 

3    .041.040.067.0491 

18 

29.781 

29.696 

29.673 

29.717 

13 

23 

2 

15 

27 

3 

15.0 

27 

3    .056'.  078.036.057 

19 

29.551 

29.365 

29.2aj 

29.3rj 

-  8 

25 

17 

-  8 

29 

18 

13.  U 

29.5 

-12    .  l.T0|.089.(W.lt»I 

20 

29.  307 

28.958 

28.906 

29.057 

13 

19 

18 

14 

21 

19 

18.0 

22 

13    .067.080.087.(17? 

21 

28.987 

29.013 

29.129 

29.043 

21 

23 

18 

22 

25 

19 

22.0 

27 

18 

.101;.  1OO.087.0M6 

22 

29.  32<) 

29.372 

29. 453 

29.384 

17 

23 

2] 

18 

27 

23 

22.7 

27 

15.5 

.  083 .  OTt^ .  090.  (M 

23 

29.582 

29.578 

29.681 

29.614 

18 

25 

19 

20 

29 

22 

23.7 

30 

18 

.076.0H9.0«*.OT>ir 

24 

29.790 

29.718 

29.696 

29.735 

19 

29 

22 

21 

.33 

24 

26.0 

34 

19 

.ceii.iu.oys.i.^ 

25 

29.  298 

28.853 

28.823 

28.991 

23 

28 

32 

25 

31 

33 

29.7 

34.5 

21   '.  lUiJ.  Il9.16ji.l-S 

26 

28.978 

29.036 

29.136 

29.050 

24 

25 

21 

27 

30  23. 5 

26.8 

30 

23.  5.  0iC>.  078. 084.fi* 

27 

29.988 

29.354 

29.509 

29.384 

11 

19 

15 

12.5 

22 

16.5 

17.0 

23 

10  !.  054  .  in  y .  06i*.  164 

28 

29.597 

29.482 

29.492 

29.524 

10.5 

18 

4 

12 

21 

5 

12.7 

31 

5 

.052.065.041.053 

29 

29.623 

29.  597 

29.617 

29.612 

-  0 

17 

3 

0.5:  20 

4 

oa2 

20.5 

-  2 

060 .  03S .  t4« 

30 

29.756 

29.633 

29.475 

29.621 

-15 

24 

16 

-15 

27 

18 

10.0 

27.5 

17 

.021  .095.067.061 

31 

29.354 

29.  186 

29.080 

29.207 

9 

36 

42 

18.9 

10.5 

42 

45 

32.5 

45 
45 

8 
-17 

.048.134.228.137 
.076. 092. 1:89. 0(S5 

Means. . . . 

29.388 

29.325 

29.334 

29.349 

13.  624.  9 

15. 8,28. 8,20. 7 

,  21.8 

Feb.       1 

• 
29.249 

29.249 

29.250 

29.249 

34 

35 

24 

37 

40 

27 

34.7 

48 

27 

.157 

1 

.  139 .  095 

..13a 

2 

28.893 

28.. 583 

28.548 

28.675 

28 

33 

33 

30.5 

34 

.34 

32.8 

34 

23  i.  125.  175.170.15*1 

3 

28.763 

28.  816 

28.  980 

28.853 

27     33 

26 

28 

.37 

28 

31.0 

36 

26 

.136.  i:«.U7.1.'» 

4 

29.020 

28.843 

28-856 

28.  9a6 

19 

31 

30.5 

20.5 

34 

32 

2a8 

34 

20 

.  086 .  139 .  15.1 .  i:* 

5 

29.  198 

29.327 

29.  442     29.  322 

29 

35 

28 

31 

40     30 

3a7 

40 

29 

.1371.  139.  130.135 

6 

29.488 

29.620 

29.643 

29.  .584 

22   33.518.5 

23 

38 

20.5  27.2 

40 

aaS.  1071.  133.078.106 

7 

29  659 

29.574 

29. 5:w 

29.588 

10    45  :o.5 

11 

52 

.35 

.32,7 

55 

9    .067.207.172.145 

8 

29.403 

29.211 

29.  130 

29.248 

13     45 

35 

14.  5:  50     39 

34.5 

50 

12.51.061.234.  15^.149; 

9 

29.118 

29.073 

29.351 

23.  rei 

26   21.5 

11.5  27.5i  24 

13.51  21.7 

37 

13.5. 123.  086. 050. 0t*l 

10 

2i».  747 

29.959 

30.  012 

29.906 

1 

23 

3 

2 

27 

4.     11.7 

27 

-  2    .034.  078.  03*!. 050 

11 

2^915 

29.773 

29.758     29.815 

15.5 

39 

35 

17 

45 

37 

33.0 

46 

2    .071  .  160.  17s».J36 

12 

29.  722 

29.632 

29.  624 

29  659 

34 

43   38.5 

38 

49 

41 

42.7 

49 

35 

.144.  I99.S0I.Ii»l 

13 

29.  422 

29.244 

29.396 

29.354 

40 

47 

46 

42 

49.5 

48     46. 5 

49.  5 

37 

.221  .290. 284.  «5 

14 

29.602 

29.610 

29.696 

29.636 

46 

32 

27.5 

47 

34 

29.5  38.8 

49 

28 

.297.155.127   193 

15     29.668 

29.533 

29.338 

29.513 

29 

29 

29 

30.5 

.32     31 

31.2 

31 

26    .143.  I26.l37.i:t5 

16 

29.  102 

29.123 

29.234 

29.153 

40 

40 

35 

42 

45  39.5   42.2 

45 

:il.  5.221  .182.  14-^.183 

17 

29.510 

29.511 

29.  499     29.  .')07 

31 

42 

33 

31 

49 

35  i  39.3 

52.5 

30 

.  13i»:.  175.  162.149 

18 

29.  .104 

29.215 

29.398 

29. 306 

31 

49 

.38 

34 

57 

40  ,  43.  7 

58 

38 

.  139.242.2«J3.195 

19 

29.  504 

29.530 

29.218 

29.417 

28 

30 

26 

30.5   33     27 

30.2 

39 

27  M25.  132.129.129: 

20 

29.  290 

29.290 

29.377 

29.299 

28     32 

28 

30 

37  131).  5 

32.5 

.38,5 

26    .  130.116.1i>5,  I24j 

21 

29.  143 

29.  252 

29.  455 

29.  28:J 

28     30 

29.5 

30.5 

34     32     .32. 2 

34 

27.5.125.  121.  1.34.127 

22 

29.605 

29.590 

29.  469     29.  555 

27     33 

26 

:«) 

37     28     31. 7 

37 

25.5.113.136    117.1-22 

23 

29.  080 

28.827 

28.837     28.915 

31.5   40 

43 

.as 

47     46 

42.2 

47 

27    .151  .156.23S.li?? 

24 

29. 180 

29.287 

29.  400     29.  289 

.30     32 

27 

33 

.36 

30 

33.0 

45.5 

28    .132.  129.113.125 

25 

29.458 

29.425 

29.  434     29.  439 

'22.5  33 

27 

24.5 

38 

29     30.5 

38 

^2a  5. <»92.  123.124.113 

26 

29.660 

29.702 

29.732     29.705  (24.5   38 

27 

26.5   44 

29     33.2 

48.5 

23    .103.151.  124.  IJS 

27 

29.815 

29.754 

29.  6.'i9     29.  743 

22     42 

30 

24.5 

53   31.5   36.3 

58 

22.5.089. 123. 1:0. 1'JI; 

28 

29.  472 

29.  430 

29.351 

29.418 

25     46 

32 

28 

54  ,  .36 

39.3 

54 

58 

26 
-  2 

.  100|  206.129.14oj 

Means 

29.390 

29.356 

29.380 

29.375 

26.536. 129. 3I28.  6  41. 131.4 

1        1        t 

33.7 

.127.157.142.142 

! 
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VAPOR. 

WIIfD. 

Amount  of 
cloudlnean. 
(0= clear 

sky.) 
(i0=«ky  en- 
tirely over- 
cast) 

A  mount  of  evaporation,  in  ' 
U.  S.  inchei  and  deci- 
mals. 

ll 

Humidity. 
Saturation  =  1,000. 

Direction. 
From  whence. 

Velocity,  In 
milen,  per 
hour. 

.2 

1  » 
►  a 

3.3 

• 

g 
o 

1 

1 
1 

OQQ 

a 

• 

• 

a 

• 
Gi 

• 

i 

• 

a 

* 

S 

d 
©1 

• 

a 

• 

• 

a 

t- 

4 
4 

4 

25 

25 

12 

4 

4 

4 

4 

4 

2 

12 

2 

2 

2 

25 

4 

2 

4 

4 

4 

2 

2 

25 

12 

25 

12 

4 

2 

2 

a 

d 
a 

4 
2 
4 
4 

12 

12 

4 

2 

4 

4 

4 

4 

2 

4 

4 

2 

35 

2 

2 

12 

4 

12 

2 

2 

35 

4 

25 

12 

12 

2 

2 

. 

a 

• 
Oi 

2 
3 
4 

4 

25 

4 

2 

4 

4 

4 

2 

35 

2 

12 

4 

35 

4 

2 

2 

25 

4 

4 

2 

2 

12 

12 

12 

4 

2 

2 

12 

• 

a 

t» 

3 
1 
0 
9 
9 
8 
5 

10 
1 
9 
9 
0 

10 
8 
8 

10 
9 

10 
0 
5 

10 
4 
9 

10 

10 

10 
1 

10 
0 
5 
3 

• 

a 

a 
©1 

4 

3 

0 

7 

10 

10 

1 

2 

1 

10 

5 

7 

10 

6 

5 

10 

6 

0 

0 

10 

10 

10 

8 

10 

10 

9 

10 

7 

2 

3 

10 

6.3 

a 

• 

a 

lis 

.701 

.162 
.694 
.619 
.636 
.550 
.622 
.422 
.569 
.539 
.513 
.569 
.515 
.675 
.556 
.499 
.556 
.582 
.529 
.536 
.712 
.746 
.529 
..556 
.606 
.685 
.465 
.584 
.570 
.556 
.644 
.500 

.823 
.810 
.880 
.685 
.800 
.738 
.635 
.761 
.746 
.635 
.721 
.721 
.883 
.712 
.682 
.597 
.682 
.730 
.840 
.845 
.845 
.73!J 
.584 
.738 
.893 
.669 
.748 
.750 
.740 
.682 
.762 

.562 
.751 
.763 
.689 
.708 
.747 
.601 
.689 
.668 
.612 
.654 
.694 
.807 
.666 
.655 
.628 
.671 
.636 
.799 
.791 
.817 
.700 
.614 
.685 
.775 
.593 
.681 
.675 
.648 
.775 
.651 

w .... 

W.NW 

sw . . 

8 

E 

NW.  . 
SW  .  . 
NE  ... 
W.... 

w.... 
w.... 

NW.  . 
NE  ... 
NE  ... 
NW.  . 
W.... 
W.... 

N 

NW.  . 
NE  ... 
NW.  . 
W.... 

w.... 

NW.  . 
E 

W.NW 
W.SW 
W  . . . . 
W.... 
NE  ... 
E 

w.... 

w .... 
SE.... 

E 

NE  ... 
NW.  . 

S 

E 

W  ... 

w.... 

N 

N 

W.... 
NE  ... 

E 

W.... 
W.... 
N.NE. 
NW.  . 

E 

NW.. 
NW  .  . 

W 

W.NW 

E 

W.NW 

W.SW 

W  .... 

W.... 

E.SE. 

SE.... 

W.... 
SW  . 

E 

E 

N 

W  .... 

E 

W.SW 
W.... 
W.... 
W.... 
NE  ... 
W.... 
NE  ... 

E 

W.... 
W.... 

N 

NW.  . 
NE  ... 
NW.  . 
NW.  . 

N 

S 

w . . . . 
W.NW 
W.... 
W  .... 

N 

SE.... 
S 

o 

10 
2 
3 
3 

10 

10 

0 

10 

10 

10 

0 

10 

10 

10 

10 

8 

9 

0 

0 

10 

10 

10 

9 

10 

10 

10 

10 

0 

0 

10 

10 

7.2 

1 

10 

0 

10 

0 

0 

0 

10 

10 

1 

9 

5 

10 

10 

10 

2 

4 

2 

10 

10 

10 

10 

10 

10 

5 

0 

0 

5 

.750 

2.3   V  flow 

.791 

2.3 
9.0 

S.35  E. 

.746 

.775 

15.7    N.45E. 

9.0   N.51W. 

2. 3   a.  7  W  . 

0.  7'  N.  33  E. 

4.0;  Weat... 

4.0^  West... 

2.7,  N.60W. 
lao;  N.38E. 

3.3    N.27E 

6.0;  N.45E. 

2. 3|  N.  78  E 
13.0   We«t... 
21.3,  West... 

2.7i  N.6E.. 

2.0,  N.45W. 
12.7:  N.  58E. 

4.0   N.45W. 

6.3    N.53W. 

1.7    N.67W. 

1.3   N.80W. 
16.  0   East  . . . 

9.3   N.67W. 
20.  7|  S.71  W. 

9.3   Went... 

5.7   N.83W. 

1.7    S.  «1  R 

.880 
.746 

.09 

.TJ8 

.721 
.659 

.01 

.671 
.845 

.01 

.864 
.730 

.26 

.784 
.730 
.750 
.648 
1.000 

.08 
.01 
.01 
.01 

.816 

.860 
.840 
.702 



.10 
.04 

.712 

.746 
.644 

.711 

.12 
.25 

.706 

i.666 

.692 

4.7 
2.0 

S.  14  E. 

.14 

.765 

.566 

.744 

.690 

N.56W. 

6.3 

1.13 

4 

35 

4 

2 

12 
4 
2 
2 
4 
4 
4 
4 
2 
4 
4 

25 
4 
4 

12 

12 
2 
4 
2 
4 
4 
2 
2 
2 

2 

4 
2 

12 
4 
4 
2 
2 

12 
4 

12 
2 

12 
4 

25 

35 
4 
2 
4 
2 

12 
2 
4 
2 
4 

2 
2 

2 
4 
2 
4 
2 
2 
4 
2 
25 
2 
2 
4 
4 

12 

35 

35 

2 

.712 
.733 

.557 
.895 
.619 
.712 
.557 
.582 
.535 
.640 
.682 
.529 
.5.33 
.572 
.819 
.792 
.694 
.607 
.505 
.521 
.703 
.527 
.617 
.619 
.483 
.610 
.537 
.522 
.306 
.493 

.644 

.895 
.768 
.845 
.782 
.707 
.847 
.636 
.629 
.740 
.807 
.781 
.850 
.778 
.788 
.595 
.797 
.820 
.880 
.733 
.744 
.768 
.767 
.675 
.775 
.775 
.843 
.610 

.6.38 
.841 
.757 
.779 
.700 
.718 
.726 
.671 
.712 
.662 
.697 
.660 
.8a3 
.831 
.774 
.677 
.671 
.684 
.  772 
.681 
.69^ 
.687 
.683 
.663 
.665 
.667 
610 
.586 

SW  .  . 
NE  ... 
NW.  - 

NE  ... 
SW  . . 
W.SW 
E.NE. 

8 

NW.  . 
W.... 

S 

E 

SE.... 
NE  ... 
NE  ... 
W.SW 
W.... 
SE.... 
NE  ... 
E.NE. 

N 

W.NW 
SB.... 
W.... 
NE  ... 
W.... 

E 

SE.... 

SW  .  - 
NE  ... 
NW.  . 
NE  ... 
SW  . . 
W  .... 
SE  ... 
S.  SW. 
NW  .  . 
W.... 

s 

E 

sw  .  . 

NE  ... 
NE  ... 
W.SW 

w.... 

S.  SE  . 
NE  ... 
SE... 
N.NW 

E 

SE... 
W.NW 
NE  ... 
W.-.. 

E 

SE.... 

NW.  . 

W.NW 
NW.  . 

N 

SW  .  . 
NE  ... 

E 

W  .... 
NW.  . 
W.... 

S 

E 

SW  .  . 
NE  ... 
NE  .. 
W.SW 
W.... 
W  .... 
NE  ... 

S 

NW  .  . 

E 

NE  ... 

N 

NE  ... 

8 

E 

S 

2.0 
12.7 
2.7 
5.7 
6.0 
2.0 

S.  62  W. 
N.38E. 
N.45W. 
N.35E. 
8.  45  W. 
a.  w)  W- 

5 

10 

10 

10 

9 

10 

i 

3 

10 

0 

4 

10 

10 

10 

10 

1 

0 

10 

10 

10 

10 

10 

10 

9 

5 

4 

0 

6 

7.0 

5 

10 

8 

10 

8 

1 

4 

5 

10 

0 

3 

9 

10 

JO 

10 

2 

2 

1 

10 

10 

10 

9 

10 

7 

5 

1 

1 

5 

6.3 

.01 

.883 
.  780 
.788 
.864 

.95 
.01 
.34 

.797 

2.3   S.85E. 
1.3    a.35W. 

.730 

.824 
.718 
.752 
.628 

13.  7 
3.3 
6.0 
3.3 
5.3 
6.7 

21.3 

N.  45  W. 
West... 
South.  . 
East  . . . 
S.38W. 
N.45E 
N.  45  E . 

.05 
.13 

.829 
.923 
.839 

.12 
.24 

.829 
.712 

31.7    S.67W. 
3.3    West... 

.40 

.712 

2  1  1.7    S.  19  E. 
25    13.7   N.45E. 
2  1  4.  3   N.  84  E 
4  1  5.7    N.26W. 

.733 

.782 
.733 

.18 

.675 

.  8!;o 

2 
12 
2 
2 
4 
2 
2 

,0.7   N.  13  W. 
'4.0    N.69E. 

2.0   N.51W. 

3.3   N.45E 

2.0    8.45W. 

2. 0   East  . . . 

1.7    a.  34  E 

.20 

.703 
.684. 

■•"*-• 

.01 

.70:1 

.6811 

.655 

.757 

.600 

.760 

.706 

1.2 

N.  8  W 

5.8 

2.64 
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Reductions  of  the  montUy  meteorological  register  of  the  swntij  of 


Date. 


Meani. 


April 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

18 

13 

14 

15 

16 

17 

18 

19 

20 

21 

2-2 

23 

21 

26 
27 
28 
29 
30 


Barometer  reduced  to  temperature 
of  32*'  Fnhr.,  expreraed  in  United 
States  iuchett  and  decimals. 


6 


1867. 

March    1 

29.145 

2 

29.102 

3 

29.4:15 

4 

29.281 

5 

29.7:11 

6 

29.  7(>5 

7 

29.355 

8 

29.  773 

9 

29.  602 

10 

29.  120 

11 

2I».  492 

12 

29.  2«5 

13 

29.  33 ) 

14 

29.717 

15 

»).ei5 

16 

29.668 

17 

29.  221 

18 

29.  .5(i2 

19 

29.  586 

20 

29.  672 

21 

29.  362 

22 

29.  370 

23 

29.  560 

24 

29.4{X) 

25 

29.582 

26 

29.  67H 

27 

29.  163 

28 

29.371 

29 

29.458 

30 

29. 352 

31 

29.276 

s 


29.  458 


28.  952 

29.  342 
29.564 
29.  149 
29.037 
29.  331) 
29.  224 
29.  246 
2<).  &}8 

243 
:J76 

:i:i6 

346 


28.932 
2i».  246 
29.2:11 
2i).  362 
29.  749 
29.  642 
29  547 
29.755 
y9.  547 
28.922 
29.492 
29.  292 
2ii.  368 
29.  699 
29.  759 
29.343 
2<>.  3:18 
29.  450 
29.613 
29.  6:J8 
29.  288 
29.  :J74 
29.516 
29.  260 
29.  019 
29.  540 
29.210 
29.  :i82 
29.  :n>6 
29.265 
29. 102 

29.408 


2i» 
29, 
29, 
29 


29.410 
29.  1.38 

29.  o.-»:i 

:12H 
723 
5:1:1 
1.5.) 


29 

29, 
29, 
21>, 


29.  2(55 
28.  7f;9 
•1J8 
496 
.'i.'Ki 
348 
471 
526 


2i> 
29 
29 
21», 
29. 
29. 


29.218 
2!).  118 


Means . 


29. 310 


28.997 
29. 406 
29.  446 
29.  106 
2i).006 
29.225 
29.  263 
29.415 
29.513 
21».  106 
2i).  :184 
29.  282 
29.  :i52 
29.  3(X1 
29.045 
29.  121 
2t).  472 
29.697 
29.  4(M) 
29.  055 
2i).  192 
29.  134 
29.  496 
29.481 
20.  502 
2i).  165 
29.460 
29.  496 
2*J.  095 
29.  144 


a 

at 


28.836 
29.  425 
29.143 
29.478 
29. 763 
29.  428 
29.697 
29.  627 
29.  467 
29.  109 
29.424 
29.  :J82 
29.571 
29.754 
29.715 
29.  150 
29.487 
29.  479 
29.  699 
29.590 
29.  260 
29.536 
29.  486 
2i».  399 
29.  692 
29.  2(vl 
29.  270 
29.:i97 
29.  :159 
29.283 
28.  i«<9 


29.  425 


29.107 
29.503 
29.  305 
29.  101 
29.194 
29.  178 
29.  .3:10 
29.  5:18 
29.  420 
29.  200 
29.356 
29.  248 
29.392 
29.  25i) 
29.  068 
2i>.  284 
29.  544 
29.6:18 
29.  275 
29.  172 
29.  142 
29.  2r>8 


29.  5:14 

29.  505 

29.  480 

29.  118 

29.  4(J5 

29.331 

29.  101 

29.  144 

s 

9g 


28.971 
29.258 
29. 270 
29.374 
29.748 
29.612 
29.533 
29.718 
29.539 
29.  050 
29.  4rt> 
29.313 
2iK  423 
29. 723 
29.763 
29.  .387 
29.  349 
29.  497 
29.633 
21».  593 
29.  .303 
29.  427 
29.  521 
2'J.  3.53 
29.631 
29.  494 
29.214 
29.383 
29.394 
29.300 
29.  126 


TEMPKRATURE— FAURKKHEIT. 


Wet  bulb,  or 

point  of 
evaporation. 


S 


37 

28 

20.5 

20.  5 
00 

32 


S 


49 
48 
21 
30 
32 
28 
33 
•^2.5  33 

27  139 
:15.  5  40 
3:1     I35. 

28  27 
3;)     26 


27 


a 


8 
U 
24 


19 

34 
29 


23.522 
1 1     :« 


15 
2<» 


32 
34 


53 
22 
22 
27 
21 
29 
25 
27 
30 
43 
5  31 
31 
8 
10 
21 
26 
10 
21 
26 


32     33 
35     37 


i32 
34 

!28 
25 
25     129 


4-} 

I35 
34 

0v  • 


39 
32 
23 
21. 
24 
24 
29 
24. 
29 
37. 
36 
30 
3-2. 
9 
12 
26. 
26. 
13 
18 

32  31. 

:ia  5  3:1. 

33  36. 
3:1.534 


Dry  bnlb  or  tem- 
perature of  the 
open  air. 


a 


a 

tx 


20 
28 
28 
33 


a3 
:19 
45 
45 


29.430  25.633.9 


29.019 
29.417 
29.438 
29.  119 
29.079 
21K  244 
29.272 
29  400 
29.  524 
2i».  183 
2!).  372 
29.  2ai) 
29.  3(>3 
29.  32:1 
29.  084 
29.  153 
29.448 
!^.  GSG 
29.403 
29.  127 
29.  2«M) 
29.  057 
29.486 
29.  494 
29.306 
29.210 
29.  465 
29.  451 
29.  138 
29.  135 


33. 5  44 


:36 
27 
28 
i8 
31 
31 
36 
41 


28.  1 


34 
{34 

j49 

[:i:i. 

26. 
42 
40 
34. 

:i9 

30 

29 

35 

49 

54 

54 

41. 

34 

42. 

50 


44 
i45 
54 
5:i4 
5  42 
|47 

:51 

5  46 
I37 
45 
53 
55 
59 
.56 
52 
49 
48. 
50 
55 


:i8.  5  50 


29. 292     29.  307 


29.303 


42 

M 

37 

42 

4:1. 

32 

.39 

48 

55 


41) 
40 
41 
'50 
553 
5:) 
41 
50 
51 


36.  5  47.  8 


35 
35 
45 
43 

31 

43 

39 

37 

38. 

36 

43 

44 

52 

54 

45 

49 

41 

46 

50 

49 

38 

:i7 

41 
46. 
51 
37 

:i8 

60 
.54 


36 

31 

29 

26. 

•22 

:io 

31 
37 


55 
55 
23. 
33 

:r7 

.32 
38 

5  39 
146 

5;45 
139 
42 

528 
23 
37 
33 
27 
38 
40 
:19 
35 
41 
46 
:i9. 
42 
:10 
:V2 
39 
47 
.53 
52 


5 


a, 


55 

24 

30 

23 

30 

27.5 

28 

:12.5 

47 

33 

34 

10 

12 

24 

28 

12 

23 

29 

.36 

35 

35 

36 

:i8 

:io.5 

29 
29 
33 
:i6 
40 
44 


27. 9  38. 9 


35.5 

37 

37 

56 

37 
5:29. 5 

49 

44 

37 
5|43 

|32. 5 

32 

38 

54 


48 
51 
53 
.'i9 
37 
52 
57 
57 
52 
43 
52 
65 
68 
7.'). 


30. 


.5 


5 


57. 5  62 


56 
47 

139 
{46 
56 
43 
44 

:i5. 5 

39 
5  44 
49 
34 
47 
51 
57.5 


57 
64 
.-)6 
59 
68 
64 
45 
44 
47 
.57 
63 
57 
50 
a3 
67 


38 
40 
50 
45.5 
33.5 
44.5 
47 
42 

41  I 
40. 
40 
49 
48 
5  57 
57. 
48 
61 
4.1 
50 
5:1 
52. 
41 
39 
43 
49 
57 
69 
42 
64 
55 


43. 2  4:1.  6,56.  4 


49.7 
37.0 
2:1.3 
28.2 
28.0 
28.7 
31.5 
30.5 
35.8 
49.8 
36.0 
35.3 
2a  5 
14.7 
24.3 

Oil  o 

21.8 
24.7 
29.0 
35.5 
34.5 
37.1 
38.7 
37.8 
.34.5 
29.3 
29.2 
31.3 
37.7 
41.3 
44.3 


40.5 
42.7 
46.7 
53.5 
,15.8 
42.0 
51.0 
47.7 
4.3.  :i 
4-2.2 
41.5 
48.7 
51.3 
62.2 
59.0 
5:1.7 
57.3 
46.8 
51.7 
59.0 
53.2 
43.3 
39.5 
43.0 
5).  0 
56.3 
43.3 
45.7 
59.3 
59.8 


a 


a 

s 

i 


TAPOR. 


Elasticity.inr.S. 
inches  and  deci- 
mals. 


s 
t- 


5.5. 5  X2 
!55  |24  I 
24  !l8  I 
33  19.5 
37  21.5 
32.522 
40  26 
39  19 
46.527 

J47    jao 

47      30 


c. 


194 .  269l 
\m.  243L 
081. 084. 
0**8.  132. 
095.  116. 
095!.  108!. 
I24L  1231. 


S 


4''> 

\  " 

23 

.38 
33 
27 
40 
41 
39 


26.5 

8 

5 

7 
22 
12 

9 
10 
24.5 


0971 
124 

149 
130 
138 
051 
061 
103 
092 
049 
052 
134 


.110 

.147 

.182 

.162 

.155 

.  Il7i 

.1^ 

.  157 

.114 

.061 

.123 

.077 

.1311 


35  31 

41  j33 

46  i.32 

40  31 


162-  1621 
184.168 
155.215 
170.  145 


42 
I:i0 

\^ 

41 

47 

58 


29.  5 
2^5 
24 
16 
124 
28 


59     32 


119, 
089| 

118, 

085. 

139 

119\ 

136 


092 
113 
126 

no 

134 
194 
207 


376.2*1 
095.14?! 

101  ;.W. 
113!.li4 
09<ii.lOOl 
149;.  11:: 

iafi.ii?t 

I3H.1M| 

ia?.i.T5 

225L 1* 
15li.lSl 

i:£».Hi' 

040!.  «*^' 
046 .  (u? 
t»79.<-* 
117.111 
O4n-0f*! 

l(llH.tJ7?! 

1*1  131 1 

iik;.  iTij 
\:^.  i76i 

l^'.K^ 

n7i.n<k 
iiiiUiA 

r.W',  1-25 
151.  Hi 
116.127 

16iiJ.  158 
218:.  1;^ 


32,4    59 


117.  14(»i.  135  '31 


49  34 

54  34 

55  32 
62  45. 
45  33 
54  26 


.162.236.16^.1?^ 
.  157 .  196 
.  157 .  liM 


.  234|.  13i 


62 
57 
53 
43 


41 
39 
32. 
39 


52.5.30 

68  38 

69  35 
7.x  5  i6 
62     55 


5 .  255 .  351 

j.  146 .  157 
!.  107i.  i:w 
L  175 .  191 
|.  1951,  295 
5.  I67L23i^ 
.1861.155 
.1381.20: 
.126.244 


57 
66 
57 


j48 
42 
36 


62  5  42 
|68  48 
66  40. 
5-2. 5  36 
44  .34 
46  36 
:19     34 


261 
'280 
;Hi9 
322 
150 
242 


.  165 

.'282 

.371 

.391 

.190 
131 
•226 .  242 

.282K26I 
5.174.176 
241  .  182 
176.195 
194 .  179 


67 
57 
57 
67 
68 


42 
33 
35 
42 
54 


.241 
.211 
.155 
.134 


2«i8. 

.  27<». 

268. 

139. 


1.296.  189. 

.40Ji.a45. 

I I- 


24.'i.2M 

145!.  Hi 

.  \:cy.  1:11 

.  2ii . y^ 

i^.'2» 
.  Ifr.  1» 
.  2«/7L  \& 
.  16  1. 11=^ 

.2:J6  e.M 
.3H.rsJ 

.9w»'.3i4i 

.  m..  177 
lyp.iS'JI 
i;.v  -.Mi 

:«i.-J!* 
3U:?.2i:t 
l?i».'Ji4 

VM .  K^ 
231. -J*! 
2?4.-.*4 
295. -iV* 
194.  *« 
177.  la 
465.  ni7, 
4»H.3yi| 


47.1   49.0   75.526    L  208 .  238 .  23t  -  2^ 
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VAPOR. 

WIND. 

Amount  of 

cloudiuess. 

(0=clear 

15 

Hamidity. 
Sataratlon  =»  1,000. 

Direction. 
From  whence. 

Velocity,  In 
milen,  per 
hour. 

-  2 

"5  a 

■ 

a 
0 

s 

m 

PS 

iiky.) 
(10= sky  en- 
tirely over- 
cant.) 

c    •  s 

< 

0  CG 
-    -is 

• 

d 

• 

S 
d 

.620 
.561  1 

• 

S 

• 

• 

a 

• 

a 

• 

p, 

CI 

• 

a 

• 

• 

a 

* 

OS 

• 

a 

d 

Ol 

• 

a 

■ 
a» 

4 

4 

2 

4 

2 

4 

2 

12 

12 

35 

4 

2 

12 

4 

a 

10 
9 
10 
9 
7 
10 
5 

8 

6 

10 

10 

10 

10 

5 

I 

9 

9 

7 

0 

2 

10 

10 

10 

10 

9 

9 

10 

1 

1 

0 

0 

• 

a 

d 
w 

9 
5 

10 
4 
1 

10 
4 
4 
2 

10 
9 
9 
3 
3 
1 
9 
5 
2 
1 
3 

10 

10 
5 

10 
3 

10 

10 
1 
5 
0 

10 

a 

• 
a* 

10 

3 

10 

8 

5 

10 

3 

4 

9 

10 

10 

10 

1 

0 

1 

10 
0 
0 

< 

.816 

5m 

.869 
rifl 

.768 
.664 
.711 
.745 
.665 
.741 
.673 
.696 
.665 
.705 
.  7^J 
.690 
.699 
.620 
.709 
.(>92 
.555 
.630 
.501 
.634 

SB.... 
W.SW 
NE    .. 

w  .... 

W.... 
NE  ... 

N 

NE  ... 

E 

E.SE 
W  .... 
NE  ... 
S.SW. 
W  .... 
S.SW. 
NE  ... 
W  . . . . 
sw  .  . 
NW. 
K 

asw. 
w .... 

NE  ... 
W.NW 
W  .... 
NE  ... 
W.  ... 
NE  ... 

E 

S 

NE  ... 
S.  SE  . 
SW... 
w .... 
SW. 
NE  ... 
W  .... 
SW  .  . 

E 

E.  NE 
NE  ... 

N 

NE  ... 
SE.... 
NW  .  . 
NE  ... 
N  W  .  . 
NW.  . 
W  .... 
W  .... 
SE.... 

8W.  . 

N 

NE  - . . 
W.NW 
W  .... 
NE  ... 

N 

NE... 

E 

W  .... 
NE  ... 
N.NE  . 
W  .... 
W.... 

S 

NE  ... 
W  .... 
SW  .  . 

E 

E 

NE  ... 

N 

E 

W.NW 
NE  ... 
NE  . . . 
NW.  . 
NW.  . 
W  .... 
W.NW 
W.... 

2 

35 

35 

2 

4 

4 

4 

2 

2 

4 

4 

25 

2 

12 

2 

:i5 

35 
4 

2 

12 

25 

2 
o 

o 

12 
12 
4 
4 
2 
4 
2 

4 
2 

25 
4 
2 

35 
2 
4 
2 
4 
4 
4 

45 
4 
4 

25 

35 
4 
2 

25 

25 
2 
4 
2 
4 

35 
2 
2 

25 

12 
2 

2.7 

10.7 

20.3 

3.3 

2.7 

14.3 
2.7 
6.0 
5.3 

0 

8. 19  W. 
S.  73  W. 
N.45  E 
N.7a  W. 
We«t... 
N.  45  E 
N.IO  W. 
N.45E 
Eiuit  .  - . 

.02 

.  tj<»3 

.  669       MMI 

.857 
738 

.703 
.527 
.594 
.5.37 

.46:j 

.471 
.607 
.682 
.  on 
.768 
.4<i7 
.712 
.606 
.415 
.537 
.312 
.547 
.797 
.653 
.691 
.595 
.343 
.675 
.694 
.463 
.413 
.483 
.515 

.675 

.890 
.707 
.88.3 
.748 
.6[)H 
.800 
.712 
.5^2 
.610 
.610 
.768 
.610 
.730 
.665 
.610 
.817 
.797 
.7.')3 
.811 
.628 
.887 
.782 
.800 
.550 
.645 
.756 

.06 

7:i8 

.775 
742 

...... 

.12 

775 

.809 

10.  7    S.  80  W. 



,705 
.782 
.748 
.784 

2.0 

9.0 

18.7 

6  7 

N.  15E 
N.  52  E 

S.  53  W. 
WeKt... 
S.  28  W. 
N.45E. 
Weht  .. 
S.  45  W. 
N.74  E 
N.81  E. 
N.45E. 
North . 4 
N.59E 
N.67  W. 
N.38W. 
N.45E 
N.45  W. 
N.  45  W. 
N.e8  W. 
N.87  W. 
S.  84  W. 

.14 
.20 
.01 

8U4 

2  !  2.3 
4   21.3 

25  ,31.7 
2     3.3 
4      1.7 

25   2«).3 

25   25.0 
4     2.7 
2     2. 3 

25     7.0 
2     5.3 

25   24.0 
4    :i.3 
2  '  2.6 

25    17.0 
2     5. 7 

12     4.3 

.703 



.639 
.623 



.16 

.525 

1 

10 
10 

...... 

.744 

...... 

.841 

.828  i  NE  .  . . 

.768      N 

.745  ,  E.NE  . 

.736     E 

.552  1  NW.  . 
.706      NF.  ... 



.853 
.792 

10 
10 
10 
0 
10 

...... 

.22 

.802 
.685 
.556 

.11 
.12 

.616 
.  721 
.782 

.765 
.661 
.582 
.604 
.  637 

NW  .  . 
NW.  . 
NW  .  . 
W  .... 
W 

10 

3 

0 

0 
10 

6.1 

.12 
.02 

.685 

.619 



2.8 

3.8    5.  P 

733 

.571  1    7r» 

.679 

N.8  W 

•  ••••• 

1.20 

35 

4 

2 

12 

12 

4 

25 

4 

4 

4 

4 

2 

2 

2 

2 

4 

12 

2 

2 

4 

4 

4 

4 

4 

2 

12 

25 

12 

2 

4 

:i5 

24 

4 

25 

25 

35 

2 

2 

4 

4 

2 

4 

12 

25 

4 

35 
4 
4 
4 

45 
4 
2 
2 
12 
4 

35 
4 

12 
12 
12 

9 

0 

9 

8 

10 

0 

6 

7 

0 

10 

5 

0 

0 

5 

10 

10 

0 

2 

10 

3 

5 

10 

10 

10 

1 

2 
3 

0 
10 

1 

5 
0 

10 

10 

10 
3 
4 
5 
4 

10 
0 
0 
4 
5 

10 
9 
0 
5 
6 
3 
5 

10 
9 

10 
5 
3 
4 
0 
2 
5 

.797 
.712 

.704 
.5-25 
.48:1 
.703 
.712 
.350 
.411 
.634 
.598 
.577 
.535 
.395 
.381 
.318 
.665 
.692 
.251 
.540 
.484 
.381 

.719 
.557 
.646 
.8<i3 
.756 
.527 
.6:11 
.744 
.653 
.822 
.645 
.572 
.704 
.692 
.814 
.777 
.353 
.650 
.716 
.79fl 

.740  1  W.... 
.598  '  VV  . . . . 
.614      SE.... 
.692  i  SW  .  . 

\y .... 
w .... 

SE.... 
SW  .  . 
W.NW 
SW  .  . 
SW  . 
C)    .... 
NE  ... 

E 

NE  ... 
SE  ... 
E.NE. 

8 

8 

N 

N  . . . . 
NE  . . . 

E 

SW  .  . 
NW.. 

N 

E 

SE.... 
W.... 
s 

W.... 
W.... 

SE.... 
SW  .  . 
NW.  . 
SW  .  . 
SE.... 

S 

E 

W.... 

N 

W  .... 
E.NE. 

8 

8 

N 

N 

NE.... 

E 

W.... 
SE.... 
NE.... 

E 

SE.... 
W.... 

8 

SW.  . 
NE  ... 
SW  .  . 
N 

4 

2 

24.7 
10.0 

West... 
West. . . 
8.45  E 
S.  45  W. 
N.60  W. 
S.45W. 
8.  40  W. 
South  . . 
N.65E. 
S.45  E. 
N.  lOE. 
8.9  E.. 
N.60E. 
South . . 
South.. 
North  . . 
North  . . 
N.28E 

9 
1 
10 
10 
5 
0 
2 
0 
4 

.26 

.712 

4     3.3 

12    16.3 

35   2:1.  0 

12  117.0 

2  t  9.0 

2     2.7 

4    :j.7 

.569 

.665 
.670 
.505 

.711 
.516 
.516 
.685 
.670 
.689 
.643 
.554 
.601 
.561 
.754 
.781) 
•  u9t5 
.579 
.643 

W  .... 

SW  .  . 

sw  . . 

s 

E.NE  . 
SE. . . . 

N 

8 

NW.  . 

S 

8 

N 

N 

NW  .  . 
E 

.19 
.02 

.677 

.759 

.669 

4 
2 
2 
2 
2 

1.3 
2.7 
1.7 
4.3 

9.7 

5 
0 
0 
4 
9 

.748 
.694 
.719 





.34 

.674 



.784 
.872 
.589 

4  1  3.3 
2    13.7 
4  i  6.7 
4     3.0 

9 
0 
0 
5 
5 
0 



.07 
.50 

.547 

.729 

2     2. 7    East  . . . 
4    17.3   S.48W, 
2     2.  0,  N.45  W. 

.627 

.602  ,  8W  .  . 
.562  1  NW.  . 

.627 

.295     -  763 

1(» 

.836 
.849 
.816 
.836 
607 

.607 
.677 
.554 
.577 

1  .470 
.577 
.386 

1  .329 
.371 

1  .7:18 
.816 
.833 
.816 
.634 
.816 
.661 
.780 
.934 

.727 

.781 
.7:14 
.743 
.570 

NE  ... 
NE  ... 
NE  ... 
W  .... 
s 

12      6.0 

2     2. 3 

12     8. 0 

2     2.7 

25   24.0 

25    13.1 

35    13.0 

4     5.7 

25     9.0 

N.41E 
N.69E. 
8.53  E 
Wert   . . 
South  . . 
-We«t... 
N.  71  E 
8.5  W 
N.33W. 

10 

10 

10 

2 

10 

4 

5 

10 

10 

•••••• 

.78 
.20 
.03 
.06 

.792 
.413 
.790 
.844 

.728 
.487 
.  6.33 
.716 

NW.  . 

S  .... 

SE.... 

SW. 

w.... 

E 

S 

w.... 

.14 

.704 

i  .506       7«9 

.641 

2.9 

!  S.64W. 

1 

5.6    .'i-.'i 

5.3 

!    2.5fl 

1 
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Reduttiens  of  the  monthljf  meteorological  register  of  the  sitrfcf  0/ 


Date. 


1867. 
May  I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

Meani.... 


Jane 


1 
2 
3 
4 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 


Means 


Barometer  reduced  to  temperature 
of  32^  Fuhr.,  exprewjed  In  United 
btateii  inches  and  decimals. 


TfiHPERATURE— FAHRENHKIT. 


s 

I* 


29.184 
29.426 
29.686 
29.313 
29.213 
29.267 
29.326 
29.268 
29.132 
29.200 
29.348 
29.485 
29.096 
28.992 
28.954 
29.186 
29. 298 
29.  621 
29.417 
29.263 
28.936 
28.818 
2<».089 
29.258 
29.061 
29.197 
29.447 
29.250 
29.202 
29.  397 
29. 542 


6 

(X 

01 


29.260 


29.407 

28.975 

28.963 

29.  2;{2 

2J>.  371 

29.248 

29.276 

29.411 

29.481 

25.445 

29.391 

29.368 

29.443 

29.411 

29.291 

29.325 

29.335 

29.406 

29.604 

29.534 

29.444 

29.468 

29.360 

29.243 

2i).  130 

29.281 

29.  260 

29.500 

29.543 

29.240 


29.346 


29. 197 
29.555 
29.655 
29.224 
29. 237 
29.226 
29. 265 
29.146 
29.086 
29.210 
29.356 
29.455 
2a  971 
29.049 
29.014 
29.185 
29.403 
29.592 
29.272 
29.247 
28.  801 

28.  916 
29.174 

29.  202 
29.031 
29. 252 
29.40(1 
29.307 
29.294 
29.396 
29.532 


29.246 


29.264 

28.910 

29.042 

29.228 

29.365 

29.  217 

29.295 

29.428 

29. 473 

29.400 

29.338 

29.344 

29.4.38 

29.352 

29.197 

29.394 

29.282 

29.585 

29.558 

29.523 

29.503 

29.417 

29.347 

29.160 

29.192 

29.384 

29.214 

29.510 

29.426 

26. 114 


29.331 


S 


29,275 
29.  610 
29.556 
29.172 
29.298 
29.264 
29.  298 
29.129 
29.103 
29.245 
29.389 
29.395 
28.985 
29.044 
29.167 
29.230 
29.550 
29.546 
29.240 
29.197 
28.730 
28.958 
29.  193 
29.177 
29.098 
29.312 
29.407 
29.  182 
29.314 
29.434 
29.  494 


3 


29.219 
29.564 
29.632 
29.236 
29.249 
29.252 
29.296 
29.  18i 
29.107 
29.218 
29.364 
29.445 
29.017 
29.028 
29.045 
29.200 
29.417 
29.  586 
29.310 
29.236 
28.822 
28.894 
29.152 
29.212 
29.  063 
I  29.254 
I  29.418 
!  29.213 
!  29.270 
29.409 
29.523 


Wet  bulb,  or 

point  of 
evaporation. 


41 

31 

31 

49 

43.5 

55 

37 

40 

39 

45 

41 

51 

50 


S 

■ 


48 

35.5 

41 

57.5 

41 

53 

42.5 

50 

53 

52 

59 

52 

58 


S 


44. 5)43 


Dry  bnlb,  or  tem- 
perature of  the 
open  air. 


6 
d 


34 
33 


37 
40 
55     52 

41  {46 
53  '58 
40  39 
45 


44.  5  43 

44     151 

42    <55 

44 

42 

52     45 

47. 5  53 


47. 
53 


48 
43 
43 
45 
47 
45 
49 
48 


50 

44 

47 

56 

51 

57 

47. 

53 


29.258 


29.112 

28.910 

29.151 

29.283 

29.303 

29.223 

29.323 

29.  487 

29.463 

29.411 

29.315 

29. 398 

29.433 

29.  332 

29.238 

29.403 

29.315 

29.561 

29.523 

29.491 

29.468 

29.418 

29.295 

29.155 

29.230 

29.236 

29.338 

29.632 

29.340 

29.197 


29.255 


29.333 


29.261 

28.932 

29.052 

29.248 

29.346 

29.229 

29.298 

29.40i> 

29.  472 

29.419 

2i).  448 

29.370 

29.438 

29.365 

29.242 

29.374 

29.311 

29.  517 

29.562 

29.  516 

29.472 

29.434 

29.334 

29.193 

29.184 

29.300 

29.271 

29.547 

29.  436 

29.184 


58. 557 


51 
45 


44.9 


54 
65 
|56 
56 
159 
68 
69 


60 
61 


50.8 


60 

69 

56. 

65 

71 

70 

76 


51 

51 

52 

44 

54 

46 

44 

46.5 

47 

55 

44 

47 

51 

41 

47 

51 

49 

57 

49.5 

51 

51 

56.5|56 

54     49 


43 

43 

47 

45 

55 

53 

47 

45 

45 

46 

44 

59 

49.5 

49 

45 

45 

48 

52 

49 

53 

49 

63 


48.2 


63.5  67 
60  ,67 
60  ,64 
62. 5  70 
60     74 


72 
65 


66 
64 

69  1 73 

67  ,78 

66  181 

52  62 

60  67 


55 
62 
56 
64 
64 
67 
69 
66 
65 
62 
68 
64 


47.9 


57 

67. 

59 

58 

63 

72 

72 

65 

66 

&1 

68. 

69 


6:i 
47 
49 
64 
49 
65 
49 
56 
63 
63 
67 
63 
64 
49 
59 
61 
57 
67 
51 
58 
55 
47 
53 
69 
59 
69 
59 
63 
67 
72 
71 


S 


59.6 


68  m 
70     69 

69  172 


29.337 


57 
63 
67 
70 
69 
08 
|62 
65 
61 
59 
71 


6ao 


78 
69 
74 
75 
71 
70 
75 
70 
68 
63 
79 


70.0 


70.5 

70 

60.5 

61 

66 

66.5 

70 

71 

71 

71 

71 

66 

62 

69 

75 


66.3 


70 
70 
69 
65 
61 
67 
71 
75 
72 
72 
66 
69 
66 
64 
72 


67 
582 

66 

79 

80 

84 

85 

178 

78 

174 
579 

185 

83 

T3 

84 

90 

91 

72 

79 

81 

82 

88 

89 

84 

80 

87 

81 

79.5 

89 

92 


48 

38 

:)3 

58 

43 

56 

42 

48 

54 

53 

56 

48 

58 

49. 

49 

49 

48 

56 

46 

49 

53 

44 

51 

55 

50 

60 

52 

54 

55 

59 

56 


i 


51.1 


51.3 
39.7 
41.7 
58.0 
46.0 
59.7 
43.3 
49.0 
53.3 
54.3 
56.0 
55.3 
58.3 
48.5 
51.0 
51.7 
50.3 
56.3 
52.0 
52.2 
52.3 
45.3 
49.7 
57.3 
53.7 
59.3 
54.7 
55.3 
61.7 
62.3 
58.7 


S 

9 

B 

ce 


S 


^  43 

51  33 

49  30 

68  |43 

,56  43 

65  44 

49  37 

56  36 
166  34 
'63. 5  45 
|67  ,38 
67  ^39 
70  |41 

58  46 

59  43 
161  38. 

59  44 
67  36 

60  44 
59  45 

57  47. 


TAPOR. 


Elasticity,  in  U.S. 
inched  and  deci- 
mals. 


E 


s 

d 
ct 


3i 


55 
55 
69 
61 
69 
60 


41 
40 
40 

4a 
44 

40 


67     48 
67     51 


i73 


52.9  173 


67.3 


81.4 


58 

68  ! 
59     I 

69  I 
67 

72  i 

73  1 
69  I 
68 

66  i 
73 
67 
71 
74 
74 
76 
71 
64 
65 
70 
70 
74 
76 
76 
76 
76.5 
71 
66 
78 
63 


7a  6 


60.7 
72.5 
61.3 

68.7 
70.0 

7a  3 

76.7 
70.7 
70.7 
68.0 
TX-2 
73.7 
74.0 
72.0 
76.7 
78.7 
77.3 
6a3 
69.7 
70.7 
73.0 
77.7 
80.0 
77.3 
76.0 
76.5 
73.7 
70.5 
77.0 
62.3 


68 
82 
67 
79 
80 
88 
87 
81 
81 
75 
83 
87 
84 
79 


50 
41 


831 
.139 
151 
306 
.250 
393 
194 
906 
.18« 
273 
.205 
.321 
.231 
.261 
.275 
.228 
.262 
.241 
.296 
.303 
.322 
.251 
.251 
.960 
.257 
.247 
.295 
.322 
.431 
.306 
.960 


30 


41 
58 
57 
53 
56 
66 
61 
63 
56 
55 
63 
67 
61 
63 


137.247uaoa 

056 .  2iT7i.  135' 

,  l.'a.2.J8.ni 

^r:.  393.363 

153.231.213 

244.3»j3.333 

,187.221.201 

282.260. 256 

.270.335.264 

243. 34?.  2* 

,393.3351.311 

.243. 229. 2« 

.403.365.333 

.199.265.242 

.2R».223.2J^ 

.354.284.3I« 

.2fV4.3ia.25y 

.21T.393-2SI! 

.iSt".  362. 25^1 

.336.297.312! 

.295.34P.32S 

,249.218.2351 

,257.270.2^51 

,276,321  Sfil 

,269.335.2?ri 

306.246;.26R 

,309. 321.  X^: 

271).  335. 3«* 

333. 321!- 30 

358.424.3iQ 

403.391.351! 


263.267L30U.J77; 


84     167 

90     67 


92.5 


63 


Tai 


174 

fii 

80 

51 

83     56 

81     56 

90     57 

90 

67 

87 

67 

82 

70 

90 

59 

87 

67 

160 

62 

91 

59 

93 

67 

93 

41 

.  378 .  425 
DcJ4  .  dkf4 
409.331 
422 .  431 
447 .  637 
631.545 
668.775 
566.514 
438.514 
465.462 
4t<5 .  612 
398.691 
612 .  63i; 
529.510 
668.663 
622.796 
566.921 
163 .  422 


451 
412 
522 


.501 
.  918 
.534 


606i.65O 
666).  678 


668 
631 


.563 
mott 


5Q2i.705* 
564. 565! 
47uL  530J. 
433.228 
745. 814 


.47ft.  531 

!,419i3r0 
.5291. 4^1! 
;.  536. 547 
!.5S5:.5W 
:.6a5!e» 

!  599:.  sea, 
■.5n,5iMs 

.  502-  476i 
.631.576 
.  556-  5•^j 
.644  631 
.679.5r3 
.64U657 
.671L«» 
.730  742 

.4«!.47^t 

.5861.6391 

6031553 

6791  W6i 
69l|.67«; 
e9ll647i 
6911- MO 
684J.629 

5k  501 

5881415 
7».773| 


585'.  591. 595 


.sx\ 


i 
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he  northern  and  northwestern  lakes  at  Monroe  City,  Michigan^ 


VAPOR. 

WIND. 

Amonnt  of 

cloudiness. 

(0  —  clear 

Anionntof  evaporation,  in 
U.  8.  inches  and  deci- 
mals. 

melted 
inches 

Hnmidlty. 
Sataration  =  1,000. 

Direction. 
From  whence. 

Velocity,  In 
mileit,  per 
hoar. 

6*^ 

II 

«•  a 

w 

1 

PS 

sky.) 
(10  =  Hky  en- 
tirely over- 
cast.) 

• 

OQO 

• 

B 

S 

• 

a. 

• 

a 

• 

a 
a* 

• 

s 

• 

a 

id 

• 

a 

6, 

• 

a 

• 

• 

a 
t* 

25 

4 

12 

4 

2 

2 

2 

12 

2 

4 

2 

2 

12 

12 

4 

2 

12 

2 

12 

2 

35 

12 

25 

2 

4 

2 

4 

25 

12 

2 

2 

• 

a 

• 
Q. 

O) 

12 
4 

25 

12 

25 
4 
2 
2 
2 
2 

12 

12 
4 
2 
4 

•2 
2 
4 

12 
4 

25 
4 
4 

12 
4 
4 
4 
2 

25 
2 
2 

• 

a 

• 

a 

25 
4 

35 
2 

12 
4 
3 
2 

12 
4 

12 

25 
2 
4 
2 
2 
2 
2 

• 

a 

i 

1 

4 

9 

7 

8 

3 

2 

1 

1 

0 

7 
10 
10 

0 

6 

0 

5 

8 
10 
10 

5 

1 

5 

2 

7 
10 

6 

3 

0 

4.7 

4 
9 
7 
6 
0 
0 
5 
8 
1 
0 
5 
9 
4 
1 
2 
0 
1 
I 
0 
5 
7 
2 
3 
0 
5 
0 
4 
3 
3 
5 

3.3 

• 

8 

■ 

a 

? 

4 
10 

5 

5 

6 

0 

3 

2 

2 

7 

5 
10 

7 

7 

7 

4 
10 

6 
10 
10 

2 

6 
10 

1 

7 

5 

4 

I 

0 

5.1 

7 
3 
4 

1 
1 

10 
3 
2 
0 
3 
7 
3 
4 
5 
5 
0 
5 
4 
3 
7 
3 
1 
5 
2 
0 
1 
5 
5 
1 
2 

3.4 

• 

a 

• 

a 
e» 

3 

0 
8 

10 
4 
9 
4 
0 

10 
3 
0 
8 
5 

10 
6 
5 
5 
5 

go's 

< 

.633 

.712 

.238 

.178 

.439 

.650 

.439 

.395 

.638 

.627 

.470 

.422 

.595 

.  422 

.675 

.572 

.537 

.659 

.438 

.329 

.590 

.698 

.rt81 

.772 

.660 

.391 

.537 

.432 

.889 

.470 

.503 

.457 

.532 

.740 
.905 
.750 
.816 
.833 
.809 
.829 
.777 
.802 
.864 
.747 
.670 
.756 
.748 
.638 
.817 
.925 
.816 
.843 
.853 
.864 
.756 
.722 
.743 
.927 
.822 
.829 
.802 
.743 
.848 
.872 

.004 
.598 
.663 
.753 
.692 
.673 
.728 
.718 
.647 
.711 
.675 
.612 
.743 
.710 
.698 
.716 
.735 
.660 
.675 
.802 
.824 
.789 
.741 
.637 
.708 
.655 
.816 
.733 
.665 
.664 
.727 

N 

NW.  . 
NE.  .. 
SE.... 
W..  .. 
w.. .. 

NW.  . 

N 

W.... 
w. ... 

w.... 

N 

E 

SW. .. 
W.... 
SW... 
W.... 
NE... 

E 

NE.  .. 
NE.  .. 

N 

W  .... 
SW... 

s 

N 

NE.  .. 
NE.  .. 
8W... 
NW.  . 
NE.  .. 

NW.  - 
NW.  . 
NE.  .. 
SW   .. 
W.... 
W.... 
NW.  . 

N 

W.  ... 
w 

w.... 

N.NE. 
SE.... 
W..  .. 

w.. .. 

H  ■  .... 

N 

NE.  .. 
NE.  .. 
NE.  .. 
E.NE 

N 

W.... 
SW.  .. 
SW... 

N 

NE.  .. 

E 

SW.  .. 
NW.  . 
SE... 

NW.  . 

NE.  .. 

E 

SW.  .. 

W 

W  .... 
NW.  . 

N 

W.... 
W..  .. 

N 

NE.  .. 

S 

W.SW. 
W..  .. 
SW.  .. 
N.NE. 
SE.... 
NE.  .. 
NE.  .. 

B 

N 

W  .... 
SW... 
NW.  . 

N 

NE.  .. 
SE. . . . 
W.... 

N 

SE.... 

19.0 
3.0 

22.3 
5.0 

lao 

3.3 
2.0 
5.3 
5.3 
3.3 
6.3 
12.7 

0 

N.28W. 
N.  18  W. 
N.  67E. 
8.31  W. 
West.  .. 
Went.  .. 
N.  45  W. 
North  .. 
West.  .. 
West-  .. 
N.  51  W. 
N-  36  E. 

.13 

.800 

.794 

.805 
.816 
.816 

.76 
.10 

.750 

.669 

.847 
.684 

.02 

.743 

.798 

5.  o!  8.  71'  E  . 
6. 0'  S.  56  W. 

.72 

.920 
.672 
.843 
.836 

a3 

1.7 
4.0 
2.0 

WeHt.  .. 
S.  29  W. 
N.  71  W. 
N.  62  E  . 
N.  60  E. 
N.45E. 
N.  60E 
North  .. 
We«t... 
S.  45  W. 
8. 55  W. 
North  .. 
N.  45  E 

...... 



.48 
.10 
.04 

.592 

12    11.3 

10 

.854 
.926 
.840 
.840 
.777 

12 

12 

12 

2 

2 

4 

4 

12 

12 

4 

4 

4 

6.0 
23.0 
9.3 
10.3 
5.3 
2.3 
3.3 
6.7 

5 
10 
10 

1 

1 

2 

3 
10 

3 

4 

1 

0 

5.0 

10 

7 
10 

1 

1 
10 

0 

3 

0 

0 

8 

0 

7 

2 

6 

0 

5 

0 

4 

0 

0 

0 

0 

2 

1 

3 

0 

0 

0 

3 

.29 

.68 

1.22 

.25 

.660 

.710 
.T*3 

.09 

.936 
.749 
.687 

10.0  N.71E  . 

13. 3!  S.  49  W. 

2.3  N.  24W. 

.43 
.01 

.777 

2.0 
2.2 

13.7 

8.0 
13.0 

8.  62  E  . 

.781 

.524 

.802 

.702 

N.  1  E  . 

5.32 



4 

12 
12 
2 
2 
2 
2 
2 
2 
2 
2 
2 
4 
2 
2 
2 
2 
12 
2 
2 
2 
2 
4 
4 
2 
2 
25 
4 
2 
25 

12 

12 

25 

2 

4 

2 

4 

4 

2 

25 

12 

2 

S 

2 

2 

2 

12 

4 

2 

2 

4 

12 

4 

12 

2 

12 

25 

12 

2 

25 

25 
4 
2 
2 
4 
4 
2 
2 
2 

12 
2 
2 
2 
4 
2 
2 
4 

25 
2 
2 

12 
4 
2 

25 
4 
4 
3 
2 

12 
2 

.812 
.868 
.619 

.642 
.489 
.518 
.434 
.623 
.468 
.644 
.537 
.537 
.551 
.618 
.574 
.564 
.629 
.569 
.565 
.634 
.539 
.501 
.868 
.489 
.492 
.497 
.501 
.585 
.550 
.554 
.527 
.166 
.543 

.816 

.695 

.819 

.747 

.841 

.758 

.807 

.846 

.843 

.786 

.804 

.841 

.850 

.810 

.764 

.749 

.949 

.806 

.783 

.799 

.823 

.810 

.771 

.771 

.771 

.751 

.754 

.786 

.613 

.673 

.757 
.684 
.719 
.686 
.747 
.677 
.768 
.766 

NE.  .. 

s 

W..  .. 
SW... 
SE.... 
s.  .... 
s 

K 

NE.  .. 
SW... 

W 

SW... 
NE.  .. 
W  . . . . 
SE.... 
NE.  .. 
SE.... 
NE.  .. 

8 

W.... 

E 

SW.  .. 

E 

SW.  .. 
SE.... 
W.NW 

E 

hj .  .... 
NE.  .. 

8 

E 

NE.  .. 
S,8W. 

8 

8W... 
NW.  . 

E 

8W... 

NE.  .. 
W..  .. 
W..  .. 
8W.  .. 
NE.  .. 
W..  .. 
E.SE. 

N 

SE.... 
NE.  .. 
SW.  .. 
NW.  . 
SW... 
SW... 

8 

8W... 
SW... 
NW.  . 
NE.  .. 

E 

NE  ... 

8 

E 

NE-  .. 
8W... 

8 

W  . .  . . 

N 

8 

w.. .. 

N.  45  E  . 
8.  32  W. 
Wf.iit . 

.61 
.20 

.876 
.776 

2. 0  8.  45  W. 
3. 0|  N.  28  E  . 
2. 3i  S.  73  W. 
2. 3l  8.  41  E  . 
2.  3i  N.  45  E  . 
2.  0  S.  45  E 

.12 

.804 
.852 

.67 

.916 

.685 

.688     SE  ... 
.7U6  1  NE.  .. 
.706  i  SE.... 
.600     SW.  .. 
.770     NE.  .. 
.  729      fi  VV 

.780 

1.3.0 
4.9 
1.6 
1.3 
2.6 

N.45E. 
Sonth  .  . 
We«t... 
N.  69  E  . 
s.  4a  VV 

.697 
.564 
.895 
.747 

.61 
.27 
.09 

.^52 

.728  I 
'.721 
.794 
.525 
.672 
.812 
.701 
.701 
.679 

SE.... 
SW.  .. 

8 

W.... 

N 

8 

NE.  .. 

8 

s 

1. 6;  8.  45  E  . 
3. 0  S.  4S  W 

.848 

.799 
.5431 

5.0 

13.0 

1.6 

1.7 

6.0 

6.0 

2.7 

13.7 

2.3 

6.0 

17.3 

S.  22  E 
N.60W. 
N.  45  E 
8.  24  E  . 
N.  45  E  . 
Sonth  .. 
8.  58  E  - 
N.  45E. 
8.  31  W. 
Sonth  . . 
.S.  46  W. 

.30 

.731 

.769 

.790 

•  •  •  •  ^  • 

802 

.768 

.8.^2 

.708  '  NR 

.804 
.  786 

.720  1 

.696 

.701 

.683 

.502 

.722 

8 

8 

SW... 
w .... 

N 

SW.  .. 

.41 

.796 

T35 

5.  3!  N.  50  W. 
a  7  S.  1 1  E  . 

727 

950 

17.3 
0.9 

8.  46  W. 

^1 

.778 

.647 

.788 

.704 

8.  39W. 

3.28 
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Reductions  of  the  monthly  meteorological  register  of  the  ttrvcf  tf 


Date. 


1867. 

July       1 

.  2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

3(1 

31 

Meani .  . . 


Aas^it  1 
2 
3 
4 

5 

6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

Meani .  . . 


Barometer  reduced  to  temperature 
of  329  Fahr.,  exprestted  iu  United 
Statei  inchei  and  decimals. 


S 


a 

■ 
at 


29.335 

29.  385 
29.312 
29.220 
29.  mio 
29.220 
29.  200 
29.  473 
29.53fc 
29. 524 
29.303 
29.  401 
29. 5.12 
29.  583 
29.365 
29.  5:51 
21».588 
29.  521 
29.403 
29.  594 
29.453 
29.  323 
29.  345 
29.  362 
29.213 
29.  198 
29. 2t.3 
29.  167 
29.  .393 
29.644 
29.376 


29.302 
29.297 
29.312 


29.110 
29.234 
29.310 
29. 440 
29.  &{8 
29.  428 
2i«.  269 
29.413 
29.  5:i:j 
29. 493 
29.314 
29.  525 
29.548 
29.560 
29.4.'>8 
29.498 
29.324 
29. 267 
29.331 
29.329 
29.184 
29.237 
29.  177 
29.  047 
29.478 
29.545 
29.336 


29.  .103 
29.  :k>7 
29.  :t57 
29.  195 
29. 072 
29.247 
29.382 
29.380 
29.5:)3 
29.352 
29  294 
29.  478 
29.  578 
29. 425 
29.418 
29.513 
29.543 
29.563 
29. 468 
29.471 
29.315 
29.230 
29.337 
29.294 
29.230 
29.250 
29.172 
29.198 
29.S05 
29.513 
29.293 


29.208 

29.  198 

29.456 

29.556 

29.503 

29.515 

29.  523 

29.473 

29.405 

29.531 

29.  598 

29. 469 

29.125 

29.351 

29.481 

29.453 

29.261 

29.232 

29.268 

29.456 

29.  43<; 

2i».  338 

29.210 

2i».  308 

2t».  rCii 

29  .')56 

29.  :Ui(i 

29.  H>8 

29.  'J84 

21».  .W.i 

29.  .35 1 


29.394 


29.153 

29.240 

29.480 

29.487 

29.573 

29.504 

29.524 

29.397 

29.  357 

29.552 

29.591 

29. 243 

29.290 

29.365 

29.462 

29.  378 

29.277 

29.209 

29.270 

29.  448 

29.365 

29.300 

29.  182 

29.  3.'>l) 

2i>.  493 

29.  4t»8 

•  ••••««• 

29.  l.')7 

29.308 
29.571 
29. 276 

29.374 


29.155 

29. 285 

29.503 

29.557 

29.487 

29.493 

29.475 

29.395 

29.413 

29.678 

29.558 

29.144 

29.192 

29.435 

29.448 

29.338 

29. 179 

29.132 

29.380 

29.  4.33 

29.35;» 

29.298 

29.  195 

29.  :t9H 

29.516 

29.  403 

29.117 

29.  187 

29.416 

29.541 

29.163 


a 


29.389  29.361  j  29.362 


29.313 
29.330 
21».  .327 
29.208 
29.  127 
29.  234 
29.  .331 
29.431 
29.  536 
29.  4.35 
29.289 
2i).  431 
29.548 
29.  5uO 
29.  ,366 
29.  524 
29.560 
29.548 
29.443 
29.521 
29.364 
29. 273 
29.338 
29.328 
29.209 
29.  228 
29.  204 
29.137 
29.459 
29.567 
29.335 


29.369 


29.172 

29.241 

29.480 

29.533 

29.521 

29.504 

29.507 

29.422 

29.392 

29.587 

29.582 

29. 285 

29.202 

29.384 

29.430 

29.390 

29. 239 

29.  191 

29.306 

29. 446 

29.  ::85 

29.312 

29.  IJ*6 

29.  352 

29.521 

29.456 

29.  242 

29.  171 

29.  :«6 

29.  568 

29.263 


TCXrKRATURE— rAHRKNHEIT. 


YArOR. 


Wet  bulb,  or 

point  of 
evaporation. 


Dry  bulb,  or  tem* 
peruture  of  tlie 
open  air. 


Elasticity,  in  U.S. 
iuche«anddrci- 
maii. 


* 

e 

• 

s 

a 

« 

b 

• 
Q. 

«- 

et 

Oi 

29.363 


1 


S 


GL  <    a. 


752. 5®.  SC 
814.846.732 
677. 775. 7H) 
....  666 . tfW 

76o.ea*.Toe 

717.  612. 611* 

5f<5.  537.5^ 

545. 47 J.  4^ 

483.  47.).  44? 

583.5I9.47.» 

823.639.fi<J6 

39y.46T 

47a.  4711 

5^5.537': 

503.281?! 

497 


«<6 
37j 

5IU 


532 
537. 

677 . 

561.437. 

5t«.433. 

705.572. 

558.572. 

565.537. 

800.664,671 

755.7lj?.65e 

833 .  787 .  7Ji 

792 712 

570.  718. 669 
597.731.67!>( 
956.860.7ia| 

58y  "     '"' 

572. 
55d!462.46% 

604.516.5(1^ 


64l!^ 

451.4ii8| 


29. 375  6.).  0  73.  4  67.  8  63.  4  87. 1  73. 2 


5»4.flDl 

^n 

936*.  644. 683] 
fiSI  .731.617 
705. 6B0. 
88H.7I8. 
t*2Uw  918.731 
8971.757.781 
929;.  77 1. 7C 
85*4.  730. 777f 
888 .  690 .  70»; 
775,409 
7191.497 
90t3L703 
800!.  682.79] 
819*.  662.650: 
792i.550.3»5| 
665l5il5. 
680*.  775. 
853..  591 . 7 
665 .  564 . 
6771529. 
733.58l.'6»> 
6t»5i.  577.534 
867.  e??, 643 
733,.5!9.5#j 
623L4«-9.4«»' 
7J9l.6lr.37l 
8i6.63i 
733i.569.64» 
483.23J.*4j 
4.16j.3KJ,.35e'| 
4571.556.4401 

42   .476. 754 1. 619. 6ie 
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tke  nartherH  and  nortkwesUm  lakss  at  Monroe  Ct/y,  Michigan, 


VAPOR. 

WIND. 

1 
Amount 
doudine 
(0=clea 

of  • 

IS. 

kT 

en* 
er- 

1 

Amount  or  evaporation,  m 
U.  8.  inches  and  deci- 
mals. 

0  m 

Sua 

Humidity. 
,   SaturBUon=  1,000. 

Direction. 
From  whence. 

Velocity,  in 
miles,  per   . 
hoar. 

-  5 

li 

K.S 

2.7 

3.0 

10.7 

1.7 

2.7 

2.6 

2.0 

3.0 

6  0 

6.3 

16.; 

10.3 

13.0 

13.0 

8.7 

3.7 

3.0 

5.C 

.•S.3 

1.7 

3.0 

3.3 

6.0 

3.6 

4.0 

4.0 

1.6 

6.0 

10.0 

3.7 

1.0 

0.3 

1.7 
3.0 
2.0 
2.7 
1.7 
2.7 
2.0 
3.2 
1.9 
6.0 
8.7 
2.0 
6.3 
2.0 
0.7 
l.a 
10.  G 
14.  a 
2.C 
2.7 
4.G 
4.C 
2.C 
3.C 
2.1 
5.2 
1.7 
10.  C 
9.C 
9.( 
13. : 

0,6 

• 

a 
•0 

1 

sky.) 
(lO-mky 
tirely  ov 
cast.) 

• 

• 

S 

• 

• 

• 

s 

• 

S 

• 

0. 
0 

a 

a 

4 
2 
4 
4 
3 
4 
4 
2 

12 
4 

35 
4 
2 
2 

12 
2 
4 
2 
2 
2 
3 
4 
2 
2 
4 
2 
2 

12 

25 
2 
4 

• 

S 

• 

c« 

2 

4 
25 

•  •  •  • 

4 

2 

2 

2 

3 

4 

12 

25 

12 

25 

12 

4 

4 

12 

12 

2 

9 

3 

12 

4 

•4 

12 

2 

4 

4 

\ 

• 

s  . 

• 

0. 

2 
4 
4 

2 

3 

3 

3 

3 

4 
12 

4 

2 
25 
12 

3 

3 

3 

2 

3 

3 

3 

4 

4 

3 

4 

8 

3 

3 

3 

3 

2 

• 

a 

I* 

2 
1 
0 
2 

8 
3 
4 

1 
1 
5 
3 
7 
0 
5 
5 
0 
2 
5 
7 
1 
0 
1 
1 

7« 
4 
10 
4 
7 
5 
1 
10 

• 

a 
0. 

3 

1 
4 

•  •  •  • 

7 
3 
0 
1 
2 
3 
4 
3 
1 
4 
8 
2 
3 
3 
5 
3 
3 
5 
3 
5 
9 
3 
2 
3 
4 
0 
10 

B 

• 

Q. 
at 

0 
5 
4 
3 
8 
1 
0 
9 
0 
3 
3 
3 
1 
6 
0 
1 
3 
3 
1 
0 
3 
5 
3 
5 
10 
0 
1 
0 
3 
3 
3 

iss 

< 

.735 

.5.34 
.543 
.545 

.673 

.701 

.544 

.468 

.558 

.501 

.622 

.634 

.542 

.506 

.545 

.548 

.51*5 

.550 

.495 

.554 

.518 

.488 

.522 

.453 

.474 

.529 

.637 

.501 

.524 

.495 

.720 

.677 

.750 

.644 

.768 

.724 

.618 

.708 

.735 

.735 

.  599 

.689 

.718  1 

.735 

.7.')8 

.663 

.690 

.727 

.754 

.754 

.708 

.693 

.774 

.744 

".'774' 
.815 
.7^^ 
.764 
.731 
.6.53 
.836 

.649 
.710 
.666 
.750 
.781 
.689 
.701 
.660 
.703 
.597 
.673 
.696 
.717 
.700 
.656 
.707 
.667 
.693 

NE  ... 

S 

8W  .  . 
SE 

NE  ... 
SE. ... 

SW  - . 

E 

SE.... 

S 

SW  .  . 
NW.  - 

SW  . . 
NW... 
NW... 

N 

W.... 
W.... 
NE  ... 
NE  ... 

B 

\v  . . «. 

N 

N 

E 

B 

SE.... 
S 

SW  . . 

IwV! 
w.... 

SE  .  .. 

SW  . . 
w  .... 
N.... 
NE... 
N 

0 

N.58E. 
S.36  E 
8. 40  W. 
S.16  E. 
N.58W. 
S.  45  W. 
S.  63  W. 
N.45W. 
North.. 
N.83W. 
8.  48  W. 
N.45E 
N.45E. 
Bant... 
S.  47  W. 
North . . 
N.36E. 
N.26E. 
East  . . . 
8.74  E. 
South  . . 
S.  45  W. 
South  . . 
8.45W. 
West  .  . 
N.45E. 
South  . . 
8.50W. 
N.42W. 
N.32E. 
N.75E 

.838 

.810 
.731 

.02 

.856 
.747 
.8."i0 

W.... 
SW  .  . 

sw . . 

NW... 
N    .... 
NW... 
SW  .  . 
NE  ... 
NE  ... 

E 

8W  .  . 

N 

NE  ... 
N 

NW.  . 

SW  .  . 

SW  . . 

NW... 

N 

W.... 
SW  .  . 
NB  ... 
NE  ... 
E 

SW  . . 

N 

NE    .. 

N.  NE. 

E 

SE. ... 

8 

SW  .  . 

8 

SW  .  . 

Tf     •  •  •  • 

NE  ... 

S 

SW  .  . 
NW.  . 
NE  ... 
8 



.93 
.99 

.776 

.816 
.692 



.39 

.7t« 

.735 
.874 

.03 

.636 

.761 

.882 

.690 

.776 

• 

.786 

.678     E 

.819 

.694 
.654 
.683 
.688 
.6-29 
.673 
.748 
.740 
.710 
.663 
.672 
.778 

NE  ... 
S 

8W  .  . 

8 

SW  .  - 

w.... 

NW... 

SE.... 
SW  .  . 
NW    . 

N 

NE  ... 

.751 
.786 

.799 

.804 

.771 

.900 
.796 

.07 

.865 

.735 
.869 

.30 

.793 

.550 

.724 

.691 

N.89W. 

a  6   3.3 

3.7 

0 
3 

1 
4 
3 
1 
1 
3 
8 
0 
0 
8 
0 
0 
0 
0 
3 
3 
4 
0 
8 
0 
0 
0 
0 
3 
7 
3 
3 
1 
10 

3.8 

2  63 

2 

4 

2 

4 

2 

3 

2 

4 

2 

4 

2 

2 
12 

2 

2 

2. 

4 

4 

2 
.2 

2 

2 

2 

2 

2 

2 

2 

4 

2 

4 
25 

2 
4 

2 

2 

4 

4 

2 

4 

2 

12 

12 

4 

4 

2 

2 

2 

25 

35 

2 

4 

12 

12 

2 

4 

4 

4 

*  •  *  • 

25 

25 

12 

4 

2 
2 
2 
2 
3 
8 
3 
4 
4 
2 

12 
4 
4 
2 
3 
4 
3 
4 
3 
2 
2 
2 
3 
4 
2 

12 
4 
2 
3 

13 

12 

.735 
.7.35 
.690 

.830 
.657 
.550 
.578 
.498 

.582 

.578 

.507 

.^4 

.579 

.5:32 

.782 

.68] 

.618 

.472 

.5.')2 

.503 

.472 

.545 

.609 

.472 

.5-27 

.609 

.5,35 

.579 

'.'609 
.558 
.486 
.690 

.850 

.815 

.•8.54 

.774 

.868 

.817 

.860 

.738 

.697 

.427 

.833 

.665 

.899 

.848 

.751 

.758 

.644 

.681 

.796 

.747 

.716 

.644 

.731 

.743 

.740 

.761 

.747 

.891 

.340 

.713 

.841 

.805 
.  7.16 
.698 
.745 
.734 
.766 
.726 
.739 
.652 
.622 
.584 
.599 
.845 
.805 
.731 
.703 
.655 

SW  .  . 
NW. 
E 

0     «  •  •  •  • 

W..-. 
w .... 

s 

SE.... 

sw .  . 

NW.  . 

N 

E 

NW.  . 
W.... 

8 

N 

SE.... 

SW  . . 

NW.  . 

E 

8 

SE. ... 
iV  .... 

S 

NE... 
SW  .  . 
NW.  - 
NE  ■ . . 
W.... 

N 

W.... 
Ij    . . . . 
NW.  . 
SE.... 

w.sw 
w.... 

N 

SE.... 
NE  ... 
W  . . . . 
NW.  . 
N.   ... 
NE  ... 

W.... 

N 

B 

8 

S 

NW  -  . 

8 

E 

NW.  . 
NW  .  . 
NE  ... 
W  . . . . 
NW  .  . 
W.... 

N 

E 

8 

SW  . . 

NW  .  . 

N 

SW  . . 

N 

W.... 
NW.  . 

N 

NE  ... 
NB  ... 

N 

NB  . . . 
SE.... 

s 

8.56W. 
N.37W. 

EH8t     . . 

South  . . 

8.10  E. 

N.80W. 

South . . 

East  . . . 

West... 

N.  45  W. 

N.41E 

West... 

N.37W. 

West... 

East  . . . 

N.38E. 

8.42  E. 

S.  67  W. 

N.77W 

North  . . 

8.45  E. 
1   N.36E. 
\   West... 
►   N.52W 
'   North  . . 
1   N.38E. 
r    N.56E. 
)   N.42W 
)   N.38W 
)   8.51  E 
r   South.. 

9 
3 
3 
3 

1 
6 
4 
1 
4 
6 
0 
1 
9 
5 
0 
5 
1 
4 
3 
2 
1 
0 
7 
.     0 
0 
3 
1 
.     4 
.     3 
0 
9 

.3.1 

9 
5 
2 
5 
4 
2 
2 
2 
3 
0 
0 
3 
5 
3 
3 
0 
7 
3 
5 
3 
3 
0 
3 
3 
0 
4 

'5 
7 
0 

10 

3.1 

.16 
.13 

.882 

.836 

.850 

.TJ5 
.900 

.15 

.  751 

.796 
.340 

.30 

.854 
.686 

.53 

.825 

.878 

.769 

.815 

.666     W 

.731 

.666 
.723 
.723 
.684 
.630 
.764 
.688 
.736 
.842 
.754 
.589 
.705 
.739 

W 

N 

NE  ... 
SW  -  . 
W.... 

w.... 

N 

NW  .  . 
E 

.878 

.843 

.935 

.631 

.841 
.790 

.47 

.869 

.937 

.761 
.869 

NW.V 

N 

E 

8 

NW.  . 
NW.  . 

SE. . . . 
8 



.33 

.916 

.687 

1 

1 

.798 

.582 

.748 

.711 

N.55W 

2.06 

71  w— Part  II 


1122 


REPORT    OP   THE    SECRETARY    OP   WAR. 


Reductions  of  the  monthly  meteorological  register  of  the  SMntf  <f 


TEMPERATURE— FAHRENHEIT. 

TAPOR. 

Barometer  reduced  to  temperatare 
of  32^  Fahr.,  expreued  in  United 

1 

State!  inehei  and  decimaU. 

Wet  bnlb,  or 

Dry  bulb,  or  tem- 

EUMtieit7.iiiU.&., 

Date. 

point  of 

perature  of  the 

inchet  and  ded-i 

evaporation. 

open  air. 

• 

a 

9 

3 

a 
a 

may.             « 

• 

a 

• 

S 

S 

• 

S 

• 

a 

• 

a 

• 

a 

6, 

« 

s 

.2 

a     i    B  \  i 

d       A     o.  ,  • 

1* 

« 

0» 

a 

«* 

o 

o 

1* 

o 

o 

9t 
O 

S 

o 

o 

r-    ' 

«      f» 

S  1 

1867. 

o 

o 

Sopt.       1 
2 

29.304 

29  356 

29.386 

29.349 

56 

61 

51 

61 

68 

55 

61.3 

69 

55 

.443.443.32U4n 
L  254.  591. 393!.  413 

29.442 

29.399 

29.366 

29.402 

42 

68 

55 

43 

75 

•58 

58.7 

75 

40 

3 

29.286 

39.296 

29.351 

39.311 

53 

68 

58 

55 

75 

61 

63.7 

75 

55 

.376.  591. 4431.479 
.273.  577. 497. 4« 

4 

29.434 

29.403 

29.386 

29.408 

45 

68 

61 

47 

76 

64     62.3 

76 

45 

5 

29.326 

29.292 

29.236 

29.285 

55 

80 

72 

60 

90 

75     75. 0 

91 

55 

.3671. 897. 644:  «» 

6 

29.187 

29.393 

29.496 

29.359 

65 

62 

53 

68 

69 

56 

64.3 

69 

56 

.577.462.3511.467 

7 

29.677 

29.656 

29.656 

29.663 

55 

72 

55 

56 

76 

58 

63.3 

76 

46 

.420. 731. 393*.  515 
.393. 625. 543!.  Sfl 

8 

29.677 

29.656 

29.636 

^.663 

55 

70 

64 

58 

78 

68 

68.0 

78 

47 

9 

29.617 

29.510 

29.373 

29.500 

59 

73 

62 

62 

84 

66 

70.7 

86 

61 

.460.063.5(12.  Ml 

10 

29.534 

39.546 

29.546 

29.543 

52 

63 

52 

56 

73 

57 

62.0 

76 

53 

.335.442.32»p36fi 

n 

29.582 

29.484 

29.378 

29.481 

42 

73 

.55 

46 

81 

59 

63.0 

8i 

38 

.215.703.380.43^ 

12 

29.352 

29.258 

29.245 

29.285 

50 

75 

62 

52 

84 

67 

67.7 

87 

47 

.334.746.483 

.«* 

13 

29.178 

29.205 

29.416 

39.266 

62 

71 

56 

65 

74 

59 

66.0 

77 

59 

.516.7l8.409i.54e( 

14 

29.518 

29.541 

29.594 

29.568 

52 

61 

54 

56 

69 

57 

6a7 

69 

43 

.335'.  430. 378. 3BI 

l.-S 

29.494 

29.441 

29.445 

29.460 

60 

71 

JS5 

63 

78 

70     70. 3 

78 

47 

.478.664.550,564i 

16 

29.465 

29.444 

29.452 

89.454 

70 

83 

SI 

73 

96 

86 

84.0 

96 

67 

.693. 951. 969- 8^ 

17 

29.598 

29.549 

29.550 

39.566 

65 

82 

73 

69 

97 

79 

81.7 

96 

68 

.564!.888.73u|.727 
.e22.i<74.rj;-l74i 

18 

29.595 

29.557 

29.577 

39.576 

67 

80 

73 

70 

91 

79 

8ao 

91 

69 

19 

29.598 

29.505 

29.435 

39.513 

64 

r2 

71 

67 

85 

76     7a  0 

87 

66 

.556.6)i».69lL61« 

20 

29.398 

29.505 

29.570 

29.491 

69 

61 

62 

73 

72 

66 

70.3 

83 

66 

.656.390.S0?;S1<( 

21 

29.663 

29.607 

29.605 

29.625 

63 

71 

61 

54 

79 

63 

65.3 

61 

54 

.389.  65:. 510. 513 
.348i.6d4.476i40 
.389.639.4.161. 4881 

22 

29.542 

29.515 

29.523 

29.527 

51 

71 

62 

53 

61 

68 

67.3 

81 

47 

23 

29.759 

29.758 

29.768 

29.762 

53 

70 

56 

54 

77 

57 

62.7 

78 

53 

24 

29.710 

28.758 

29.435 

29.574 

53 

rj 

65 

54 

84 

68 

6a7 

87 

42 

.389. 663. 5771.  «l 
.46l^.519.4'»7.4e 

25 

29.471 

29.565 

29.  601 

29.546 

59 

66 

55 

62 

75 

57 

64.7 

77 

56 

26 

29.602 

29.  .592 

39.53.) 

29.576 

44 

59 

47 

45 

63 

49 

53.3 

65 

44 

.375 

.447  297.340! 

27 

29.505 

29.423 

29.380 

29.436 

35 

63 

58 

36 

73 

61 

56.7 

75 

35 

.191 

.442. 40.  »^ 

28 

29.34tf 

29.288 

29.236 

29.289 

47 

73 

61 

49 

87 

64 

66.7 

88 

39 

.297 

.6231.4871.138^ 

29 

29.309 

29.424 

29.607 

29.447 

58 

61 

45 

61 

67 

46 

56.0 

67 

45 

.443.457.»6l 

.», 

30 

29.635 

29.640 

29.539 

29.605 

38 
54.2 

61 
69.4 

41 
59.5 

39 
56.9 

67 
78.1 

43 

49.7 

66 

37 

.216.457.91 

1        ' 

.3M,! 

1 

Means.... 

29.493 

29.480 

29.478 

39.484 

63.1 

66.0 

96 

35 

.408 

.617.481 

" 

Oct.        1 

29.466 

29.391 

39.336 

39.331 

30 

65 

45 

32 

78 

60 

56.7 

78 

30 

.144 

.443.2H> 

S7« 

2 

29.060 

29.072 

29.269 

39.134 

51 

63 

56 

56 

72 

59 

62.3 

73 

56 

.308.  4551. 4(Si.3«J 

3 

29.380 

29.377 

29.380 

89.379 

42 

55 

48 

46 

59 

49 

51.3 

59 

42 

.2».380l32«|.3a^ 

4 

29.372 

29.304 

29.207 

29. 294 

52 

59 

53 

56 

67 

56 

59.7 

07 

39 

.335.393.3H(.JMi 

5 

29.220 

29.510 

29.560 

29. 430 

46 

55 

46 

47 

59 

46     50.7 

50 

47 

.297 

.3Ba.31llJ« 
.37$.2Wi«« 

6 

29.  721 

29.770 

29.787 

29.759 

39 

58 

47 

43 

67 

49 

53.0 

67 

41 

.  186 

7. 

29.898 

29.841 

29.767 

29.835 

33 

52 

45 

35 

57 

48 

46.7 

57 

3? 

.ie2.3a2!.M|.«« 

8 

29.715 

29.587 

29.447 

29.583 

35 

57 

53 

36 

67 

56 

sao 

67 

35 

.19 1 1.333:.  30;.  55 

9 

29.150 

29.038 

29.021 

29.070 

52 

52 

52 

55 

62 

54 

57.0 

63 

52 

.349. 256. 36*.  3»^ 
.335. 39*.  aw- 305 

10 

28.866 

28.853 

28.898 

28.  872 

52' 

50 

47 

56 

56 

49     53.7 

56 

49 

11 

28.  996 

29.081 

29.  172 

29.083 

47 

51 

49 

49 

55 

51 

51.7 

56 

47 

.297.32L38LJ« 

12 

29.246 

29.257 

29. 3a5 

29.296 

48 

50 

50 

49 

54 

50 

51.0 

55 

48 

.322.30a.36l.W 

13 

29.227 

29.468 

29.  .501 

29.399 

51 

53 

52 

54 

60 

54 

56.0 

63 

46 

.335. 31*.  34  ** 

14 

29.503 

29.359 

29.379 

29.  414 

37 

51 

51 

40 

68 

57  i  55.0 

70 

37 

.181:.  1301  sslg 

.247.485!  3MJ.«^ 

15 

29.405 

29.381 

29.459 

39.415 

45 

65 

51 

49 

75 

55     59.7 

75 

46 

16 

29.547 

29.502 

29.411 

29.487 

40  J 

70 

63 

41 

82 

70 

64.3 

84 

39 

.  235 .  Sti 

,|S.43h 

17 

29.431 

29.330 

29.313 

29.3.58 

58 

68 

62 

63 

82 

71 

72.0 

83 

60 

.416.497 

.^a.^ 

18 

29.306 

29.292 

29.343 

29.314 

53 

67 

68 

57 

84 

72 

71.0 

a5 

57 

.350.434 

iC3lL473 

19 

29.361 

29.373 

29.428 

29.  387 

57 

69 

62 

61 

88 

70     73.0 

89 

60 

.4l2.48t^ 

.44|l447| 

20 

29.546 

29.448 

29.441 

29.478 

49 

^ 

59 

51 

84 

63 

66.0 

84 

45 

.3311. 583.4471.45; 
.283^.4a.5l4fl7 

21 

29.414 

29.345 

29.411 

29.390 

47 

62 

50 

80 

65 

65.0 

81 

49 

22 

29.632 

29.622 

29.r-*2 

29.659 

45 

49 

41 

47 

57 

43 

49.0 

64 

43 

.273.94S.54fS 

23 

29.872 

29.860 

29.  834     29.  855 

29 

51 

35 

.30 

57 

37 

41.3 

57 

39 

.1491. 2951  ni*^ 

24 

29.888 

29.762 

29. 767     29.  806 

26 

51 

41 

27 

60 

44     43.7 

GO 

24 

.129.355.ai$.«j 

25 

29.791 

29.702 

29.  674     29.  722 

30 

47 

50 

31 

56 

52     46. 3 

60 

27 

.  155.aM.3MlS 

.2i8.«!.ail-S 

26 

29.667 

29.664 

29. 674     29. 668 

41 

57 

49 

44 

58 

51     51.0 

59 

43 

27 

29.  690  t  29.  650 

29. 611  1  29.  650 

39 

56. 

47 

41 

62 

50     51.0 

62 

36 

.212.3fi^.«|.l3 

.19*.930|-3».S 

28 

29.567 

29.482 

29.420     29.490 

41 

48 

51 

46 

56 

53  ^  .51. 7 

59 

40 

29 

29.412 

29.339 

29.351      29.367 

49 

60 

54 

51 

67 

56     58.0 

65 

50 

.  321. fW.  391-2 

30 

29.297 

29.253 

29.286  1  29.279 

47 

35 

3:) 

49 

39 

34     40.7 

56 

31 

.297.iaB!.l».*| 

31 

29.438 

29.480 

29. 527     29.  482 

40 
45.0 

47 
58.3 

42 
52.1 

41 

47.8 

53 
67.4 

44 

55.6 

46.0 

53 

34 

.23> 

.9#4Li4l|^» 

MeaDB.... 

29.454 

29.429 

29.  441     29. 441 

56.9 

89 

1 

24 

.270 

1 

3G9 

.3»J 

m 
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the  northern  and  northwestern  lakes  at  Monroe  Cittft  Michigan. 


VAPOR. 

WIND. 

Amount  of 

cloudineai. 

(0=clear 

Amount  of  evaporation,  in 
U.   8.  Inc^eH .  and   deci- 
mal*. 

^1 

a^ 

Hnmiditj. 
Satnratlon  =  1,000. 

Direction. 
From  whence. 

Velocity,  In 
miles,  per 
hoar. 

Si 

II 
55 

• 

a 
S 

«kv.) 
(10=^itky  en- 
tirely ovsr- 

caat.) 

§00 

• 

a 

• 

• 

a 

• 

a. 
at 

• 

1 

• 

a 

• 

• 

a 

d 

0» 

. 

a 

4 
r» 

13 
2 
4 
2 
3 
2 
2 
2 
2 
4 

12 

25 
4 

25 
2 
4 
2 
4 
2 

12 
2 

12 
2 
2 
2 
2 
2 
4 
4 
2 

a 

• 

a 

3 
4 

4 
12 

a* 

4 

12 
12 

4 

2 

2 
12 

4 
25 
25 

4 

2 
12 

4 
35 

4 
12 
12 

4 

4 

4 

2 

4 
45 

2 

• 

a 

• 
A 

2 
2 
4 

4 
3 
3 
4 

4 

12 

2 

4 
4 

4 
4 

2 
2 
4 
2 
3 
2 
2 
4 

12 
2 

12 

•  4 

2 

2 

12 
2 

d 

10 
0 
4 
0 
0 
4 
5 
0 
2 

10 
0 
5 
6 
0 
0 
6 
5 
4 
9 
0 
3 
2 
0 
0 
7 
3 
0 
0 
4 
4 

• 

a 

d 

aSS 
< 

.825 
.916 

.647 
.681 
.681 

.743 

.816 

.738 

.804 
.792 
.775 
.732 
.768 
.855 
.754 
.728 
.661 
.706 
.747 
.837 
.722 
.758 
.737 
.680 
.7-29 
.706 
.697 
.825 
.716 
.853 
.782 
.767 
.850 
.757 
.724 
.812 
.810 

N 

NW.  . 
W... 
NW.  . 

B 

Yi   .... 

NE  ... 

B 

8E.... 
NW.  . 
8B.... 
NW.  . 
NW  .. 
NE  ... 

E 

8W  .  . 

8 

8W.  . 

N 

8W  .  . 

N 

W.... 

N 

E 

8W  .  . 
NB  ... 
NB    .. 
S.   ... 
8W.  . 
NE  ... 

N 

NB  ... 
W.... 
NE  ... 
E '  . . . . 
NW  .. 
NB... 
NB... 

aw  . . 
NW  .. 

8 

NW.  . 
W... 
NB.  .. 

E 

8W  .  . 

8 

SW  .  . 

E 

SW  .  . 

E 

W.... 
NE.  .. 
SB.... 
NW.  . 
NB.  .. 

E 

8 

NW.  . 
SB.... 

N 

SB.... 
W... 
NE... 
JCi .  .... 

N 

NE.  .. 
NE.  .. 

Tf     .... 

N 

W  - . . . 
NW.  . 
NW.  . 
NB.  .. 

8 

8W  .  . 
8W... 

Yf  .... 

SB... 
W.... 

oEj  .... 

w.... 

NB.  .. 

8 

N.NB. 
NE  ... 
SB. ... 

8 

NW  .. 
SB. .  • . 

5.3 
1.3 
4.0 
&3 
2.0 
2.3 
6.0 
6.0 
4.7 
2.7 
a  7 
ia7 
a7 

18  0 
9.3 

as 

9.3 
6.0 
1.7 
16.3 
1.7 
9.3 
8  7 
2.3 
4.0 

a  3 

1.6 

a3 

19.0 
1.7 

1.5 

&7 

8  7 

ao 

8  7 
2.0 
2.3 

ao 

1.3 

ia7 
lao 

6.7 
2.7 
6.0 
2.3 

a3 
ao 

19.0 
2.0 
5.3 
2.0 
1.7 
2.7 

23.7 
a  3 
5.0 
1.3 
6.0 
6.7 
2.0 

as 

2.7 
0.6 

o 

North  . . 
N.  45  E 
West  .. 
N.  .38E. 
East.  .. 
N.45W. 
N.45E 
N.50B. 
S.73W. 
N.32W. 
8.25  E 
N.  45  W. 
N.60  W. 
N.  45  E. 
8.86  E 
8.  45  W. 
8.  4  W. 
8.50W. 
N.83  E. 
8. 47  W. 
N.83E 
We»t .  . 
N.43E 
8.45  B. 
N.2E.. 
N.45B. 
Bant  . . . 
South  . 
N.49  W. 
8. 74  E  . 

5 
4 

10 
2 
2 
3 
1 
0 
8 
1 
0 
4 

10 
3 
0 
3 
0 
8 
1 
3 
3 
3 
0 
3 
6 
7 
0 
1 
5 
0 

Si 

3 

3 

5 

2 

0 

0 
10 
10 

0 

0 

4 

7 

3 
10 

3 

0 

0 

0 

2 

0 

2 

0 

1 

2 

6 

0 

1 

3 

2 

2.6 

5 
10 

0 
10 

1 

0 

4 

4 

6 

9 
10 
10 

2 

0 

0 

2 

0 

0 

0 

0 
10 

3 

2 

2 

2 
10 

0 
10 
10 
10 

0 

4  2 

.45 

.869 

.847 
.708 

.644     .833 
.630     .858 
.653     .809 
.815     .816 
.  65.1     .  793 
.569     .786 
.545     .692 
.665     .761 
.  640     .  740 
.856     .819 
.607  '  .812 
.693     .751 

.32 

.843 

.935 

.816 

:^ 

.691 

• 

.07 

.861 

.836 

.747 
.831 

.14 

.854 
.796 

.561 
.507 
.601 
.507 
.497 

.797 
.738 
.738 
.771 
.78fi 

.06 

.848 

.841 

.807 

.04 

.933 

.657     .886 
.590  1  .695 
.  689     ,  936 

•  00*7      •  o*i«l 

.  599     .  874 
.776     .853 
.545  ;  .825 
.486  1  .833 
.690  1  .921 
.690  1  .8:» 

.864 

.933 

.933 

.828 

.920 

.900 

.853 

.825 

.907 

1  1 

845 

.631     .806 

.761 

N.17W. 

ai 

98 

2 
4 
4 

2 
2 
2 
2 
2 
4 
2 
4 
2 
4 
2 
4 
2 
12 
2 
2 
2 
2 
2 
2 
2 
2 
2 
4 
4 
2 
2 
2 

12 

12 

4 

12 
2 
4 
4 

4 

12 

25 

12 

2 

12 

4 

2 

4 

35 

2 

12 

2 

2 

4 

25 

4 

12 
2 
12 
4 
2 
4 
4 

4 

12 
4 

12 
2 
8 
4 
2 

25 

12 
4 
4 
2 
2 
4 
4 

12 
2 
2 
2 
4 
2 

35 

4 

2 
o 

2 

12 

2 

4 
2 

.794 

1 

.  463  L  646 
.582     .819 
.761  i  .926 
.595  1  .809 
.761    1  000 
.  588     -  ft.'^l 

.634 
.696 
.793 
.717 
.89;' 
.703 
.755 
.737 
.711 
.742 
.818 
.888 
.756 
.528 
.670 
.698 
.585 
.643 
.590 
.712 
.688 
.734 

.m 

.710 
.736 
.831 
.758 
.664 
.791 
.795 
.785 

8W.  . 
NW.  . 
W.... 

N 

N 

NB  ... 
SB.... 
N.... 
SW  . . 

8 

NW.  . 
W.... 
NW.  . 
W.... 
8W  .  . 
NE  ... 

I::::: 

SB.... 

E 

SB.... 
NW.  . 
NE... 

B 

B 

SB.... 
NB.  .. 
NE.  .. 
NW.  . 
W.-.. 
W....| 

8W.  . 
W.... 

N 

NE... 
N  . «. . . 

E 

NE  •  . . 

E 

SW.  . 
SW  .  . 
NW.  . 
W.... 
NW.  - 
8.8  W. 
SW... 

B 

SW... 

8 

SB... 

B 

SW... 
NW.  . 
NE  ... 

E 

NE  ... 

8 

NE  ... 
NE.  .. 
NW. 

Yf  .... 

w.... 

W..-. 
NW.  . 

N 

NE.  .. 

N 

SB.... 
NE  ... 

8 

SW.  . 
8W  .  . 
NW.  . 
W.... 

N 

SW... 
SW... 
SB... 
SW... 

8 

SB.... 

E 

W.... 

N 

NE  ... 

B 

NE... 
E.  .... 

N 

NE... 
NW... 
W  .... 
W... 

8.55W. 
N.64  W. 
N.27W. 
N.41E. 
North.. 
Eatit  . . . 
N.62B. 
Eatit.  .. 
8. 45  W. 
8. 43  W. 
N.45W. 
Weit  .  . 
N.40  W. 
8.43W. 
8.45W. 
8.81  E. 
8.37W. 
South.  . 
S.45E. 
East.  .. 
8.56  W. 
N.31  W. 
N.45E. 
Bant.  .. 
N.49E. 
8.  69  B. 
N.40B. 
N.45E. 
N45  W. 
W<vt  . 
We«t... 

2 

10 

6 

7 

10 

10 

1 

0 

10 

7 

8 

10 

3 

0 

7 

0 

0 

0 

0 

0 

4 

4 

0 

0 

3 

1 

2 

7 

10 

10 

10 

0 
5 

4 
4 
3 
0 
1 
3 
7 
10 
7 
6 
3 
2 
3 
4 
1 
0 
1 
0 
7 
3 

I 
5 

1 

0 
10 

5 
10 

7 

.687 

.691 
.747' 

.06 

.923 
.669 

.03 

.797 

.692 
.503 
.461 
.627 
.743 
.rJ8 

.777 
.809 
.867 
.853 
.859 
1.000 

.900 

.805 
.747 
.853 
.926 

•  •  a  •  • 

.28 
.39 
.07 

.802 
.732 

.599     .867 
.  219     .  634 
.558     .743 
.524     .658 
.  455     .  576 
.372  '  .804 
.  387     .  613 
.501  i  .776 
.441  1  .836  1 
.521  !  .833  i 
.634     .807 
.  493     -  756 

.19 

.710 

.912 

.723 

.758 

.769 

.859 
.786 

.•47 

.890 

•••••• 

.880 

•  *  •       • 

.893 

.455 
.878 
.665 
.512 
.642 
.636 
.606  { 

.861 
.859 
.786 
.864 
.872 
.895 
.836  1 

.756 

.824 

.617 

.859 
.853 
.912 

•  ••••• 

".'06 
.34 

.830 

587        SOR  ! 

.751 

N.68W. 

4. 6  a.  7 

1  42 

) 

1 

\"'- 

1 

1 
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Reductions  of  the  monthly  meteorological  register  of  the  stmfof 


Date. 


1867. 

Nov.     1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

MeauB... 


Dec. 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15' 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 


Barometer  reduced  to  temperatare 
of  32^  Fahr. ,  expressed  iu  United 
States  lucbea  and  decininla. 


TEMPERATURJf— FAHRENHEIT. 


a 


29.366 
29.071 
a».923 
29.311 
29.747 
29.706 
29.313 
29.111 
29.151 
29.348 
29.411 
29.589 
29.374 
29.086 
29.652 
29.346 
29,331 
29.434 
29.673 
29.434 
29.467 
29.368 
29.413 
29.305 
29.157 
29.421 
29.526 
29.433 
28.964 
29.393 


29.364 


29.579 
29.395 
29.553 
29.295 
29.196 

28.  943 
29.408 
29.669 
29.646 
29.267 
29.284 
29.236 
29.541 
29.399 
29.345 
29.318 
28.991 

29.  447 
29.839 
29.J28 
29.6.35 
28.955 
29.613 

•29.  420 
29.  194 
29.  436 
28.876 
29.486 
29.rJ0 
29.915 
29.716 


Means , 


29.406 


Q. 
01 


29.101 
29.128 
28.670 
29.513 
29. 676 
29.608 
29.182 
29.028 
29.212 
29.315 
29.428 
29.596 
29.341 
29.183 
29.574 
29.506 
29.28:3 
29.476 
29.635 
29.363 
29. 431 
29.  313 
29.4U0 
29.232 
29.058 
29.563 
29. 424 
29.:)6() 
28.767 
29.491 


29.328 


29.456 

29.462 

29.334 

29.247 

29. 270 

28.718 

29.443 

29.625 

29.512 

29.243 

29.298 

29.231 

29.531 

29.^41 

29.325 

29.2(5 

29.  080 

29.537 

29. 741 

29. 4()\> 

29.  443 

29.  (.77 

29.628 

29.371 

28.922 

29.  433 

28.926 

29.464 

29.728 

29.958 

29.435 


S 

Q. 


29.065 
29.212 
28. 752 
29.686 
29.688 
29.483 
29.123 
28.958 
29.312 
29.360 
29.521 
29.4G9 
29.276 
29.389 
29.246 
29.534 
29.286 
29.526 
29.516 
29.444 
29.418 
29.313 
29.405 
29.  252 
29.  158 
29.583 
29.  {<67 
29.316 
29.085 
29.606 


29.345 


29.372 


29.463 

29.534 

29.290 

29.182 

29.282 

29.183 

29.511 

29.605 

29.288 

29.250 

29.292 

29.411 

29.  443 

29.320 

29.  .322 

29.  liiS 

29.270 

29. 762 

29.  578 

29.62U 

29.137 

29.196 

29.675 

29.362 

28.  979 

29.227 

29.262 

29.514 

29.858 

29.961 

29.278 


3 


29.177 
29.137 
28.782 
29.503 
29.704 
29.599 
29.206 
29.032 
29.225 
29.341 
29.453 
29.551 
29.330 
29.219 
29.491 
29.462 
29.300 
29.479 
29.608 
29.414 
29.439 
29.331 
29.406 
29.26:3 
29.124 
29.  522 
29.439 
29.370 
28.939 
29.497 


29.346 


29.499 

29.464 

29.31« 

29.241 

29.249 

28.948 

29.454 

29.633 

29.482 

29. 2.33 

29.291 

29.293 

29.  5('5 

29.354 

29.364 

29.226 

29.  114 

29.582 

29.720 

29.470 

29.405 

29.  076 

29.639 

29.384 

29.032 

29.365 

29. 1 21 

29.488 

29.772 

29.941 

29.476 


Wet  bulb,  or 

point  of 
evaporation. 


S 

C9 


39 

55 

50 

39 

28 

31 

40 

42 

42 

3d 

43 

28 

29 

39 

25 

34 

37 

21 

12.5 

27 

25 

40 

36 

46 

52 

38 

37 

38 

40 

12.5 


a 


35.4 


35 
27 
23 
14 

22.5 
35 
23 
il9 
|19 
32.5 
28 
10.5 
1.5 
II     123 
1.1    !26 


59 
53 
57 
.37 
45 
47 
53 
60 
60 
48 
35 
.33 
45 
44 
38 
37 
40 
30 
38 
49 
46 
47 
58 
58 
42 
40 
41 
39 
.33 
16 


29.394  29.392 


18 
25 
29 
0 
28 
25 
41 
27 
29 
1.37 
30 
i.53 
30 
i23 
11 
19 


28 
32 
31 
29 
34 
30 
30 
28 
40 
44 
36 
53 
31 
27 
25 
29 


a 


55 
47 

51 
32 
38 
37 
48 
57 
40 
41 
33 
32 
33 
37 
38 
32 
37 
24 
30 
1.39 


Dry  bulb,  or  tem- 
perature of  the 
open  air. 


a 

I* 


41 
57 
52 
40 
29 
32 
42 
47 
46 
42 
45 
29 
30 
42 
26 
39 
39 
22 
13 
28 


36  126 
47  43 


46 
57 
45 
39 
38 
39 
24 
16 


40 
48 
54 
41 
40 
39 
42 
13 


44. 3  38.  9  37. 9 


23 
32 
30 
24 
27 
43 
30 
24 
31 
35 
26 
11 
15 


26 
28 
31 
21 


15 
28 
24 
15 


28.524 


27 
16 
23 
33 
27 
24 


37 

24.5 

21 

20 

34 

29 


a 

OI 


67 
62 
65 
42 
50 
54 
64 
67 
66 


a 

O) 


57 
52 
54 
13 
39 
39 
51 
63 
44 


60  45 

44  135 

35  i34 

49  I35 


50 
50 
49 
45 
34 
45 
57 
52 
56 
64 
64 
59 
46 
46 


42 

41 
35 
39 
25 
32 
42 
38 
49 
48 
60 
47 
40 
40 


51.3  41.4 


8.511 


15 

20.5 

16 

24 

32 

28 

24 

32 

34 

30 

26 

32 

46 

35 

36 

28 

22 

15 

26 


23. 2  29. 926. 3 


2 
12 
16 
19 
27 
30 

1 
30 
27 
44 
28 
31 
39 
32.5 
57 
33 
25 
12 
20 


24.8 


27 
39 
35 
27 
31 
50 
32 
27 
35 
39 
29 
12 
17 
25 
29 
30 
34 
35 
31 
37 
33 
33 
33 
41 
49 
40 
60 
36 
30 
27 
31 


27 
29 
33 
22 
30 
30.5 
17 
24.5 
35 
29 
25 
9 
17 
23 
17 
26 
34 
31 
25 
34 
36 
31.5 
27 
34 
49 
38 
39.5 
130 
,23 
16 
27 


s 


55.0 
57.0 
57.0 

38.3 
:».3 
41.7 
55.7 
59.0 
53.0 
49.0 
41.3 
32.7 
38.0 
44.7 
39.0 
41.0 
41.0 
27.0 
30.0 
42.3 
38.7 
49.3 
53.7 
57.3 
53.3 
42.3 
42.0 
40.7 
34.3 
l&O 


4a  5 


23.0 
32.0 
30.7 
21.3 
28.3 
39.2 
24.5 
24.2 
30.0 
34.0 
27.7 
10.7 
12.0 
19.7 
20.7 
25.0 
31.7 
32.0 
19.0 
33.7 
32.0 
36.2 
29.3 
35.3 
4&7 
3&8 
59.2 

aao 
S6.0 

18.3 
26.0 


B 

o 

a 

a 


67 
62 
65 
54 
50 
54 
67 
70 
67 
60 
47 
39 
50 
52 
50 
49 
46 
41 
45 
57 
52 
57 
64 
64 
59 
49 
47 
44 
42 
26 


70 


27 

39 

35 

33 

31 

51 

32 

27 

35 

39 

29 

25 

21 

25 

30 

34 

34 

35 

31 

35 

36 

44 

33 

43 

55 

41 

61 

38 

30 

28 

31 


TAPOB. 


a 
a 

'5 


Ela«ticity,inU.8.; 
incb^sibdded- 


AU 

»ia. 

• 

■ 

a 

E 

S 

a 

• 

0. 

Sk 

r- 

o» 

a 

37 
SO 
50 
33 
27 
29 
35 
46 
44 
40 
33 
29 
30 
35 
24 
33 
37 
22 
13 
27 
23 
36 
35 
46 
47 
39 
38 
37 
24 
11.5 


212.393I. 
407.284. 
3341.359. 
2251. 155]. 
142L  234 . 
162.231!. 
2211.257. 
202L  425 . 
215'.  438!. 
177.  177i. 
2281. 08t. 
142 .  162. 
149. 2471. 
199. 209 . 
123 .  072 . 
1311.0641 
194 .  182{. 
IDlL  121;. 
076 .  138 . 
136.242. 
I23L  2321 
206.2041. 
042.403!. 

284 >.  m. 


407.337 
257l31i 
3331.30! 
1 6^.181 
216plST 

1941  m 

2961 « 
3t«|.338' 

905).  1B6 

leiisi 

1631186 

\s&.m 

1901  IS 
144  U2 

m.\» 
iir.m 

144.119 

199. 1» 


362 
190 
181 
316 
221 


297 


175. 
169. 
192. 
186|. 
1631. 


S3S 

371' 


27t2» 

Sir.  \9S 


-m 


191 


I 


235. » 

i«ua 

076!.  0671.  (m  OH 


12 


.33.328.0!  28.7 


55 


7 
24 
20 
14 
13 
28 
16 
15 
16 
29 
23 
-2 

0 
11 
14 
15 
23 
29 
-1 
31 
18 
31 
25 
24 
33 
30 
35 
28 
21 

9 
11 


.063^078 
.136 


i^:.2a2.si9'r«* 


,-._.129^.H 
.x.^[090;.14S;lffl 

.095.109^.151111^ 
.O71.0»5i.i01u0» 
.104^10lLl».llS 


1061. 144: 
.080. 
092. 


'i44;.oSi» 

085i.mOM 

i2el.iffl.»r 
i65Lis!.ia4lM7 

.142l.10fi.imUJ 
.064.r061.0atOfl 
.Oll!.069.(»ifl» 
.061.1flOl»S.gj 
.O74ll06L(CTlflg 

.0871  mif^' 

.  II2L  155;.  13- 
149L138L11S 

— LuTiir 

.13d.!57|.U 

.iia.i39Ln 

.  2181 13»L  U 
.13^.096111 

137L23^li-.     , 

i94La8i.«n|.*! 

.13K.l«j.lf^**^ 
.3501 34 II 
.132f.ll6Li; 

.looLiulu 
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TAPOR. 

WIND. 

Amount  of 

cloudiness. 

(0=clear 

Amount  of  evaporation,  in 
U.  8.  inches  and  dec!- 
mnls. 

Amount  of  rain  or  melted 
snow,  in  U.  8.  inches 
and  decimals. 

Hnmidity. 
SatnraUou  =  1,000. 

Direction. 
From  whence. 

Velocity,  in 
miles,  per 
hoar. 

X 

15.7 
3.  ^ 

1 

1 
1 

sky.) 

(10=»ky  en- 
tirely over- 
cast 

a 

■ 

S 

• 

i 

1* 

• 

S 

• 

0. 

01 

a 

• 

a 

• 
r* 

4 

4 

2 
0 

4 

2 
2 
4 

12 
2 
4 
4 
2 

12 
4 
4 

12 
2 
2 
4 
2 
2 
2 
2 
4 
4 
2 
2 
4 

12 

• 

S 

• 

a 
0 

35 

4 

25 

12 

25 

4 

4 

4 

4 

35 

12 

2 

a 

• 

a 

12 
4 

35 
2 
2 
4 
4 
4 
4 

12 
4 

\9 

m 

a 

1* 

1 
1 

6 
5 
5 
4 

5 

3 

7 

2 

1 

8 

0 

0 

3 

3 

7 

3 

0 

1 

1 

4 

0 

6 

10 

10 

10 

10 

10 

2 

4.3 

10 

10 

9 

3 

10 

10 

5 

4 

9 

10 

10 

10 

6 

9- 

1 

4 

10 

10 

2 

10 

10 

10 

10 

10 

10 

I 

10 
9 

4 
7 
2 

7.6 

• 

a 

• 

a 

4 
1 
5 
7 
2 
5 
0 
7 
3 
0 
7 
5 
0 
2 
3 
3 

10 
4 
3 
1 
1 
3 
0 
3 

01 
8 

10 

10 
9 

10 

4.5 

5 

7 

5 

3 

10 

5 

8 

5 

7 

5 

10 

10 

7 

7 

4 

10 

10 

4 

3 

10 

10 

4 

5 

4 

10 

9 

5 

4 

4 

1 

10 

• 

a 

• 

a 
o> 

3 
2 
4 

6 
3 
4 

5 

10 

5 

.0 

10 

4 

0 

5 

•5 

2 

7 

1 

3 

3 

2 

5 

10 

10 

10 

9 

10 

10 

8 

10 

5.3 

10 

3 

5 

5 

10 

5 

5 

5 

10 

6 

10 

5 

4 

10 

10 

10 

10 

1 

9 

10 

10 

10 

4# 

3 

5 

9 

10 

8 

0 

1 

10 

.824 
.874 

.595 
.511 
.582 
.577 
.646 
.552 
.432 
.642 
.685 
.  34i» 
.299 
.797 
.710 
.561 
.19J 
.182 
.607 
.617 
.459 
.521 

*UM3 
.  xKfO 

.  455 
.675 
.675 
.505 
.543 
.617 
.669 
.797 
.682 

874 
.660 
.802 
.893 
.907 
.816 
.790 
.670 
.677 
.684 
.797 
.792 
.797 
.577 
.738 
.698 
.816 
.872 
.794 
.744 
.811 
.853 
.850 
.822 
.847 
.907 
.820 
.910 
.754 
.834 

.764 
.682 
.748 
.793 
.813 
.755 
.684 
.645 
.684 
.562 
.619 
.825 
.799 
.634 
.604 
.476 
.746 
.783 
.751 
.716 
.76-2 
.686 
.548 
.782 
.740 
.729 
.723 
.829 
.793 
.839 

NW... 

SW... 
NW... 

N 

SW ... 

N;.... 

8 

S 

SW... 
s ^v^ . . . 

w 

NW  .. 
NW... 
N.  NW 
s  w . . . 

w 

8W... 
N..... 
NW.l. 

W 

N.NW 

S 

SE .... 

S 

8 

NW... 

N 

E 

W 

NW... 

8W... 

W 

8W... 

W 

8W... 
NE... 

8 

SK... 
8W... 
SW... 
NW... 
NW... 
NW... 
N.NW 
SW... 

W 

W 

N 

N.NE. 

W 

SW... 
SE .... 

E 

hE  ... 
8.SW. 
NW... 
NE  ... 

E 

N.NW 
W.NW 

SW... 
NW... 
SW... 
NW... 

W 

NE  ... 
SE  ... 
S.SW. 
SW... 
SW... 
NW  .. 
NW... 
NW... 

W 

SW... 
W  .... 
W  ... 
NW... 

N 

W  .... 
SW... 
E.SE 
NE  ... 
NE  ... 
W.... 
NW.  .. 
NE  ... 

E 

N.NW 
W  .... 

0 
8.  SOW 

W«at 

.861 

0    Oi     .<>t    ^fi  ^^ 

.910 
.887 

4.7 

10.0 

3.U 

3.0 

3.7 

6.7 

16.3 

6.3 

6.0 

17.3 

li  3 

N.76W 
S.48W 
N.  36  E 
8.   18  E 
S.  7E 
8.45  W 
8.45  W 
N.53W 
N.45W 
N.45W 

.22 

.896 

.829 

.624 

.691 
.661 

.31 

.762 

.887 

.890 

25     25 

25       4 

4     12 

12       2 

.744 

.876 

6.7   8.45  W 

6.0    West.. 

12.0!  8.77  W 

07'  V  in  w 

.547 

.816 

25 

4 

2 

4 

2 

4 

4 

12 

.35 

12 

4 

12 

25 

12 

2 
2 

.860 

1.000 

2     1. 91  North  . 

2      ^  -»    AV.'ut 

.883 

.876 

2 

2 

12 

25 

4 

4 

12 
25 

1.3;  S.76W 
2.3,  S.  40  E 
5.0!   N.  60E 
9.  Oi  N.  74  E 
14. 7i  S.  35W 
6.7    N.45W 
3  0   'J    -"ifiR 

.750 

.  120 

.856 
.867 
.738 
.732 

.22 
.29 
.02 

.907 

.829 

1.000 

6.0 
13.0 
15.3 

Etitit . . . 
N.43W 
N.TJ  W 

.09 
.16 
.16 

.800 

.558 

.793 

.717 

4.3 

S.e3W 

1.47 

12 

12 

4 

2 

25 

12 

35 

35 

2 

2 

4 

25 
2 
2 
4 
2 
2 
4 
4 
2 
4 
12 
12 
4 
2 
4 

25 
4 
25 
12 
12 

25 

4 
25 

4 
12 
35 
45 
25 
12 

2 
12 
35 

2 
12 
12 

4 
12 

2 

4 
12 
25 
35 

4 

2 
12 

2 
12 

4 
25 

2 
25 

.734 

.529 
.379 
.537 
.644 
.582 
.515 
.794 
.644 
.6-28 
.636 
.  665 
.8JJ4 
.671 
.746 
.665 
.782 
.792 
.628 
.788 
.712 
.712 
.712 
.510 
.912 
.638 
.645 
.599 
.550 
.675 
.761 
.788 

.880 
.887 
.800 
.860 
.836 
.628 
.834 
.807 
.797 
.775 
.872 
.892 
.671 
.79«» 
.834 
.754 
.792 
.685 
.872 
.792 
.802 
.843 
.880 
.792 
.781 
.719 
.685 
.782 
.864 
.829 
.880 

.714 
.716 
.692 
.776 
.740 
.650 
.812 
.721 
.758 
.751 
.808 
.865 
.734 
.780 
.776 
.794 
.782 
.734 
.789 
.762 
.758 
.770 
.758 
.834 
.745 
.704 
.679 
.678 
.762 

•    /47D 

.839 

8 

W 

W..... 
NW... 
8W... 

W 

N 

NW... 

S 

N 

NE.... 

N 

N 

E 

W 

8 

NW... 
NW... 
NE... 

W 

NE.... 

W 

N  W . .. 

S 

E 

8 

W 

W 

NW... 
NW... 
NE.... 

• 

8 

SW... 

w 

8W... 
SW... 

w 

W.NW 
NW... 

W 

NW... 
NE  ... 
NE  ... 

N 

NE  ... 

W 

NE  ... 
NW... 
NW... 
NE  ... 
W  .... 
NE  . . . 

W 

NE  ... 

S 

8E  ... 
S.SW. 
W... 
W.... 
NW... 
W^  .... 
NE  ... 

s 

SW... 
NW... 
SW  ... 
SW... 
W  .... 
W.NW 
NW... 

N 

NW... 
NE  ... 
NE  ... 

E 

NE  ... 
W  .... 
NE  ... 
NW... 

N 

NE  ... 
W.... 
NE  ... 

Yt    .... 

SE.... 

S 

w .... 
E 

■nr 

N.  N  W 
NW... 
W.... 

NE  ... 

4 

2 
12 
12 

4 
45 

4 

13.7 
5.7 

12.7 
5.3 

13.7 

30.7 

South  . 
8.75W 
N.77W 
8.52W 
S.45W 
Weat.. 
N.40W 

ISI   Ui-^W 

.883 
.738 

a6 

.823 

.803 
.807 
.807 

.01 
.07 

.712 

12   94  n 

.850 

2 
2 

25 

12 
4 

12 
2 
4 
2 
4 

25 

i.&  West 
1.7    N9«W 

.843 

.887 
.899 
.859 

13.7 

22.3 

2.0 

8.7 

6.0 

N.  45  E 
N.  JOE 

N.  45  E 
N.  47  E 
Went.. 

.10 
.'2 

.804 
.829 

...*.• 

.845 

2.3    N.'WK 

.761 

5.3 
3.0 

11    0 

N.45W 
N.27W 
N.  45  E 
West   - 
N.  45  E 
We»t.. 
N*  45  E. 

.890 

.707 

.782 
.761 

4     6.0 

2    10-3 

.20 

.756 
.883 

25 

12 

4 

2 

2 

12 

12 

12 

2 

35 

24.0 
1.3 

.23 

.788 

J.  3,  South  . 

4.  Oi  S.  45  E 

2.  Oj  8.  13  E 
16. 3'  West.. 

5.7,  N.48W 
20.7;  N.45W 

5.0,  N.55W 
24. 0   N.  45  E 

.816 
.748 
.752 
.703 
.746 

^ 

.05 
.24 
.12 
.15 

.804 

.850 

4.9 

.802 

.  ouo 

.804 

.757 

N.49W 

6. 5  jft  Q 

1.45 
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Reductions  of  the  mnnthty  meteorological  regigter  of  the  twne§  tf 


TEMrttRATURX— 

FAHRENHEIT. 

TAPOR. 

BarometiT reduced  to  temperature 
of  32°  Fahr. ,  expretwed  in  United 

1 

Statei  luchei  and  decimals. 

Wet  bulb,  or 

Dry  bulb,  or 

tem- 

Ela>tidt7,iBU.8. 

Date. 

point  of 

perature  of  the  | 

iucbee  and  dtd- 

eva] 

• 

a 

)oratlon. 

open  air. 

* 

a 
1 

d 

1 

mali. 

• 

a 

* 

a 

i 

• 

9 

• 

a 

• 

a 

• 

6 

• 

a 

• 

a 

• 

3 

* 

a 

• 

8 

a  i 

d 

d 

d 

d 

• 
o. 

o. 

i 

a 

6, 

« 

5 

d 

o. 

a. 

» 

.  «• 

09 

Ok 

a 

o 

o 

a* 

o 

o 

o 

9t 

o 

s 

o 

S 
o 

t- 

c» 

2 

1867. 
Jan.       1 

o 

29.601 

29.676 

29.693 

29.657 

18 

20 

9 

19 

22 

10 

17.0 

23 

10 

.087 

.085. 054!.  on 

2 

29.665 

29.525 

29.495 

29.562 

1 

19 

12 

2 

21 

13 

12.0 

23 

2  .023 

.080.063.0! 

3 

29.501 

99.393 

29.400 

29.431 

5 

26 

18 

6 

29 

19 

lao 

:«> 

6   .043 

.  106.0?7.aS 

4 

29.560 

29.383 

29.304 

29.416 

19 

30 

27 

20 

35 

29 

28.0 

35 

17 

.092 

.  io9.mLi« 

5 

28.960 

28.810 

28.973 

28.914 

27 

32 

28 

29 

36 

30 

31.7 

36 

29 

.124 

.  129.130;.  W 

6 

29.153 

29.158 

29.285 

29.199 

28 

23 

24 

29 

25 

25 

26.3 

30 

24 

.142 

.  100|.117!.l« 

7 

29.373 

29.345 

29.314 

29.344 

21 

25 

17 

22 

28 

19 

23.0 

29 

19 

.101 

.  I0aj.07l.« 

8 

29.081 

29.095 

29.170 

29.  115 

12 

22 

19 

13 

24 

21 

19.3 

32 

10 

.063 

.095. 080.  Og 

9 

29.116 

28.992 

28.937 

29.015 

21 

24 

21 

22 

27 

23 

24.0 

28 

23 

.101 

.tt^.OSO.M 

10 

28.853 

28.874 

2a  945 

2a  891 

23 

25 

19 

24 

28 

20 

24.0 

28 

20 

.1121 

.10i».0».lll 

11 

29.121 

29.215 

29.390 

29.242 

16 

20 

12 

17 

22 

13 

17.3 

23 

13 

.078 

.085.00.  on 

12 

29.642 

29.649 

29.486 

29.592 

6 

22 

19 

7 

25 

20 

17.3 

20 

5 

.046 

.084'.0»:.«N 

13 

29.041 

29.023 

29.166 

29.077 

22 

27 

27 

23 

28 

28 

26.3 

29 

18 

.  lo: 

.  136*.  136i.  m 

14 

29.230 

29. 229 

29.108 

29.189 

23 

27 

20 

24 

29 

21 

24.7 

29 

20 

.112 

.194. 096.  m 

15 

29.360 

29.500 

29.496 

20.452 

10 

24 

14 

11 

26 

15 

17.3 

29 

11 

.057 

.  106. 071. « 

16 

29.318 

29.160 

29.098 

29.192 

22 

27 

24 

23 

29 

26 

26  0 

29 

15 

.107 

.I24.l(*ai| 

17 

29.305 

29.406 

29.561 

29.  424 

4 

7 

17 

5 

8 

18 

10.3 

26 

4 

.041 

.O48.fl83.0ffl 

18 

29.652 

29.576 

29.599 

29.606 

15 

16 

13 

16 

18 

14 

fa3 

18 

14 

.074 

.067. 057;.  W 

19 

29.493 

29.359 

29.275 

29.  .176 

3 

20 

4 

4 

22 

5 

22 

3 

.0U8 

.095.Mll« 

SO 

29.022 

28.777 

28.748 

28  849 

9 

18 

19 

10 

19 

20 

16.3 

20 

-2 

.054 

.087  osn.m 

21 

28.736 

28.863 

29.038 

28.879 

19 

26 

19 

20 

28 

20 

22.7 

28 

19 

.092 

,  ii7.ow.ig 

22 

29.244 

29.320 

29.  .386 

29.317 

17 

25 

21 

18 

27 

22 

22.3 

28 

16 

.083 

.112.101,« 

23 

29.496 

29.523 

29.599 

29.539 

19 

23 

20 

20 

25 

21 

22.0 

25 

19 

.092 

.100. 096.  (* 

24 

29.  713 

29.648 

29.631 

29.664 

19 

26 

22 

20 

28 

23 

23.7 

28 

19 

.092 

.  117.107.1(8 

25 

29.285 

28.815 

28.773 

28.958 

22 

30 

37 

23 

32 

38 

31.0 

:t8 

22 

.107 

.144. 207.  IB 

.in.ur.ig 

S6 

28.908 

29.223 

29.053 

29.061 

25 

26 

24 

26 

28 

25 

26.3 

38 

24 

.123 

27 

29.269 

29.306 

29.484 

29.353 

12 

17 

14 

13 

19 

15 

15.7 

28 

12 

.06.3 

.07l'.07l.flig 

28 

29.537 

29.464 

29.434 

29.478 

11 

18 

11 

12 

19 

12 

14.3 

20 

10 

.061 

.087. 061.  W 

29 

29  537 

29.632 

29.530 

29.566 

4 

16 

10 

5 

18 

11 

11.3 

18 

3 

.041 

.067.a57.fl« 

30 

29.709 

29.631 

29.477 

29.606 

-2 

19 

15 

-I 

21 

16 

12.0 

25 

-2 

.028 

.080.074.08 

31 

29.329 

29.288 

29.135 

29.251 

29 

38 

43 

30 

41 

45 

38.7 

45 

16 

.149 

.190.25U« 

t 

Meani — 

29.316 

29.286 

29.289 

29.297 

15.5 

23.2 

19.3 

ia4 

25.1 

20.5 

20.8 

45 

-2 

.OK 

.iod.096 

1 

.0» 

Feb.       1 

29.222 

29.231 

29.224 

29.226 

26 

37 

29 

38 

40 

31 

36.3 

49 

31 

.iml 

.181 

.137 

.13S 

2 

28.857 

28.557 

21.534 

2a  649 

29 

,38 

39 

:«) 

40 

41 

37.0 

42 

25 

.149 

.203.Sl?^W2 

3 

28.688 

28.785 

2a  963 

28.812 

29 

30 

29 

30 

32 

30 

30.7 

41 

:io 

.149 

4 

29.032 

2a  790 

28,855 

28.892 

21 

33 

35 

22 

35 

36 

31.0 

.16 

21 

.101 

.162. 191' IW 

.  la'i.mi.iss 

5 

29.072 

29.262 

29.422 

29.252 

30 

35 

30 

31 

38 

:» 

33.7 

40 

30 

.155 

6 

29.  426 

29.  579 
29.6d2 

29.639 

29.548 

27 

30 

22 

28 

33 

24 

2a3 

34 

M 

.136 

.13?.0»Llfli 

7 

29.663 

29.519 

29.595 

24 

42 

26 

25 

49 

28 

34.0 

49 

ss 

.117 

.  175.117. « 
.192.«llW 

8 

29.423 

29.239 

29.101 

29.254 

34 

41 

41 

35 

46 

43 

41.3 

48 

32 

.183 

9 

29.046 

2a  933 

29.192 

29.057 

29 

26 

19 

30 

27 

20 

25.7 

43 

20 

.149 

.  129.««!.n3 

10 

29.628 

29.842 

30.034 

29.8tt 

7 

15 

6 

8 

16 

7 

ia3 

20 

6 

.048 

.a74.o«6i.«l 

.212.168' Ml 
.182.2WlW| 

.308.3<^jg 

11  ' 

'29.941 

29.789 

29.741 

29.824 

9 

36 

:« 

10 

36 

35 

27.0 

37 

2 

.054 

12 

29.756 

29.672 

29.649 

29.692 

34 

40 

41 

36 

45 

43 

41.3 

48 

30 

.170 

13 

29.492 

29.388 

29.336 

29.405 

43 

49 

52 

45 

52 

54 

5a3 

54 

42 

.251 

14 

29.522 

29.516 

29.614 

29.551 

36 

33 

3,» 

37 

35 

33 

35c0 

54 

33 

.199 

.  162.1®.  ns 

15 

29.592 

29.510 

29.293 

29.465 

32 

32 

45 

3:{ 

34 

46 

37.7 

50 

31 

.168 

.15S.«6lSg 

16 

29.062 

29.085 

29.288 

29.152 

46 

47 

38 

48 

54 

40 

47.3 

54 

40 

.384 

.831. «ia 

17 

29.445 

29.484 

29.459 

29.463 

32 

45 

34 

34 

49 

36 

39.7 

50 

33 

.155] 

.247,1W.1« 
.SlT.SflBfig 

18 

29.304 

29.194 

29.  .321 

29.2rj 

34 

48 

38 

36 

57 

40 

44.3 

59 

33 

.170 

19 

29.487 

29.  421 

29.284 

29.397 

30 

31 

29 

32 

35 

30 

32.3 

40 

30 

.144 

.19B'.14J1.14J 

20 

29.021 

29.229 

29.314 

29.188 

27 

30 

29 

27 

32 

30 

29.7 

38 

27 

.147 

.144.1491117^ 

21 

29.  (JOB 

29.063 

29.379 

29.148 

29 

29 

29 

31 

31 

30 

3a7 

34 

30 

.137 

.I37.I4K.143 

22 

29.571 

29.567 

29.546 

29.561 

28 

28 

27 

29 

30 

28 

29.0 

30 

88 

.142 

.  I30i.l36.g| 
.186;.l«Llfl 

23 

29.127 

28.911 

28.832 

28.  957 

32 

40 

46 

,33 

43 

48 

41.3 

48 

27 

.168 

24 

29.175 

29.286 

29.425 

29.295 

31 

36 

26 

Xi 

38 

27 

32.7 

48 

27 

.151 

25 

29.450 

29^02 

29.417 

29.423 

22 

30 

24 

24 

32 

26 

27.3 

37 

22 

.095 

.144,'.  106^13 

26 

29.593 

29.682 

29.694 

29.656 

27 

40 

29 

28 

44 

30 

34.0 

44 

24 

.136 

•^^^-^s-sS 

27 

29.795 

29.736 

29.664 

29.732 

23 

46 

35 

24 

51 

37 

37.3 

54 

23 

.119 

.245.1».n^ 

28 

29.490 

29.496 

29.319 

29.4.35 

34 

47 
36.2 

44 

32.4 

35 
30.4 

52 
39.5 

46 
34.0 

44.3 

60 

33 

.183 

[as7 

.M8.W 

Meant 

29.354 

29.330 

29.359 

29.348   29.1 

34.6 

60 

2 

.  151  j.  180 

.174 

.Id 

J 

i 
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tie  northern  and  northietsUrn  lakes  at  Clexeland^  Ohio, 


TAPOR. 

WIND. 

• 

Amount  of 
clondiness. 
(0=clear 
iky.) 
(10=8ky  en- 
tirely over- 
cast) 

Amount  of  evaporation,  in 
U.  S.  inches  and  deci- 
mals. 

melted 
inches 

Humiditv. 
SaturaUon  =  1,000. 

Direction. 
From  whence. 

Velocity,  in 
miles,  per 
hour. 

-  s 

0  0 

ea 

2.0 
2.7 
8.7 
2.7 
4.0 
17.0 

ao 

1.0 

2.7 

2.7 

2.3 

2.0 

2.3 

1.3 

2.0 

12.7 

28.3 

6.0 

2.7 

5.3 

9.0 

6.0 

2.0 

1.0 

9.3 

35.0 

27.0 

10.0 

a  3 

6.7 

16,3 

4.8 

1.3 

12.3 
8.0 

14.3 
5.3 

11.7 
2.7 
6.0 

24.0 
7.0 
6.0 
6.0 

19.7 
a  3 
5.0 

26.3 
2.0 
9.0 
9.3 

16.3 

28.3 

ao 

20.7 
4.7 
1.7 

a3 

1.3 
1.3 

1.2 

• 

1 

-"I 

a 

• 

a 

a  . 

• 

a 

d 

.791 
.810 
.845 
.775 
.782 
.872 
.692 
.712 
:730 
.850 
.810 
.850 
.883 
.855 
.823 
.754 
.840 
.816 
.750 
.850 
.850 
.860 
.855 
.864 
.905 
.872 
.82:1 
.804 
.797 
.829 
.840 

• 

1 

• 

a 

• 

a 

d 
ei 

• 

a 

d 

• 

a 

id 

2 
2 
12 
3 
2 
4 
4 
3 
4 
4 
4 
8 
4 
2 
2 
3 
25 
12 
8 
2 
2 
4 
2 
2 
4 
25 
12 
2 
4 
4 
2 

• 

a 

• 

p. 

12 

12 

3 
3 
3 
3 
13 
4 
4 
4 

35 
4 
4 

12 

12 

13 

3 

2 

12 

45 

35 

4 

4 

4 

2 

• 

a 

• 

0 

3 

3 

3 

12 

35 

2 

8 

3 

3 

3 

4 

3 

2 

2 

35 

35 

2 

2 

3 

12 

2 

3 

3 

12 

35 

35 

25 

2 

12 

45 

a 

t* 

10 

6 

0 

5 

10 

10 

10 

10 

10 

3 

10 

0 

10 

10 

3 

10 

10 

10 

3 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

3 

0 

• 

a 

d 

5 

3 

0 
10 
10 
10 

6 
10 

4 
10 

6 
10 
10 
10 

0 
10 
10 
10 

0 
10 
10 

6 
10 
10 
10 
10 
10 
10 

6 

0 
10 

a 
d 

o> 

0 

0 

0 

0 

10 

10 

0 

10 

10 

10 

0 

10 

10 

10 

4 

10 
10 
4 
0 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

aSS 
< 

.845 

.721 
.712 
.665 
.537 
.610 
.746 
.655 
.738 
.644 
.655 
.721 
.622 
.883 
.775 
.754 
.775 
.777 
.682 
^738 
^45 
.768 
.761 
.746 
.768 
.794 
.768 
.692 
.845 
.682 
.712 
.738 

.786 
.661 
.757 
.721 
.722 
.835 
.736 
.753 
.745 
.791 
.788 
.747 
.877 
.833 
.791 
.798 
.789 
.776 
.743 
.829 
.823 
.820 
.817 
.827 
.854 
.839 
.775 
.818 
.743 
.741 
.823 

jj .... 

8 

8 

s 

8E. ... 
W.... 

'Vr  .... 

8 

8 

W.... 
W.... 
SB... 
SB.... 

8 

N 

8 

NW.  . 
W.NW 
SW  .  . 
NB  ... 
NW.  . 
W.... 
NW.  . 
W  .... 
SB.... 
SW.  . 

w.sw 

SW... 
SW... 

8 

8 

W  .... 

8 

8 

8 

SW.. 
W  .... 
W  .... 
NE  ... 

8 

W.... 
W  .... 
NB... 
NW.. 
NE  ... 
W.... 
SW... 
NW... 
W  .... 
SW... 
NE... 
W.NW 
W  .... 
NW... 
W  .... 
SB.... 
SW  ... 
W.SW 
SW... 

sw... 

8 

8 

Calm.. 
SS.... 

8 

8.... 

W.NW 

W...- 

8 

8 

8 

W.... 

8 

SB.... 

8 

N 

SW... 
W  .... 
NW... 
NW... 
SW... 
NB... 
W.... 
W.... 
NW... 
NB..  . 
SE.... 
SW... 
W  .... 
w .... 
SW... 

8 

8 

0 

West... 

8.  10  E. 

South . . 

South  . . 

N.87W 

West... 

8.77W 

8.67E. 

South . . 

West  .. 

8.  73W 

8.  62E 

N.58W 

N.45B 

N.82W 

8.83  W 

N.  45  W 

N.70W 

S.45W 

N.45E. 

N.77  W 

West... 

N.  45  W 

N.62W 

8.45E 

8.45W 

8.77W 

8.82  W 

S.45W 

South  . . 

South . . 

.460 

.760 

.850 

.775 

.887 

.860 
.810 

.19 
.04 

.060 
.868 



.07 

.834 
.769 

.08 

.864 
.868 

.46 

.797 

.864 

,750 

.24 

.829 
.740 
.791 

...... 

.23 
.21 

.850 
.840 
.850 
.850 

.51 
.24 
.16 

.864 

.876 
.810 
.804 

.19 
.04 

.750 

.683 

.890 

.26 

.811 

.727 

.819 

.786 

868W 

7.8 

10 
10 
10 

4 
10 

4 

0 

0 
10 

8 

4 
10 
10 
10 
10 
10 

0 

5 
10 
10 
10 
10 
10 
10 

7 

4 

0 

0 

7.3 

7.3 

2.92 

3 

2 

12 

4 

12 

12 

2 

12 

12 

25 

4 

4 

13 
2 
4 

12 
2 
4 
4 

35 

25 

4 

25 

12 

2 

4 

2 

4 

.811 

.732 

.820 
.794 
.797 
.719 
.703 
.505 
.617 
.880 
.829 
1.000 
.607 
.794 
.797 
.792 
.552 
.710 
.465 
.628 
.794 
.78? 
.782 
.750 
.811 
.794 
.677 
.653 
.660 

.788 
.824 
.890 
.900 
.794 
.738 
.768 
.833 
.850 
.769 
.797 
.833 
.805 
.893 
.921 
.820 
.802 
.820 
.890 
.890 
.890 
.883 
.850 
.880 
.754 
.890 
.807 
.843 

.777 
.845 
.858 
.852 
.802 
.775 
.715 
.783 
.873 
.792 
.863 
.747 
.813 
.864 
.869 
.741 
.768 
.696 
.771 
.895 
.822 
.851 
.831 
.830 
.762 
.817 
.776 
.800 

W-SW 

NE.  .. 
8W... 
SB.... 
SW... 
SW... 
SE.... 

SB..  : 

w^  .... 
NW.  . 

8 

S 

SB.... 
NB  ... 
NE  ... 

W 

W.... 
SB.... 
NE... 

Kb..  . 

N 

NW.  . 

8 

W  .... 

N 

NW.  . 

8 

8 

NW... 

SE  .. 
W.NW 
SB .... 
SW... 
w .... 
SB.... 
SE.... 
N ..... 
W.... 

8 

8 

SB.... 
NE... 
NE..  . 
SW... 
W  .... 
S.SW. 
NE..  . 
NE..  . 

N 

NW  .  . 

8 

NW.  . 
N.NE. 
W.NW 
W.NW 
N 

• 

8 

SE... 
W.NW 
SE.... 
8W... 

8 

SE.... 
SB.... 
NW... 

8 

8 

8 

SB... 
NE  ... 
SE 
W.SW 

w.... 

w .... 
NB  ... 
NE  ... 

N 

8 

8 

NE  ... 
nB . . . . 

w .... 
8 

0  ..... 

2 
25 

4 
4 
3 
25 
4 
4 

25 
4 
2 
12 
35 
4 
4 

35 
2 
25 
12 
12 
35 
4 

12 
4 
4 
4 
2 
2 

2 

12 

12 

35 

5 

2 

2 

2 

45 

S 

12 

2 

12 

4 

12 

35 

2 

8 

13 

3 

85 

12 

25 

2 

2 

2 

2 

2 

S.70W 
S.48B 
S.85W 
8.  45  E 
8.45W 
8.72  W 
8.45  E 
8. 45  E. 
N.38W 
N.41W 
South  . . 
South  . . 
8.45  E 
N.45E 
8.79  E 
8. 61  W 
West. . . 
8. 19W 
N.45E 
N.45E 
North  . . 
8.40W 
South  . . 
N.70W 
N.35E 
N.63W 
8.26W 
South  . . 

10 
10 
10 
10 

7 

3 

0 
10 
10 

3 

3 

6 

7 
10 
10 

0 

0 

6 
10 
10 
10 
10 
10 
10 

3 

1 

0 

8 

6.7 

0 
10 
10 
10 

0 

0 

0 
10 
10 

0 
10 

5 
10 
10 

^s 

0 

.s 

10 
10 
10 
10 
10 

0 

0 

0 
10 

6.0 

.890 

.890 
.860 
.  U93 
.863 

.21 
.08 
.39 

.872 

.898 

.890 
.777 
.791 

.22 
.58 

.802 

•••*•• 

.840 
.903 
.893 

.10 
.26 

.850 
.792 

>••••• 

.45 

.802 

.794 

1.000 

.788 

.28 

.887 
.893 

.81 

.800 
.738 

.07 

.883 

.868 

.898 

.853 

.730 

.837 

.807 

8.28W 

7.0 

a  45 
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Reductions  of  the  monthly  meteorological  register  of  the  nree}  «f 


T£MP£RATURE— 

-fahrknhht. 

TAPOL 

Barometer  reduced  to  temperature 

o{2r2P  Pahr.,  expressed  in  United 

1 

States  inches  and  decimals. 

Wet  bulb,  or 

Dry  bulb,  or  tern- 

Elasticity. in  U.S. 

Date. 

point  1 

3f 

peratu 

re  of  the 

inches  sod  dee- 

evaporation. 

open  air. 

m 

a 
J 

• 

a 

s 

a 

nials. 

• 

a 

• 

a 

• 

a 

• 

• 

a 

• 

a 

• 

a 

• 

a 

• 

a 

a 

• 

a 

a  :  8 !  s  j  s 

d 

pk 

d 

d 

* 

» 

0, 

08 

* 

a 

0, 

• 

s 

B 

(^ 

• 

a. 

a    1 

«* 

ei 

o> 

S 

0 

09 

0 

0 

0 

0 

Oi 

S 

^ 

S 

r* 

et 

a     S 

1867. 

• 

0 

0 

0 

0 

March    1 

29.108 

28.922 

2a  805 

2a  945 

40 

53 

55 

42 

56 

57 

51.7 

57 

41 

.33 1.363. 407.  2H 

2 

28.983 

29.166 

29.374 

29. 174 

35 

31 

19 

37 

34 

21 

30.7 

57 

21 

.178.  139. 0»,  IK 

3 

29.369 

29.  151 

29.021 

29.180 

18 

22 

24 

19 

24 

25 

22.7 

25 

16 

.087. 095. 117. 100 

4 

29.223 

29. 322 

29.452 

29.332 

24^ 

27 

24 

25 

29 

26 

26.7 

33 

24    .117.  I24.1U6.11S 

5 

29.630 

29.707 

29.746 

29.695 

25 

33 

25 

26 

36 

26 

27.3 

37 

24 

.123.  149. 123.  la 

6 

29.683 

29.  519 

29.318 

29.507 

23 

33 

29 

24 

35 

31 

30.0 

35 

22 

.  112.  Ifi2. 137.137; 
.  155.142LJ17.13B 

7 

29.  198 

29. 452 

29.642 

29.431 

30 

32 

26 

31 

.35 

28 

31.3 

36 

38 

8 

29.751 

29.632 

29.587 

29.657 

20 

36 

26 

22 

40 

28 

30.0 

40  i 

19 

.180!.  16i.  117.121 

9 

29.527 

29.514 

29.541 

29. 527 

27 

39 

30 

28 

42 

32 

34.0 

44 

23   .136i.  199.144.168 

10 

29.177 

28.963 

29.015 

29.052 

37 

44 

48 

39 

46 

49 

44.7 

53 

32 

.194. 262.33^. » 

11 

29. 42:1 

29.452 

29.  130 

29.402 

34 

42 

32 

,15 

42 

33 

36.7 

49 

33 

.  lai. 2671. 168- *S 

12 

29. 225 

29.  235 

29.310 

29.257 

30 

31 

3L 

31 

33 

32 

32.0 

34 

31 

.155 

.  l5l.ie,lK 

13 

29. 273 

29.285 

29.502 

29.35:1 

29 

30 

15 

1  30 

32 

16 

26.0 

33 

16 

.  149Ll44.<.74.ia 

14 

29.568 

29.615 

29.653 

29.612 

9 

18 

12 

10 

20 

13 

14.3 

33 

9 

.054.076.001  «* 

15 

29.733 

29.725' 

29.665 

29.708 

9 

27 

21 

10 

30 

22 

20.7 

32 

7 

.(&i.  ll3.10lLO» 

16 

29.458 

29.251 

29.040 

29.250 

21 

32 

28 

23 

34 

29 

2a7 

35 

27   .090|.  I55.l4e.l» 

17 

29.081 

29.225 

29.406 

29.237 

24 

25 

13 

25 

27 

14 

22.0 

30 

14  ;.  UTi.  1I2.1W7.0» 

18 

29.500 

29.  442 

29.438 

29.460 

9 

30 

20 

10 

32 

21 

21.0 

32 

6 

.054.  144. 0H6. 088 

19 

29.533 

29.522 

29.605 

29.553 

15 

37 

24 

16 

40 

26 

27.3 

41 

10 

.074.  J 81  .^06.138! 
.123.  199  .■55;.  191 

20 

29.564 

29.537 

29.454 

29.  518 

25 

39 

32 

26 

42 

34 

34.0 

42 

19 

21 

29.320 

29.239 

29.  194 

29.251 

34 

34 

32 

35 

36 

34 

35  0 

37 

34  1.1831. 170. 15&.1» 

22 

29.283 

29.337 

29.450 

29.357 

33 

37 

31 

34 

39 

33 

35.3 

39 

33 

.175.194.151.173 

23 

29.501 

29.48U 

29.  446 

29.476 

31 

40 

34 

.33 

42 

36 

37.0 

44 

33 

.  15l.2--'l.l7>.lfl 

24 

29.331 

29.212 

29.320 

29.288 

36 

39 

38 

38 

41 

39 

39.3 

45 

35 

.286. 2 12, 217.  a» 

25 

29.538 

29.6)5 

29.683 

29..612 

33 

37 

27 

32 

40 

28 

a^3 

41 

28 

.....181. 136,  l» 

26 

2i).666 

29.483 

29.193 

29.447 

25 

30 

30 

26 

32 

31 

29.7 

35 

31 

.123.144.155.141 

27 

29.041 

29.096 

29.169 

29.102 

32 

31 

27 

33 

33 

28 

31.3 

36 

28   .168.  151-136.15? 

28 

29.283 

29.308 

29.328 

29.306 

25 

37 

29 

26 

40 

30 

32.0 

42 

23  1.12:1. 181. 149U51 

29 

29.386 

29.362 

29.297 

29. 348 

26 

42 

34 

27 

46 

35 

36.0 

46 

25 

.  I29L215. 183;,ni 

30 

29.315 

29.232 

29.217 

29.255 

30 

45 

38 

32 

50 

40 

40  7 

52 

30 

.l44'.234.903i.lS^ 

31 

29.222 

29.135 

2a  913 

29.090 

37 

47 

45 

39 
27.9 

58 
1*7.4 

47 
30.4 

4&3 

57 
57 

33  i.  194,244 

,     ,      .i               : 

.2TJ.»7 

Means 

29.384 

29.359 

29.358 

29.367 

26.6 

34.8 

29.0 

31.9 

6 

.  134j.  177 

.  15?.  IS 

April      I 

2a  669 

28.938 

28.993 

28.933 

33 

45 

'42 

35 

49 

44 

42.7 

50 

33 

.162 

1       - 
.247La41.217 

2 

29.252 

29.354 

29.430 

29.345 

35 

48 

37 

37 

52 

39 

42.7 

54 

35 

.  178.982.194.218 

3 

29.520 

29.426 

29.392 

29.446 

35 

58 

51 

37 

64 

54 

51.7 

66 

30 

.178.4<H.X&^» 

4 

29.171 

29.102 

29.  078 

29.117 

55 

57 

54 

58 

61 

56 

58.3 

61 

51   i.393.412.»l.» 

5 

2a  913 

28.951 

29.059 

28.  974 

35 

39 

31 

37 

41 

33 

37.0 

42 

33  ;,  178.212. 15K1* 

6 

29.285 

29.247 

29.190 

29.241 

30 

44 

42 

32 

51 

44 

42.3 

53 

30  1.144. 196.341.  W 

7 

29.252 

29.269 

29.320 

29.280 

45 

51 

41 

47 

56 

48 

50.3 

58 

42 

.273.308;.ie6>3» 

8 

29.275 

29.370 

29.517 

29.387 

45 

47 

38 

51 

50 

40 

47.0 

57 

40 

.220.«3'.»afi5 

9 

29.597 

29.537 

29.387 

29.507 

33 

44 

39 

35 

48 

41 

41.3 

54 

3^ 

.  162. 236. 812- aa 

10 

29.185 

29.158 

29.122 

29.  I!i5 

38 

35 

37 

40 

37 

38 

38.3 

51 

,36 

.2<JC1.17».207i.W 

11 

29.280 

29. 372 

29.323 

29.325 

30 

43 

34 

32 

48 

36 

38.7 

50 

32 

.144J.2I3;.IHI5 
,139!.439!.2S«| 

12 

29.282 

29.227 

29.  210 

29. 240 

31 

57 

45 

34 

59 

47 

46.7 

61 

28 

13 

29. 312 

29.364 

29.354 

29.343 

38 

60 

52 

40 

65 

54 

53.0 

68 

37 

.203 

.45lL3fi«.3» 

14' 

29.  412 

29.320 

29.223 

29.318 

50 

71 

59 

54 

77 

63 

64.7 

77 

47 

.»« 

.678L447i.4» 

15 

29.  196 

29.118 

29.090 

29.135 

54 

57 

56 

58 

61 

59 

59.3 

63 

58 

.365 

16 

28.951 

28.978 

29.  136 

29.022 

47 

42 

40 

49 

45 

42 

45.3 

59 

42 

.397 

17 

29.323 

29.425 

29.  467 

2i).  405 

40 

53 

44 

42 

60 

46 

49.3 

63 

39 

.m 

.3101. 91^  «« 

18 

29.630 

29.553 

29.571 

29.5a'5 

.37 

48 

40 

40 

52 

42 

44.7 

54 

35 

.181 

19 

29.  430 

39.369 

29.250 

29.350 

40 

51 

50 

44 

55 

53 

50.7 

58 

38 

.195 

,32i,m2 

20 

29.098 

28.973 

29.111 

29.061 

58 

58 

46 

61 

67 

48 

5a7 

72 

48 

.443 

.3e3;.«j.« 

21 

29.187 

29.204 

29.101 

29.164 

42 

54 

49 

4.') 

58 

52 

51.7 

61 

43 

.228 

.afis 

.sntsw 

22 

28.700 

28.976 

29.180 

28. 952 

40 

42 

37 

43 

43 

39 

41.7 

54 

39 

.208 

.254 

.194.«» 

23 

29. 396 

29.448 

29.485 

29.443 

35 

40 

36 

37 

44 

38 

39.7 

50 

,14 

.17a 

.195 

ll8^» 

24 

29.423 

29.416 

29. 524 

29. 454 

38 

38 

36 

40 

40 

38 

39.3 

43 

37 

.303 

.aos;.i«.iw: 

25 

29.563 

29.432 

29.  445 

29.480 

37 

SO 

45 

40 

56 

48 

4a  0 

58 

37 

.  181 

.««i.»S 

26 

29. 403 

29.250 

29.108 

29.254 

41 

61 

51 

45 

65 

57 

55,7 

67 

39 

.305 

.483>.2«55 

27 

29.  278 

29.483 

29.488 

29.416 

40 

42 

31 

42 

47 

34 

41.0 

57 

1  34  '221 

L«».i».WJ 

28 

29.  476 

29.433 

29.305 

29.405 

30 

47 

40 

32 

52 

43 

42.3 

54 

27  1. 144 

.aw-wfi 

29 

29.214 

29.153 

29.  125 

29.164 

48 

60 

60 

51 

66 

63 

6ao 

67 

39  .39b-< 

:4»U78^g 
.4ffl.8«t» 

30 

29.167 

29.115 

29.133 

29.138 

51 
40.4 

61 

5ai 

45 
43.6 

55 
43.1 

65 
54.1 

48 
46  2 

5&0 

68 

77 

48   .321 

Means 

29.268 

29.265 

29.876 

29.268 

47.8 

27 

.336 

-320 

,361.9« 
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the  northern  and  northwestern  lakes  at  Clevdand,  Ohio. 


VAPOR. 


Humidity, 
^tnration  ^  1,000. 


a 


.839 
.807 
.845 
.872 
.876 
.868 
.893 
.721 
.883 
.816 
.898 
.893 
.«90 
.791 
.791 
.730 
.872 
.791 
.829 
.876 
.898 
.875 
.800 
-811 


.876 
.893 
.876 

.88U 
.794 
.816 


.844 


a 

0< 


.809 
.712 
.738 
.775 
.705 
.797 
.698 
.645 
.744 
.843 
I.  000 
.800 
.794 
.702 
.675 
.792 
.761 
.794 
.732 
.744 
.802 
.816 
.829 
.824 
.732 
.794 
.800 
.732 
.691 
.646 
.606 


.757 


.797 

.807 

.807 

.816 

.807 

.794 

.847 

.590 

.797 

.820 

.794 

.712 

.820 

.738 

.756 

.853 

.829 

.732 

.677 

.825 

.762 

.750 

.807 

.820  i 

.732  I 

.684  I 

.829  i 

.794 

.790  : 

.743 


.710 
.727 
.675 
.769 
.824 
.525 
.687 
.786 
.704 
.807 
.631 
.878 

.rji 
.rji 

.769 
-.762 
.599 
.727 
.743 
.550 
.756 
.916 
.677 
.820 
.627 
.783 
.6^24 
.  660 
.665 
.783 


a 

a* 


.m     .722 


.874 
.712 
.872 
.754 
.876 
.788 
.768 
.768 
.794 
.926 
.893 
.896 
.829 
.810 
.860 
.887 
.816 
.855 
.754 
.792 
.792 
.800 
.8i»2 
.907 
.883 
.893 
.883 
.  8l>0 
.898 
.830 
.847 


.836 


.836 
.816 
.802 
.872 
.800 
.836 
.494 
.820 
.824 
.905 
.802 
.847 
.867 
.776 
.819 
.829 
.843 
.829 
.798 
.850 
.794 
.816 
.811 
.811 
.777 
.634 
.712 
.750 
.831 
.777 

.799 


i 


.837 
.744 
.818 
.800 
.819 
.788 
.786 
.711 
.807 
.862 
.930 
.863 
.838 
.768 
.775 
.803 
.816 
.813 
.772 
.804 
.&31 
.837 
.810 
.847 
.808 
.854 
.859 
.833 
.823 
.753 
.756 


WIND. 


812 


.781 
.783 
.761 
.819 
.810 
.718 
.676 
.7:k 
.775 
.844 
.742 
.812 
.806 
.748 
.781 
.815 
.757 
.763 
.739 
.742 
.771 
.861 
.765 
.817 
.712 
.700 
.722 
.7X5 
.769 
.768 

.766 


Direction. 
From  whence. 


a 


8.... 
W... 
NE  .. 
W... 

w.... 

NE... 
NE  ... 
SB.... 
W.-.. 

S 

W.-.. 
NE  ... 
W.... 
W.... 

w.... 

NE  ... 
W.NW 
SW  .  . 
S.SE.. 
NE  ... 
E.SE. 
NE  ... 
NE  ... 
E.8E. 
W.... 
SE  ... 
NW. 
NW  . 
SW  .  . 
W  .... 
E.NE 


SW  . 
W.NW 

SE.. 
S.   .. 

w... 

W.  SW 
SW  . 

s 

NE  ... 
NE  ... 
N.NE 
S  .... 
SE.... 
S  ..... 
SW  .  . 
NE  ... 
NW.  . 
NE  ... 

S 

8 

W.... 
NE  ... 
NE  ... 
E  ..... 
SE.... 
8  •  •  •  • 

N 

8 

S 

SE.... 


a 


8  .... 
N.NE 
NE  .. 
W... 
W  ... 
NE  .. 
W.NW 
NE  ., 
W.NW 
8.... 
W.NW 
N.  . .. 
W... 
SW  . 
SW  . 
NE  . 
W.NW 
W... 
SB... 
NE  .. 
E.SE 
NE  .. 
NE  .. 
8  .... 
W    .. 
NE  .. 
NW  . 
W    .. 
SW  . 
w ... 
N... 


W.8W 
W.NW 
SB... 
8.... 
W... 
W.SW 
w .... 
NW. 
NE  ... 
NE  ... 
NW.  . 
NW.  . 

N 

8 

SW  .  . 
NK  ... 
NW.  . 
NE  ... 
NE  ... 
W  . . . . 
NW.  . 
NW  .  . 
NE  ... 
N.  .... 
NW.  . 
8  .... 

N 

NE  ... 
8  .... 
SW  . 


a 


8.... 
N.NE 
NE  .. 
8.... 
8.... 
NE  .. 
SB... 
SE... 
NE  .. 
W... 
NE  .. 
NE  .. 
W... 
8  -  •  • . 
8.... 
NE  .. 
W  ... 
E.... 
E.  NE 
NE  .. 

£i  . .  .  • 

NE  .. 
Calm. 
SW  . 
N.... 

SB  .. 
NW. 

o    ■      .  . 

SW  . 
Culm. 
E  .... 


Velocity,  in 
miles,  per 
boar. 


a 

• 

a 

• 

s 

ej 

d 

r- 

04 

o> 

NW  . 
8 

SB.... 

8 

W.... 

8 

8  . . . . . 

S 

NE  ... 
NE  ... 

8 

S  . . . . . 

8 

8 

SW  .  . 
N.NW 
S  . . . . . 
NE  ... 

3 

NW.  . 
NE  ... 

N 

N 

SE.... 
SB.... 

8 

8 

SB.... 

8 

NE  ... 


2 

25 

4 

4 

2 

4 

4 

2 

2 

12 

12 

12 

4 

12 

2 

4 

25 

4 

2 

2 

13 

2 

3 

2 

12 
o 

2 
2 
12 
4 
2 


12 
5 
4 

25 

13 
4 

12 
4 
2 
3 
4 
2 
3 
2 

25 
2 
2 
2 
4 
2 
2 

12 
4 
4 
2 
2 

12 
2 

25 
3 


12 
4 

12 
4 
4 
4 

25 
4 
4 

25 
2 
2 

12 
4 
2 
4 

12 
2 
4 

12 
2 
2 
4 

25 
4 
4 
4 

25 

25 
4 
2 


12 

13 

12 

12 

35 

3 

2 

2 

4 

12 

3 

4 

2 

35 

25 

13 

3 

4 

3 

13 

2 

4 

12 

2 

2 

4 

3 

13 

35 

2 


3 

25 
2 
2 
2 
2 
2 
2 
2 

25 
2 
3 

?5 
3 
3 
2 

25 
2 
2 

12 
2 
3 
0 

12 

2 
o 

25 

2 

4 

0 
o 


35 
2 

12 
3 

35 
4 
2 
2 
4 
4 
2 
2 
3 
2 
2 

12 
2 
2 
2 

12 
2 
2 
4 
2 
3 

12 
2 
3 
4 
4 


>  a 


5.3 

10.0 
6.0 
3.0 
3.3 
3.3 
7.3 
1.9 
1.7 

15.0 
4.3 
5.0 

17.0 
5.0 
1.6 
3.3 

20.3 
1.3 
3.3 
8.7 
5.3 
2.0 
2.0 

11.7 
5.3 
1.9 

10.3 
8.7 

13.7 
2.7 
1.3 


a 
o 

t 

I 
1 

& 


2.5 


12.7 
5.0 
9.3 

13.0 

24.0 
3.0 
5.0 
1.3 
3.3 
6.0 
1.0 
1.0 
1.7 
9.7 

17.3 
7.3 
1.0 
2.7 
1.7 
7.3 
1.0 
5.0 
6.3 
2.0 
0.7 
6.0 
4.0 
3.7 

31.3 
0.9 

1.9 


South  . 
N.27  W 
N.45E 
8.  13  W 
8.  rj  W 
N.45E 
N.59  W 
Eaxt  . . 
N.59  W 
S.34  W 
N.80  W 
N.39  E 
West. 
8. 71  W 
8.45  W 
N.  45E 
N.76  W 
8. 45  W 
W.57  E 
N.45E 
8.69  E 
N.  45  E 
N.45  B 
8.11  W 
N.83W 
Boat  . 
N.  45  W 
S.  8ri  W 
8.  45  W 
Went . . 
N.  .35  E 


N.88  W 


N.83  W. 
N.  74  W. 

8.45  E 
South  . . 
We^t  .. 
8. 40  W. 
S.  45  W. 
S.  40  W. 
8.45  E 
N.45E 
N.  1  B.. 
S.  67  W. 
8.  45  E  . 
South  . . 
8. 45  W. 
N.  14  B 
N.75  W. 
N.45E. 
8.16  E. 
N.72  W. 
N.43  W. 
N.22  E. 
N.37  E 
N.81  E. 
8.  45  B 
South  . . 
North. . . 
N.63E 
South  . . 
Baitt  . . . 

8. 44  W. 


Amount  of 
clnudinew. 
(0  =  clear 
ally.) 
(10 =Mlcy  en- 
tirely over- 
cant.) 


• 

a 

• 

a 

« 

• 

i>» 

CI 

7 

10 

10 

10 

10 

10 

10 

10 

10 

2 

10 

10 

10 

5 

6 

7 

6 

0 

10 

10 

10 

10 

10 

10 

10 

10 

10 

5 

0 

6 

10 

10 

10 

3 

10 

2 

0 

0 

0 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

0 

10 

10 

10 

10 

0 

0 

0 

3 

0 

0 

0 

5 

7.4 

6.7 

10 

3 

6 

0 

0 

0 

10 

10 

10 

10 

3 

9 

6 

8 

3 

10 

0 

0 

10 

10 

0 

0 

0 

0 

0 

0 

5 

10 

7 

10 

10 

10 

0 

0 

0 

0 

6 

10 

4 

4 

3 

5 

10 

10 

10 

3 

10 

10 

0 

6 

0 

3 

10 

7 

3 

2 

4 

10 

10 

5 

5.0 

&5 

a 

Q. 
9> 


10 

10 

10 

10 

10 

10 

0 

0 

10 

10 

10 

10 

0 

0 

10 

10 

0 

0 

3 

10 

10 

10 

10 

10 

0 

10 

10 

0 

4 

0 

10 


6.7 


10 

0 

0 
10 
10 

0 

4 

0 

0 
10 

0 

0 

0 

0 

0 
10 

0 

4 

3 

0 
JO 
10 
10 
to 

0 
10 

0 

0 
10 
10 

4.4 


d..:. 


% 


-••    . 

gsa 
< 


IS 

a  i  ad 


.06 

'.'49 


.32 


.12  . 
.39 


.18 


'.'41 


.80 


.15 


.12 
.10 


3.07 


.55 


.34 
.14 


05 
65 


04 
15 


.91 
.05 


.08 
.09 


.30 
3.35 
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BZFOST  OF    THE   8ECBETART   OF   WAS. 

Reduetiont  of  tiu  monUU§  mtimwalogical  regisUr  of  ike  smrvogof 


TKMFIRATURE— rAH&KBHUT. 

TAPOR. 

Barometer  reduced  to  temperature 
of  32^  Fahr.,  expressed  in  United 

States  Inches  and  decimals. 

Wet  bulb,  or 

Dry 

bulb,  or 

tern- 

Elasticity,  hi  UA 

Dat«. 

• 

point  of 

perature  of  the 

inches  and  dsei- 

• 

evaporation. 

open  air. 

• 

a 

g 

• 

a 

B 

a 

mals. 

• 

^ 

i 

a 

* 

i 

• 

a 

• 

B 

• 

a 

• 

a 

i 

a 

d 

i 

E 

E 

S 

d 

d 

d 

d 

a 

• 
Q. 

4 

a 

a 

s 

S 

a 

d 

a 

a 

• 

r- 

G9 

0k 

n 

r- 

o 

0» 
O 

r- 

e« 

o» 

s 

s 

o 

r- 

ct 

1 

1867. 

o 

o 

o 

o 

o 

o 

May       1 

29.069 

29.193 

29.203 

29.155 

38 

50 

43 

40 

54 

46 

46.7 

60 

39 

.903.308 

.838^.1^ 

2 

29.451 

21*.  5.'* 

29.563 

29.524 

35 

44 

31 

37 

49 

34 

40.0 

52 

34 

.178.223 

.ia9iifl| 

3 

29.648     29.641 

29.510 

29.600 

29 

50 

40 

30 

55 

42 

42.3 

56 

26 

.149.295 

.221 

.m 

4 

29. 358     29. 244 

29.168 

29.257 

48 

66 

60 

51 

72 

63 

62.0 

72 

41 

.996.559. 47^  44li 

5 

29.  197 

29.231 

29.234 

29.221 

58 

53 

57 

60 

58 

59 

50.0 

66 

55 

.456.290 

.439 

.VJ] 

6 

29.237 

29. 212 

29.217 

29.222 

45 

49 

42 

47 

52 

45 

48.0 

60 

45 

.973.308 

.2« 

.9M 

7 

29.203 

29.2t»7 

29.221 

29.210 

40 

48 

41 

42 

52 

44 

46.0 

56 

41 

.291.982 

.2l« 

■  w^W 

8 

29.149 

29.085 

29.061 

29.  la's 

40 

50 

42 

42 

55 

45 

47.3 

53 

41 

.29L.2»S 

.228 

.9b 

9 

29.069 

29.061 

29.053 

29.061 

45 

56 

50 

49 

64 

53 

.'&5.3 

68 

49 

.947.343 

.331 

.306 

10 

29.180 

29.  176 

29.199 

29.185 

50 

56 

50 

52 

63 

53 

56.0 

68 

48 

.334.3561. 321 1.3a( 

11 

29.312 

29.402 

29.372 

29.362 

44 

60 

49 

47 

66 

53 

55.3 

71 

43 

.949.438 

:SStS 

12 

29.450 

29.429 

29.380 

29.417 

46 

55 

52 

49 

62 

55 

55.3 

65 

42 

.271.340 

13 

29.129 

29.006 

2&90e 

29.014 

50 

64 

56 

52 

67 

60 

59.7 

72 

49 

.334.556 

.45^.449 

14 

28.939 

29.009 

29.014 

2a  987 

47 

46 

44 

49 

49 

46 

48.0 

60 

46 

.297.27lL282i.afll 

15 

28.892 

29.016 

29.109 

29.004 

44 

51 

48 

46 

55 

51 

50.7 

57 

44 

.963.39lL296i.fl9l 

16 

29. 166 

29.101 

29.197 

29.155 

44 

55 

49 

47 

60 

51 

52.7 

63 

43 

.949.  367(321 

pSUi 

17 

29.260 

29.395 

29.470 

29.375 

48 

50 

46 

50 

55 

49 

51.3 

58 

45 

.309. 295).  271 

18 

29. 573 

29.555 

29.505 

29.544 

45 

60 

50 

47 

64 

53 

54.7 

70 

'M 

.960.465.321 

.jm 

19 

29.440 

29.327 

29.207 

29.325 

13 

53 

48 

50 

63 

50 

54.3 

61 

46 

.9B3.27OU309 

.S3 

20 

29.185 

29.265 

29.190 

29. 213 

50 

47 

48 

53 

49 

5ao 

58 

47 

.984.321 

.297 

.an 

21 

28.884 

28.723 

28.737 

28.781 

53 

56 

53 

55 

59 

55 

56.3 

64 

47 

.376   4091.376 

.311 

22 

28.653 

28.864 

28.952 

2a  823 

44 

45 

43 

46 

47 

45 

4a  0 

55 

45 

.962.273 

^251 

.« 

23 

28.997 

29.061 

29.126 

29.061 

42 

45 

44 

44 

48 

46 

46.0 

50 

42 

.94l.2fi0L28ilSij 

24 

29.260 

29.219 

29.214 

29.231 

44 

58 

54 

47 

67 

57 

57.0 

70 

42 

.249.363 

L379L3» 

25 

29.136 

29.016 

29.128 

29.093 

50 

59 

52 

53 

62 

55 

5a7 

65 

47 

.3211.4601. 349137^ 

26 

29.170 

29.220 

29.  .302 

29.231 

47 

57 

49 

50 

63 

51 

54.7 

69 

47 

.983.396 

.321 

■3 

27 

29.  .370 

29.417 

29.365 

29.384 

45 

59 

51 

47 

59 

51 

52.3 

63 

40 

.973.500 

.374 

taa 

28 

29.270 

29.135 

29.118 

29.174 

48 

70 

59 

51 

77 

63 

63.7 

79 

40 

.296.639 

.447 

.4S7 

29 

29.208 

29.173 

29.334 

29.238 

64 

64 

56 

67 

70 

59 

65.3 

75 

59 

.556.5161409 

.m 

30 

29.400 

29. 349 

29.346 

29.365 

51 

60 

51 

54 

66 

55 

5a3 

T3 

58 

.335.438 

.381 

.s 

31 

29.494 

29.504 

29.440 

29.479 

48 
46.0 

55 

54.9 

49 
48.6 

51 
48.4 

60 
59.6 

53 
51.3 

54.7 

67 
79 

46 

.996 

^.367].  3951 311 

Mmuu  .  .. 

29.217 

29.219 

29.221 

29.219 

53.0 

28 

.986 

.372 

.3l6.3e 

J«De      1 

29.402 

29.536 

29.118 

29.358 

50 

70 

66 

53 

75 

70 

6ao 

77 

47 

.391 

..  606 

.892 

.floa 

2 

2a  975 

28.905 

28. 912 

2a  931 

62 

67 

63 

65 

72 

66 

67.7 

80 

65 

.  516 .  585 

[5361519 
1426.431 

3 

28.955 

28.990 

29.104 

29.016 

56 

61 

57 

60 

66 

60 

62.0 

70 

59 

.396.470 

4 

29.219 

29.223 

29.241 

29.228 

53 

67 

61 

56 

73 

65 

64.7 

75 

53 

.363.581 

.483 

U4W 

5 

29.364 

29.391 

29.311 

29.355 

54 

70 

65 

57 

77 

69 

67.7 

82 

55 

.  378,.  639 

.564 

.SR 

6 

29.283 

29.232 

29.245 

29.253 

63 

79 

71 

66 

90 

76 

77,3 

95 

63 

.536   977 

.691 

.73S 

7 

29.278 

29.260 

29.263 

29.267 

66 

76 

65 

70 

82 

70 

74.0 

ftS 

67 

.586.6(6.550 

.eu 

8 

29.338 

29.388 

29.381 

29.369 

61 

60 

58 

64 

69 

62 

65.0 

74 

63 

.497.. 198!.  429.441 

9 

29.468 

29.426 

29.421 

29.438 

59 

65 

57 

62 

72 

61 

65.0 

76 

57 

.460.5241.412.46 

10 

29.472 

29.423 

29.408 

29.434 

55 

76 

64 

59 

74 

68 

67.0 

82 

5:1 

.380....L543.4fl 

11 

29.428 

29.378 

29.308 

29.371 

60 

75 

71 

64 

85 

74 

74.3 

87 

59 

.465.  733. 718. Oi 

12 

29.358 

29.378 

29.398 

29.378 

67 

73 

67 

70 

79 

70 

73.0 

86 

70 

.629.  730*,.  692.6a 

13 

29.445 

29.420 

29.415 

29.427 

64 

70 

68 

67 

79 

71 

:2L3 

83 

62 

.556.6l9l644,flOi 

14 

29.391 

29.347 

29.315 

29.351 

65 

76 

71 

69 

87 

77 

n.7 

91 

66 

.564.74^.67E.flB3 
.599.704. 693.  «B 

15 

29.253 

29.225 

29.210 

29.229 

66 

7! 

70 

69 

75 

73 

72.3 

78 

68 

16 

29.323 

29.308 

29.335 

29.322 

68 

70 

67 

71 

78 

71 

73.3 

83 

69 

.644.  625. 608. 6« 

17 

29.371 

29.257 

29.237 

29.288 

1.61 

78 

73 

65 

87 

78 

7a  7 

89 

63 

.  4831.  836i.  7441  ABB 

18 

29.400 

29.443 

29.501 

29.448 

64 

70 

64 

67 

77 

67 

70.3 

80 

67 

.556.  6391 556.591 
.496.476J.46Si.4Sfi 

19 

29.528 

29.548 

29.513 

29.530 

57 

64 

60 

60 

73 

64 

65.7 

77 

57 

20 

29.461 

29.473 

29.448 

29.461 

56 

70 

64 

60 

74 

68 

67.3 

74 

56 

.396.679:543.538 

21 

29.441 

29.663 

29.445 

29.516 

59 

70 

65 

62 

75 

69 

68.7 

77 

59 

.460.  6661. 5641  Sq 
.529. 6771. 731.  MS 

22. 

29.428 

29.412 

29.  .385 

29.408 

63 

72 

72 

67 

80 

76 

74.3 

82 

63 

23 

29.370 

29.335 

29.278 

29.328 

68 

73 

71 

71 

79 

75 

75.0 

83 

67 

.644.  7301. 704. « 
.644.  679'.  7U4. 679^ 

24 

29.  243 

29.277 

29.155 

29.225 

68 

71 

71 

71 

77 

75 

74.3 

85 

67 

25 

29.  135 

29.120 

29.165 

29.140 

70 

71 

70 

73 

79 

74 

75.3 

80 

69 

.6B3.651.679<.fi«l 

26 

29.253 

29.272 

29.280 

29.268 

68 

75 

66 

71 

83 

71 

75.0 

84 

66 

.644.760.57^ 

itm 

27 

29.240 

29.204 

29.245 

29.296 

70 

75 

72 

73 

86 

78 

7a3 

86 

C7 

.693. 7191.731 

.714 

28 

29.423 

29.498 

29.478 

29.466 

66 

70 

63 

74 

77 

67 

72.7 

77 

67 

.604.631^ 

.522 

.981 

29 

29.501 

29.408 

29  338 

29.416 

60 

72 

69 

64 

79 

74 

72.3 

80 

60 

.465 

.690 

.641 

,  jBH 

30 

29.285 

29.152 

29.166 

29.202 

71 
61.7 

80 
71.2 

76 
66.6 

75 
65.8 

89 

82 

82.0 

92 
95 

70 
47 

.TOt 
.597 

.9111 

.816.8071 

Meani .  . . 

29.334  1 

29.  .330 

29.301 

29.322 

7a  3 

7a9 

7L6 

.674 

.6131 

«B 
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WW  vfwr  VI 

9%%^W  9VV« 

v«»v»v.  rm 

»«»v»^v    vw 

'--7 

^rrwp^ 

w 

r 

• 

VAPOR. 

WIKD. 

Amount  of 
cloudinera. 
(0  =  clear 
i»ky.) 
(10  =  Mky  en- 
tirely over- 
cast 

0*0 

o 

la 
u 

gPE 

< 

|1 

Humidity.      . 
SitturaUoo  =  1,000. 

Direction. 
From  whence. 

Veloeity,  in 
miles,    per 
hour. 

Si 

a  m 
ee  » 

• 

a 

t 

0 

a 

• 

d 

• 

S 
d 

• 

§ 

S 

• 

a 
d 

• 

S 
e. 

• 

a 

r- 

25 

4 

2 

12 

2 

13 

2 

25 

2 

9 

2 

4 

12 

12 

4 

4 

13 

9 

2 

25 

25 

25 

25 

2 

12 

2 

2 

2 

2 

4 

4 

• 

a 

• 

« 

13 

3 

35 

25 

2 

12 

4 

23 

4 

12 

4 

12 

4 

12 

4 

4 

4 

2 

4. 

12 

12 

45 

12 

4 

25 
4 
13 
12 
4 
2 
2 

• 

a 

• 

a 

• 

• 

a 

• 

a 

a 

• 

a 

3 

0 

4 

10 

10 

10 

10 

0 

10 

0 

0 

7 

10 

10 

10 

4 

0 

5 

10 

iss 

< 

.820 
.807 

.738 
.638 
.681 
.712 
.592 
.794 
.727 
.681 
.575 
.619 
.685 
.612 
.841 
.781 
.743 
.708 
681 
.780 
.470 
.7!»8 
.819 
.847 
.777 
.550 
.828 
.670 
1.000 
.689 
.704 
.685 
.708 

.767 
.712 
.899 
.831 
.878 
.762 
.756 
.762 
.798 
.798 
.733 
.805 
.880 
.843 
.790 
.859 
.781 
.798 
.856 
.853 
.869 
.840 
.843 
.812 
.805 
.859 
1.000 
.776 
.819 
.743 
.733 

.775 
.752 
.800 
.778 
.783 
.801 
.771 
.  757 
.694 
.739 
.730 
.733 
.861 
.826 
.792 
.780 
.773 
.785 
.704 
.834 
.852 
.643 
.819 
.711 
.810 
.772 
.949 
.752 
.788 
.743 
.747 

N.NW 
W.... 

8 

8 

8 

W.NW 
NW.  . 

N 

NW  .  . 
NW.  . 
W.... 
NE  ... 
8E.... 
W.SW 
W.NW 

Yf  .... 

W.NW 
N.NW. 

8 

NE  ... 

OTi.  ... 

w.... 
w.... 

SE.... 

8 

N 

NE  ... 
E.NE 
SW  . . 
W.NW 
N   .... 

NW.  . 
NW.  . 
NE  ... 

O    •  •  •  ■  • 

8  .... 
W.NW 
NW.  . 
NW.  . 
NW.  . 
W.NW 
W.NW 
NE  ... 

S 

xf  . . . . 
AV  . . . . 
W.byN 
W.NW 
W.NW 

E 

NE  ... 

VT     .  .  .  . 

8 

NE  ... 

S 

8 

Calm.. 

N 

N 

W... 
NW.  . 

8 

8 

W.... 

8 

8 

S 

N 

8 

NE  ... 

25 
2 
2 

35 
3 
0 

13 
4 
3 
2 
3 
2 
4 
2 
2 
2 
2 
2 

12 

•  •  •  • 

35 
45 
2 
2 
2 
2 
2 
2 
4 
25 
2 

18.0 

2.0 

8.7 

24.0 

2.0 

8.0 

5.7 

16.7 

2.7 

5.0 

1.7 

5.0 

4.3 

8.0 

2.3 

2.7 

5.7 

1.0 

4.7 

12.3 

24.0 

38.3 

12.7 

2.3 

13.0 

1.3 

5.3 

4.3 

3.0 

9.0 

1.3 

5.5 

1.0 
8.7 
5.3 
3.0 
2.7 
1.0 
1.3 
5.3 
1.7 
3.0 

28.3 
8.3 
0.7 
5.3 

16.3 
1.0 
8.7 
9.7 

o 

N.54W. 

S.82W. 
N.49E. 
South . . 
South  . . 
N.68W. 
N.  15  W. 
N.21W. 
N.58W. 
N.  61  W. 
8.82W. 
N.51  E. 
8.  20E. 
8. 74  W. 
S.86W. 
8. 82  W. 
N.61W. 
N.78W. 
N.63E 
N.  45  E. 
8.  45E 
WeHt... 
N.85W. 
8.11W. 
South . . 
North.. 
N.45B 
N.41  E. 
N.  81  W. 
N.  12  W. 
N.12W. 

10 
10 

0 

4 
10 
10 
10 
10 

0 

6 

0 

0 

7 
10 
10 

0 

7 

0 

8 
10 
10 
10 
10 

0 
10 

7 

3 
10 

3 
10 

0 

6.3 

3 
10 
10 

3 

0 

0 

4 

6 

0 

0 

6 
10 

0 

0 
10 
10 

0 

5 

0 

7 

0 

0 

0 
0 
10 
4 
5 
0 
0 

0 
0 
2 

10 
5 
7 
6 
5 
0 
3 
0 
3 

10 

10 
3 

10 
8 
0 

10 

10 

10 

10 

10 
5 

10 
0 

10 
6 
5 
6 
3 

&7 

3 
10 

9 

7 

0 

0 

9 

5 

0 

4 

7 

3 

1 

6 
10 

2 

6 

3 

0 

9 

0 

0 

6 

9 

6 

0 

7 

3 

2 

4 

.76 

.890 

.790 

.880 
.847 

.829 

.19 
.21 
.02 

.710 

.861 

.772 

.781 

.861 
.853 
.843 
.772 

.58 
.49 
.27 

.856 

.777 

.786 

.850 

.23 

.869 

SE.... 
W  .... 
W.NW 

SW  . . 

8 

N 

NE  ... 
NE  ... 
W.... 
W.... 
N.NW 

SB.... 
VT  .... 

SW  . . 

8 

8 

8 

NE  ... 
W  .... 
NW.  . 

N 

8 

10 
10 

5 

0 
10 

0 
10 
10 
10 

5 

0 

6.1 

6 

3 

0 

0 

5 

3 
10 

0 

0 

0 

9 
10 

4 

3 
10 

0 
10 

0 

0 

0 

0 

0 

0 

0 

3 

5 

4 

0 

0 

3 

.843 
.836 
.772 

.798 



.46 

1.05 

.12 

.786 
.847 

.13 

.790 
.841 
.802 

.35 
.16 

.790 

.819 

.714 

.812 

.782 

N.23W. 

5i09 

2 

2 

12 

4 

2 
2 
2 
4 
4 
2 

25 
3 
2 
2 

12 
2 

13 
4 
2 
3 
4 
2 

12 
4 
2 
2 
2 
4 
3 

13 

2 
25. 

2 

4 

4 

2 

4 
12 

5 
12 
35 

2 

3 
12 
35 

2 
12 
25 

4 

4 

4 

4 

2 

4 

4 

4 
12 

4 

4 
35 

4 

2 
5 
3 
4 
2 
3 
0 
3 
2 

25 

25 
2 
2 

12 
0 
2 

'0 
2 
0 
3 
0 
0 
2 
2 
3 

13 
3 
4 

12 

.798 
.836 
.765 
.809 

.768 
.758 
.735 
.716 
.689 
.955 
.747 
.564 
.668 

.'609* 

.738 

.618 

.812 
.653 
.652 
.689 

1  Dot) 
.810 
.768 
.661 
.738 
.731 
.657 
.673 
.579 
.689 
.697 
.660 

.586 
.838 
.822 
.783 
.796 
.771 
.551 
.772 
.769 
.793 
.8.% 
.848 
.850 
.731 
.854 
.802 
.776 
.841 
.780 
.793 
.796 
.815 
.812 
.812 
.810 
.754 
.815 
.790 
.764 
.747 

.717 
.811 
.774 
.769 
.766 
.855 
.699 
.723 
.755 
.777 
.748 
.811 
.770 
.704 
.837 
.768 
.737 
.790 
.730 
.789 
.797 
.755 
.800 
.798 
.774 
.750 
.749 
.733 
.717 
.740 

NW.  . 

8 

SW.  . 
S    .... 
8  E.  . . . 
8.  SB  . 

8 

NB  ... 
NE  ... 

8 

8 

S.  SW. 

N 

8 

8 

W.... 

8 

W.... 

8 

E.  SE. 
NB  ... 

8 

8 

8.SE  . 
8.  SB  . 
W.... 

8 

W  .... 

8 

8W  .  . 

N-NW 

^n   .... 
W.NW 
SW  .  . 
NE  ... 
NW     . 
N.NE. 
NE  ... 

N 

N.NE. 

8 

W.NW 

N 

8.  8W. 

8 

N 

8 

W.byN 

N 

NE  ... 
N.NE. 
NW. 
NB  ... 
NE  ... 
NE  ... 
W.NW 

Yf  .... 

N 

N 

W.SW 

8 

8 

W.NW 

8 

NB  ... 

8 

NE  ... 
Calm.. 

8 

8 

S 

N 

8 

SW.  . 

8 

Calm.. 

8 

Calm.. 

8 

Calm.. 

N 

Calm.. 
Calm.. 

N 

8 

8 

W.SW 

8 

8 

W^ .... 

8. 75  W. 
8.80W. 
8. 68  W. 
8.  18W. 
N.61E. 
8. 12'W. 
N.40E. 
N.45E 
N.34E 
N.31  E. 
South . . 
N.  5  W 
North . . 
8. 22  W. 
South . . 
N.45W. 
South . . 
N.81W. 

•  •  •  • 

.34 
.39 

.812 

.838 

.799 

.833 

.828 

.761 

.780 

.848 
.841 
.796 

.32 

.47 

.846 
.850 
.783 

.13 
.10 

.841 

.622 

.765 

1.7 
3.3 
1.0 
3.7 
1.7 
1.3 
2.0 
8.0 
1.7 
0.7 
15.7 

N.67E 
N.27E 
N.  75  W. 
S.7E.. 
N.77E. 
8.75  E 
8.8  W. 
8. 15  W. 
N.23W. 
South  . . 
S.67W. 

.828 

.790 

.850 

.850 

.854 

.850 

.854 

.720 
.780 

.10 

.813 

.794 

.697 

.784 

.765 

2.2 

8.37W. 

3.5 

4.6 

3.8 

L84 
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Reductions  «f  the  monthly  meteorological  remitter  of  the  ttitcf  oj      I  k 


TEMPERATUBE— rAHREHHEIT. 

TAPOR. 

Barometer  reduced  to  temperature 
of  32°  Pahr., expressed  in  United 

1 

1 

States  inches  and  decimals. 

Wet  bulb,  or 

Dry  bulb,  or  tem- 

Elasticity, in  U.S. 

Date. 

point  of 

perature  of  the 

inch  et  and  deci- 

evaporation. 

open  air. 

• 

e 

s 

a 

• 

a 

a 

malrt. 

• 

S 

• 

S 

• 

a 

• 

• 

a 

• 

a 

• 

a 

• 

a 

• 

6 

• 

e 

• 

a 

• 

a 

E 

e     c; 

• 
48 

• 

a 

d 

• 

a 

• 

d 

• 

a 

6, 

cS 
1* 

a 

d 

• 

& 

t  i 

r» 

e< 

o» 

S 

o 

0 

o 

o 

0 

o 

S 

o 

o 

r* 

e« 

a 

X 

1867. 

o 

! 

July       1 

29.278 

29.312 

29.308 

29.299 

65 

70 

66 

69 

76 

69 

71.3 

83 

69 

.564 

.652.S99i.fi>5. 

2 

29.361 

29.312 

29.315 

29.329 

61 

71 

72 

65 

79 

76 

73.3 

81 

63 

.483.6.511.731-8^1 

3 

29.308 

29.274 

29.232 

29.271 

69 

76 

73 

72 

84 

77  1  77.7 

86 

72 

.668.7^9.737,738 

4 

29.192 

29.1.54 

29.135 

29.160 

71 

71 

70 

75 

77 

73 

75.0 

86 

73 

.7m.67el.693j.69S 

5 

29.  190 

29.130 

29.084 

29.135 

69 

72 

71 

72 

78 

74 

74.7 

81 

71 

.efie.704{.7ie,fflj' 

6 

29.155 

29.202 

29.258 

29.205 

69 

71 

69 

72 

77 

73 

74.0 

79 

72 

.668. 678!.  as.  «7 

7 

29.280 

29.300 

29.338 

29.306 

70 

75 

68 

74 

80 

72 

75.3 

81 

68 

.6791. 800!.  631.  TOJ, 

8 

29.411 

29.398 

29.423 

29.411 

60 

66 

66 

63 

75 

69 

69.0     76 

61 

.478.519.599.532 

9 

29.428 

29.481 

29.453 

29.454 

60 

65 

61 

62 

70 

64 

65.3 

71 

61 

.4911. 550.  «?7t.  513 

10  ,  29. 494 

29. 431 

29.345 

29.423 

54 

66 

68 

57 

74 

71 

67.3 

76 

53 

.378.532.644.518 

11  1  29.320 

29.272 

29.258 

29.283 

67 

75 

70 

73 

85 

73     77.0 

86 

73 

.581.733L(W1.6® 
.SW.  5*31.516. 527 

12 

29.325 

29.325. 

29.491 

29.380 

63 

64 

62 

67 

68 

65     66.7 

78 

65 

13 

29.496 

29.505 

29.533 

29.511 

60 

65 

61 

m 

70 

64  1  65.3 

71 

60 

.  49 1 L. 551^.  497. 51 J 

14  !  29.523 

29.480 

29.468 

29.490 

58 

70 

71 

62 

79 

74     71. 7 

81 

56 

.429.6l2'.7ie.58^ 

15     29.375 

29.342 

29.348 

29.355 

65 

70 

67 

69 

74 

70     71.0 

80 

66 

.543.679.e2i.6l5i 

16  !  29.455 

29.475 

29.471 

29.467 

61 

67 

61 

66 

70 

65     67.0 

74 

63 

.470. 622. 4(3. 5251 

17  I  29.536 

29.508 

29.491 

29.512 

59 

63 

62  ;  63 

71 

67     67.0 

71 

54 

.447.4tfi;.4«.4ffi 

18  !  29.521 

29.475 

29.466 

29.487 

58 

66 

62  ,  60 

72 

66     6&0 

72 

56 

,456.559.503.506 

19 

29.438 

29.443 

29.436 

29.439 

59 

70 

58 

61 

75 

62 

66.0 

76 

58 

.4rj.666.4».55ii 

20 

29.481 

29.465 

29.401 

29.  449 

61 

70 

65 

63 

74 

67 

68.0 

74 

57 

.510. 679. 591- 5» 

21 

29.375 

29.338 

29.253 

29.322 

66 

72 

68 

68 

79 

72 

73.0 

79 

62 

.612. 690.631. 644 

22 

29.255 

29.255 

29.215 

29. 242 

66 

76 

69 

69 

81 

75     75. 0 

81 

63  !.599.d«.e«.e© 

23 

29. 280 

29.300 

29.315 

29.298 

65 

77 

69 

70 

81 

74     75w0 

82 

66    .550. 873. 641. fte 

24 

29.323 

29.309 

29. 244 

29.292 

68 

79 

75 

73 

84 

81  .  79.3 

84 

68 

.618.92L>.:e7.7» 

25 

29.210 

29.139 

29.  110 

29.153 

74 

76 

70 

76 

83 

76     78. 3     85 

74 

.812.802.634.755 

26 

29.145 

29.180 

29.208 

29.  178 

68 

71 

69 

72 

76 

73 

73.7 

78. 

73 

.« 1. 691. 655.65? 

27 

29.208 

29.194 

29.164 

29.189 

66 

71 

72 

69 

78 

78 

75.0 

81 

67 

.599.664.704,656 

28 

29.  180 

29.12J» 

29.148 

29.152 

73 

78 

70 

76 

6^ 

73 

78.0 

86 

73 

.77I|.863.e».776 

29 

29.320 

29.  410 

29.431 

29.387 

65 

64 

62 

68 

70* 

65 

67.7 

75 

65 

.577. 516. 316, 356 

30 

29.498 

29.518 

29.476 

29.497 

65 

62 

61 

68 

70 

64 

67.3 

71 

,V> 

.577L449.49T,3C 

31 
Meani . .  . 

Aug.      1 

29.396 

29.338 

29.265 

29.333 

57 
64.2 

61 

70 
70.3 

67 
66.9 

61 
67.6 

65 

77     70 

69.3 

78 
86 

58 

5;) 

.4l2.639.&a.55? 

1 

29.347 

29.335 

29.325 

29.^ 

76.5 
74 

70.7 
70 

71.6 

.563.662 

.leiflfiii 

29.221 

29.178 

29.128 

29.176 

70 

67 

69.7 

76 

63 

.483.67S 

■  1 

2 

29.155 

29.248 

29.290 

29.231 

63 

70 

65 

66 

75 

69 

70.0 

75 

66 

.536. 6661. 564^  30' 

3 

29.395 

29.458 

29.468 

29. 440 

62 

66 

64 

65 

73 

68 

6a7 

73 

65 

.516. 345. 541.  Sa 

4 

29.531 

29.  &J2 

29.518 

29.527 

60 

71 

68 

64 

79 

72 

71.7 

80 

59 

.465.651.631.583 

5 

29.560 

29.550 

29.500 

29.537 

64 

71 

70 

67 

80 

73 

73.3 

82 

63 

.5.V5.637.693.fiaj 
.564.8U*.73LwfiW 

6 

29.490 

29.454 

29.467 

29.470 

65 

76 

72 

69 

83 

76 

76.0 

84 

67 

7 

29.460 

29.434 

29.412 

29.435 

68 

70 

68 

71 

70 

74 

71.7 

80 

68 

.644. 733!.  604,  •» 

8 

29.420 

29.304 

29.332 

29.352 

68 

70 

71 

72 

79 

75     75. 3 

80 

68 

.63I.6l2i.704.«i' 

9 

29. 348 

29.347 

29.327 

29.374 

65 

74 

72 

69 

79 

77     75. 0 

80 

67 

.564.772'.71fe«' 

• 

10 

29.525 

29.450 

29.468 

29  481 

68 

70 

62 

71 

75 

72  i  72.7 

78 

72 

.644. 666. 48i.  577 

11 

29.520 

29.552 

29.453 

29.506 

72 

68 

65 

75 

76 

71     70. 7 

76 

63 

.744.577.53r,«I« 

12 

29.386 

29.292 

29.124 

29.267 

60 

71 

74 

63 

80 

79     74.0 

81 

62 

.438. 637. 774.  «5 

13 

29,145 

29.120 

29.  168 

29.144 

71 

72 

69 

76 

77 

72 

75.0 

80 

72 

.691!.  718. 688,  g 

14     29.300 

k9.465 

29.385 

29.383 

65 

67 

64 

69 

73 

68 

70.0 

74 

67 

.  54o,.  ^oi .  jH.s* 

15     29.421 

29.405 

29.388 

29.405 

62 

67 

65 

65 

74 

70 

69.7 

74 

62 

.5liJ.58B>55flL>«5 

16 

29.358 

29  318 

29.275 

29.317 

65 

6S 

70 

70 

76 

73 

73.0 

77 

63 

.55U'.577'.fl5ai.«2 

17 

29.255 

29.187 

29.  129 

29.190 

61 

75 

75 

65 

82 

82 

76.3 

85 

62 

.483lTJ3L773l«« 
.  664.  TOl.  714711 

18 

29.214 

29.243 

29.  194 

29.217 

71 

77 

72 

78 

89 

78 

81.7 

89 

75 

19 

29.330 

29.342 

29.328 

29.3:}3 

65 

70 

69 

68 

76 

72 

72.0 

79 

68 

.537.6».fMf.6M 
.62£.5aS.543[.S7 

.443j.38ll.5«lf.» 
.456!.  63*.  all.  5711 

20 

29.338 

29.372 

29.365 

29.:i65 

67 

67 

64 

70 

72 

68 

7a  0 

73 

68 

21 

29.476 

29.330 

29.2fe5 

29.364 

58 

67 

65 

61 

Ti 

69 

67.7 

73 

60 

22 

29.268 

29.238 

29.222 

29.243 

58 

70 

66 

60 

74 

70 

68.0 

75 

60 

23 

29.196 

29.  160 

29.142 

29.166 

60 

70 

72 

62 

78 

77  1  72.3 

79 

GO 

.491 

.629^.718 

Ml 

24 

29.228 

29.308 

29.360 

29.299 

70 

66 

65 

73 

74 

68  ,  71.7 

78 

68 

.693 

Isaaisn 

.m 

25 

29.471 

29.465 

29.458 

29.465 

60 

67 

64 

62 

71 

67 

66.7 

72 

57 

.491 

.602.396 

•S 

26 

29.436 

29.368 

29.3.38 

29.381 

59 

70 

71 

62 

75 

75 

70.7 

77 

60 

.46*» 

61^  7M 

.^ 

27 

29.318 

29.  199 

29.144 

29.220 

67 

75 

76 

70 

84 

79 

77.7 

86 

69 

.629 

.746;.  851 

■2J 

28 

29.135 

28.919 

29.162 

29.072 

70 

72 

70 

76 

79 

74 

76.3 

80 

74 

.652 

.69b. 679 

.CI 

29 

29.213 

29. 260 

29.331 

29.268 

61 

65 

59 

66 

73 

63 

67.3 

75 

61 

.47U 

.510.447 

.!» 

30 

29.494 

29.556 

29.  ^l 

29.530 

52 

57 

52 

57 

65 

57 

59.7 

fi6 

56 

.323 

.3SB 

.39 

.St 

31 
Means..  . 

29.424 

29.248 

29.181 

29.284 

49 
63.4 

61 
69.3 

60 
67.3 

53 
67.1 

70 
7C.1 

64 
71.3 

62.3 

70 

49 

.295 

.541 

.416 

.465 

s 

29.356 

29.332 

29.319 

29.336 

71.5 

89 

49 

.6I8.5» 
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the  northern  and  nortkwettern  lakes  at  Cleveland,  Ohio, 


VAPOR. 

WIND. 

Amount  of 

cloudineKii. 

(0=clear 

is 

m  Z 

V.  a 
o  — 

melted 
inchei 

Humidity. 
Sataration  — 1,000. 

Direction. 
From  whence. 

Velocity,  in 
mlleM,  per 
honr. 

H 

•So 

li 

U 
gl 
«5 

3.0 
1.0 
8.7 
2.7 
3.7 
5.0 
6.0 
3.0 
7.3 

a7 

18.0 
9.3 
4.0 
7.3 

19.0 

a3 

8.7 

a7 
a3 

0.0 
8.0 
1.0 
0.7 
1.7 
1.3 
6.0 
1.0 
8.0 
7.3 
07 
1.3 

0.6 

6.0 
8.7 
0.7 
3.0 
1.7 
1.3 
0.7 
1.7 
0.7 

• 

% 

I 

1 
1 
& 

■ky.) 
(10=iiky  en- 
tirely over- 
cast) 

• 

• 

S 

• 

• 

a 

• 
3» 

• 

1 

• 

a 

• 

a 

a 

• 
a 

• 

a 

4 

3 

4 
4 
3 
4 
13 
4 

13 

13 

35 

13 

3 

4 

35 

35 

3 

3 

3 

3 

3 

3 

3 

2 

4 

4 

3 

25 

12 

0 

4 

• 

a 

• 

a 

CI 

3 
2 
4 
4 
4 

18 

12 

12 

12 

12 

12 

4 

12 

12 

25 

3 

25 

2 

12 

2 

4 

2 

4 

2 

2 

12 

8 

13 

13 

3 

3 

• 

a 

• 

a 
a> 

0 
3 
3 
0 
3 
3 
3 
3 
3 
3 
4 

13 
3 

18 
4 
0 
8 
0 
3 
0 
3 
3 
4 
3 
3 
3 
4 

13 
2 
2 
3 

• 

a 

r* 

3 

0 
10 

7 

6 
10 

8 

0 

4 

7 

0 
10 

0 

5 

6 

0 

0 

6 

7 

0 

0 

0 

0 

0 

6 
10 

0 
10 

3 

0 

6 

4.0 

5 

3 

4 

0 

0 

0 

5 

0 

0 
10 

0 

0 
10 

0 

0 

4 

0 

4 

5 

7 

8 

4 

6 
10 

0 

6 

4 
10 

3 

8 

6 

a 

• 
c« 

4 

0 

4 

10 
8 
4 
3 
5 
4 
6 
7 
8 
0 
0 
10 
0 
1 
7 

0 
0 
1 
5 

• 

a 

• 

a 

%  ."a 
a^B 

< 

lis 

< 

.769 

.727 
.657 
.677 
.731 
.TM 
.731 
.782 

•  %jj^ 

.751 
.634 

.609 
.793 
.751 
.618 
.8.0 
.848 
.618 
.712 
.768 
.810 
.697 
.784 
.826 
.792 
..711 
.771 
.69;J 
.718 
.704 
.613 
.689 

.846 
.815 
.817 
.854 
.856 
.807 
.804 
.846 
.833 
.850 
.854 
.836 
.833 
.856 
.848 
.783 
.740 
.766 
.772 
.893 
.804 
.724 
.764 
.744 
.727 
.807 
.734 
.854 
.836 
.833 
.848 

.781 
.752 
.782 
.799 
.814 
.797 
.790 
.759 
.823 
.732 
.726 
.  806 
.823 
.749 
.817 
.789 
.711 
.793 
.8(r7 
.863 
.7i)9 
.785 
.786 
.766 
.781 
.794 
.758 
.811 
.794 
.763 
.760 

N 

S 

SW    .. 

sw... 

.s 

NW  .  . 
8W... 

S 

NW. 
8  .... 
8.  S£. 

N 

NE    .. 
8.SE  . 

S 

NE.  .. 
NE  ... 

8 

8 

8 

W.NW 
8E.... 

S 

8 

8 

NE    .. 
NW.  . 
S.8W. 
N.NW. 
Calm.. 
8 

N 

N.NE. 

W.... 
8W  .  . 
8  . .  _. . 
NW.  . 
NW.  . 

N 

W.NW 

8 

S 

N 

NE.  .. 
8E.... 

8 

NW.  . 
NE-  .. 
NE.  .. 
NE.  .. 
N.  .... 
W  .... 
W.... 

N 

W.... 
E.NE. 
NE.  .. 
NW.  . 
8W.  .. 
NW.  . 
N.NE. 
N 

Calm.. 
8.8E.. 
8.8E.. 
Calm.. 

8 

8 

N   .... 

8 

S.8E.. 

8 

W.... 

N 

8 

8 

NE.  .. 
Calm.. 

8 

Calm.. 

8 

Calm.. 

8 

8 

8 

S 

NE.  .. 
NE... 

8 

8 

8 

SE.... 
8 

0 

North.. 
8.33  E. 
S.35W. 
8. 45  W. 
South  . . 
N.51  W. 
N.83W. 
North  . 
N.59W. 
South . . 
8.  9E.. 
North  . , 
N.  49  E 
a.83E 
8.2E.. 
N.  40  E. 
N.  49  E 
8.  73E 
N.  62  £. 
Calm... 
S.77W. 
8.9  W. 
South . . 
S.23W. 
8.  63E 
N.  45  E. 
S.66W. 
8.23W. 
N.37W. 
N.  79E 
South  . 

0 
0 
0 

10 
4 
3 
4 
3 
0 
0 

10 

I 

3 
3 
0 
0 
3 
0 
0 
0 
4 
5 

.783 

.853 
.813 

.03 

.852 
.852 

.810 

.51 
.51 

.831 

.884 
.813 

, 

.57 

.716 

.790 

.884 

.37 

.772 

.793 

.735 
,77« 

•••••• 

.16 

.880 

...... 

.883 

.  886 

.895 

.846 

.751 

.761 

6  10 

7  10 

.906 

.804 
.846 

4 

6 

7 
6 
8 
8 

A     K 

0 
0 
0 
0 

1 

.03 

.860 

.843 
.843 

•••••■ 

.49 

.769 

3 

n  K 

.833 

.721 

.813 

.785 

8. 1  W 

8.65 

4 

8 
4 
4 
4 
3 
3 
3 
2 
4 
3 
3 
4 
4 
4 

35 
2 
4 
3 
3 
3 
2 

13 
4 
4 

IS 
4 

IS 
3 

13 

12 

12 

12 

3 

4 

3 

2 

2 
o 

2 
2 
4 
2 
2 
2 

12 
4 
2 

35 
2 
2 

12 
2 
3 
4 
4 

13 

35 
3 
3 
4 

13 

3 
13 
4 
3 
3 
3 
3 
8 
3 

4.  9      «.  U 

.783 

.810 
.768 
.672 
.657 
.623 
.711 
1. 000 
.618 
.779 
.768 
.644 
.623 
.774 
.716 
.677 
.644 
.708 
.560 
.727 
.758 
.716 
.810 
.653 
.634 
.802 
.768 
.640 
.697 
.629 
.582 
.570 

.848 
.796 
.793 
.804 
.851 
.815 
.720 
.812 
.774 
.539 
.708 
.779 
.852 
.793 
.751 
.854 
.7C8 
.7:i4 
.852 
.793 
.796 
.799 
.774 
.843 
.841 
.812 
.865 
.810 
.776 
.692 
.780 

.814 
.801 
.767 
.747 
.773 
.774 
.857 
.745 
.783 
.719 
.7:i7 
,696 
.799 
.767 
.755 
.750 

.662 
.762 
.800 
.779 
.830 
.770 
.777 
.842 
.803 
.784 
.745 
.713 
.655 
.694 

S 

N 

N 

8 

8 

W.... 
W.... 
SE.... 
W  .... 
NE.  .. 

N 

8 

8 

NE.  .. 
NE.  .. 
NE.  .. 
8W... 
8W.  .. 
W.... 
NE.  .. 

N 

E.  NE 
8.SE  . 

N 

8E.  .. 
SE.... 

8 

8W.  .. 

E 

NW.  . 
8  .... 

o    ..... 

N 

N 

W.NW 
NW  .  . 
NW. 

N 

E.NE. 

N 

NW.  . 

N 

NW.  . 
W^  .... 

N 

NE  ... 
NW.  . 
6W.  .. 
SW... 
W.NW 
NE... 

N 

N 

NW  .  . 
N.NE. 
NE... 
NE  .  . . 

8 

W  .... 
W.... 
W.NW 
8 

8 

N 

8 

8 

8 

8 

8 

SE.... 

8 

N 

Calm.. 

8 

N 

Calm.. 
NE.  .. 
818E. . 

8 

8W... 

8 

8 

Calm.. 
8 .  . . . . 
S  -  .  • . . 
iV  . . . . 
Calm.. 

8 

8 

NW.  . 
NW  .  . 
SE.... 
Calm.. 

South . . 
North.. 
North  . . 
8.8  W. 
8.16W. 
8.80W. 

WrBt  .    . 

S.67E. 

W   Bt      . 

N.3E.. 
North  . . 
8.28W. 
Went  .. 
N.34E 
N.  45  E 
N.  39E 
8.  31  W. 
8. 45  W. 
8.72W. 
N.75E 
North . . 
N.83E 
8.  14  E 
8.40W. 
East .  . . 
8.  83E. 
South  . . 
Weut. . . 
N.45  W. 
N  49  W. 
South  . . 

6 
8 
0 
1 
0 
1 
5 
5 
3 
2 
3 
0 

10 
8 
0 
5 
3 
5 
8 
3 
6 
3 
6 
0 
0 
7 
6 
7 
8 
0 

10 

3 

0 

0 

0 

0 

4 

0 

4 

5 

0 

0 

0 

7 

0 

0 

6 

0 

5 
10 

0 

3 

0 

3 

0 

0 

0 

4 

0 

4 

0 
10 

8.2 

.838 
.836 

.15 

.780 

.841 

.796 

.850 

.804 

.796 

.850 
.858 

35     9.7 

0  1  3.0 

.10 

.685 

3 
4 

0 

4 
2 
3 

1.0 
0.7 
1.7 
6.7 
8.0 
1.7 

.771 

.793 
.836 

,10 

.751 

.783 

.693 

13   17.0 

.708 
.848 

3 
8 
0 
3 
4 
4 
0 

1.3 
1.0 
4.7 
0.7 
4.7 
2.0 
1.9 

.33 

.825 

.880 

.884 

.854 

.8^4 

.08 

.828 
.848 

3  fi.0 
8    10.3 

13  1  6.3 
35    11.7 

4  3.7 

.727 

.735 

.693 

.733 

0 

8.0 

a4 

.800 

.701 

.786 

.762 

1 

8.83W. 



1    7     •»    K 

.75 

O.  1 

%Mm   %M 
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RtduUions  of  the  monthly  meteorological  regUUr  of  tki  ntnq  •/ 


Date. 


1867. 

Sept      1 

2 

3 

4 

5 

6 

7 

8 

.   9 

10 

11 

12 

13 

14 

IS 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

96 

27 

28 

29 

30 

Meant — 


Oct. 


1 
2 
3 
4 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
23 
23 
24 
25 
26 
27 
28 
29 
30 
31 


Means — 


Barometer  reduced  to  temperature 
of  :«<=>  Fahr.,  exprenaed  In  United 
States  inches  and  decimals. 


TEMPERATURE— FAHREKHIOT. 


a 

OS 


29.191 

29.354 

29.311 

29.383 

29.291 

29.195 

29.561 

29.564 

29.378 

29.441 

29.  507 

29.353 

29.218 

29.476 

29.  476 

29.460 

29.  482 

29.565 

29.530 

29.378 

29.584 

29.536 

29.673 

29.664 

29.338 

29.577 

29.458 

29.332 

29.224 

29.507 


29.433 


29.483 
29.  101 
29.307 
29.340 
29.  (*8l 
29.580 
29.  biSJ 
29.686 
29. 225 
28.863 
28.911 
29.109 
29. 432 
39.506 
39.375 
29.545 
29.436 
29.338 
39.396 
39.506 
29.  442 
2i».509 
39.  7«>:J 
39.8^)6 
39.706 
39.656 
39.643 
39.538 
39. 303 
3i>.398 
39.366 


B 

Gi 


29.258 
29.33() 
39.265 
39.345 
39.225 
39.395 
39.588 
39.491 
29.  140 
39.458 
39.396 
39.306 
39.138 
39  498 
39.423 
29.481 
29.554 
29.  523 
3i>.  485 
39.347 
39.553 
39.476 
39.706 
39.516 
39.431 
29.539 
29.387 
29.264 
39.231 
39.418 


39.401 


39.325 
29.055 
29.283 
39.284 
39.284 
29.  720 
29.790 
29.454 
29.083 
38.  818 
28.979 
230 
434 
407 


39 
29 
39 


29  379 
29.488 
29.308 
29.321 
2i).380 
39.  451 
29.  3J5 
29.537 
795 
790 
29.680 
29.635 
39.ti03 
39.437 
39.  252 
39.  197 
39.  4.36 


Si». 

•J9. 


Wetbnlb.  or 

point  of 
evaporation. 


a 

d 


29.334 

39.338 

39.298 

29.306 

29.165 

29.433 

29.591 

29.428 

29.288 

29.446 

29.344 

29.245 

29.285 

29.496 

29.395 

29.452 

29.537 

29.502 

29.  433 

39.551 

39.551 

29.496 

29.686 

29.638 

29.514 

29.480 

29.363 

29.206 

29.344 

29.520 


a 

CS 


29.421 


29.187 
29.141 
29.300 
29.154 
39.  495 
39.730 
39.748 
39.543 
39.(176 
38.888 
39.  046 
39. 373 
39.413 
29.387 
29.414 
39.466 
39.  393 
39.395 
39.405 
39.433 
29.345 
29.620 
29.790 
29.748 
29.660 
29.635 
29.580 
29.390 
29.375 
39.383 
2i>.  473 


29.258 

29.336 

29.291 

29.345 

29.227 

29.308 

29.547 

29.494 

29.269 

29.448 

29.416 

29.301 

29.210 

29.490 

29.431 

29.464 

29..'i21 

29.  .^30 

29. 479 

29.425 

29.563 

29.499 

29.688 

29.606 

29.428 

29.529 

29.403 

39.267 

29.266 

29.483 


29.418 


29.332 
29.099 
29.296 
29.259 
29.387 
29.  6rj 
29.787 
29.561 
2JK  128 
38.856 
38.979 
39.300 
39.419 
39.433 
29.389 
29.500 
29.346 
29.315 
29.394 
29.463 
29.371 
29.555 
29.783 
39.781 
39.683 
29. 642 
29.608 
29.455 
39.277 
29.259 
29.425 


i 


a 

G9 


o       o 
62  '  60 


29.421 


29.391 


29. 402     29. 405 


56 
57 
59 
62 
69 
55 


62 
70 
65 
72 
65 
62 


S 


53  ,  65 

64  72 

57  56 

45  63 

51  67 

60  !  69 

56  58 

57  71 


70 
72 
70 
67 
71 
64 
53 
59 
50 
64 
51 
41 
48 
57 
45 


75 

77 
77 
72 
75 
59 
71 
58 
68 
63 
54 
56 
62 
56 
47 


o 

57 

59 

65 

64 

70 

54 

58 

67 

70 

53 

55 

61 

62 

53 

71 

71 

73 

73 

73 

56 

55 

63 

53 

63 

53 

49 

50 

60 

51 

43 


Dry  bnlb.  or  tem- 
perature of  the 
open  air. 


58.265.060.2 


37 

51 


55 
63 


54  52 
42  56 

55  '  53 
47  i  47 
39  47 
38  I  54 
49  '  52 

53 

49 

51 

55 

59 

60 

65 

67 

65 

69 

65 

64 

50- 

47 

49 

50 

54 

53 

50 


53 
48 
51 
51 
45 
50 
47 
57 
60 
60 
54 
53 
51 
43 
32 
.35 
37 
41 
47 


53  I  53 
45  '  51 
57  I  45 

47.  7  54. 9 


51 
55 
50 
53 
50 
45 
43 
52 
53 
49 
51 
52 
51 
51 
52 
61 
63 

63 
60 
62 
46 
40 
43 
45 
48 
47 
49 
53 
34 
44 


50.9 


64 
60 
60 
61 
65 
73 
60 
56 
67 
59 
48 
54 
76 
59 
SO 
73 
74 
73 
69 
74 
67 
55 
62 
53 
66 
54 
42 
50 
61 
48 


a 


63 

67 
76 
70 
?7 
70 
69 
70 
82 
61 
67 
73 
80 
63 
79 
79 
82 
82 
75 
79 
65 
75 
63 
73 
70 
58 
61 
69 
63 
52 


61. 4  70. 4  64. 6 


39 
57 
56 
45 
57 
51 
41 
40 
53 
55 
49 
53 
53 
47 

.53 

49 
60 


63 
70 
55 
60 
56 
53 
52 
60 
55 
57 
51 
53 
57 
61 
63 
71 
77 


65  I  72 
64  80 


57 
57 
53 
46 
34 
37 
39 
43 
49 
53 


72 
75 
54 
53 
54 
55 
58 
57 
53 
55 


a 


61 
63 
69 
68 
75 
63 
62 
70 
73 
58 
61 
69 
65 
57 
78 
75 
79 
76 
76 
63 
60 
67 
56 
67 
57 
52 
53 
66 
54 
46 


46  53 
58  ,  46 

50. 3  59.  7 


57 
65 
53 
.')6 
53 
47 
45 
55 
56 
51 
53 
53 
53 
54 
55 
66 
70 
66 
68 
65 
66 
51 
43 
47 
49 
52 
.% 
50 
55 
35 
45 


a 


62. 
63. 
68. 
66. 
72. 
68. 
63. 
65. 
74. 
59. 
58. 
65. 
73. 
59. 
72 
75. 
78. 
77. 
7.1. 
72. 
64. 
65. 
60. 
64. 
64. 
55. 
53. 
61. 
59. 
48. 


a 

ss 

J 


s 

p 

a 
a 


▼APOR. 


Elastkatj.ioU.S. 
faichesaaddsd- 
mals. 


a 


a    ^ 


67 
66 
76 
T2 
78 
t» 
72 
71 
82 
75 
68 
73 
81 
67 
81 
80 
82 
82 
77 
81 
70 
72 
70 
73 
70 
61 
63 
70 
67 
60 


53. 
64. 
.54. 
53. 
55. 

5a 

46. 
51. 
54. 
54. 
51. 
53. 
5i. 
54. 
57. 
62. 
69. 
68. 
7<J. 
64. 
6d 
52. 
47. 
45. 
47. 
49. 
50. 
50. 
54. 
44. 
49. 


54.4 


54.8 


65 
71 
66 
61 
56 
55 
54 
62 
58 
57 
54 
54 
57 
61 
64 
73 
77 
72 
81 
74 
75 
69 
61 
57 
56 
59 
56 
53 
56 
5« 
53 


81 


61 

57 

57 

61 

63 

63 

59 

54 

63 

56 

46 

53 

63 

57 

52 

71 

72 

73 

69 

63 

57 

49 

56 

50 

57 

52 

40 

48 

54 

46 


a 


a 
a 


.  396|. 
.4961 
.47^. 
.516. 
.655. 

3671. 

3631. 
.556! 
.4391. 
.260'. 
.335. 
.  «^o  • 
.409. 
.  4.T9 . 
.6931. 
.757. 
.693. 
.635. 
.718. 
.556. 
.376. 

460. 
.321. 

569. 

335:. 
.344. 
.309,. 
.412. 
.260 


478 
469 
652 

531/ 
718 


650 
W3 

522 

581 


iiali^ 

460.443 

543  a 

666.60 
55W.2«.»i 

4e».4».4tf 

550.  ea.  513; 

338. 3w 
354.37? 

43(^.4^ 
4801. 516. 4J* 
4J6i.3».382 

651.  «4.^ 
8l4.TOl.73?i 
860.730-782 
860.77I-77S 
744. 771.  TIT 
814. 4li. 
420.367.- 
704  S2».' 
416.363.41 

618.52^ 
483j.3&0v' 

365. 3a§^: 

38:1. 3211 W 
462i.438i.4ffl| 

4161.343^ 
2571.238;" 


37 
55 
53 
44 
53 
47 
39 
38 
52 
51 
48 
53 
52 
46 
S3 
48 
59 
65 
64 
57 
57 
51 
43 
34 
34 
39 
43 
47 
50 
35 
34 


34 


.194 
.895, 
.391 
.228;. 
.407'. 
.2701. 
.  212 . 
.303'. 
.295'. 
349> 
.323. 

373. 
.321. 

397. 

426. 
.451L 
.465'. 
.3761 
.350. 
.  jmj . 
.815. 
.15S: 
.178. 
.  194 . 


._.3(».     , 

349i.32il.Wt 

396.30^35^ 

■.3;»lf3H! 

2441  373>.SB 

34ft.36l(.3« 
350L32lL5g 
32l[348i.W 

f^L  3751-2 

561-4*»^ 
44ft.5^.«J 


.378lg 
18!l«* 
275.  W 


311.381.336  343 


\ 
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the  northern  and  northwestern  lakes  at  Cleveland,  Ohio. 


VAPOR. 

WIND. 

Amount  of 

cloudiness. 

(0=  clear 

Amount  of  evaporation,  in 
U.  S.  inches  and  deci- 
mals. 

melted 
inchei 

Humidity. 
Saturation  =  1,000. 

Direction. 
From  whence. 

Velocity,  in 
miles,  per 
hour. 

«  u 

1| 

9.3 
1.3 
4.0 

a7 

i 

1 

1 

<s 

9ky.) 
(10  =  sky  en- 
tirely over- 
cast.) 

©00 

a   .  _ 

• 

d 

• 

a 

• 

S 

■ 

a 

• 

9 

« 

• 

B 

<a 

9 

B 
d 

• 

B 

• 

• 

B 

«i 

r* 

12 
3 
2 
2 
2 
4 
4 
4 

12 

12 
4 
2 

12 
2 
2 
4 
2 
4 
2 

12 
2 

12 
4 
2 

12 
2 
2 

12 
2 

12 

• 

B 

• 

01 

4 

2 

2 
4 
4 

12 
2 

12 
4 
4 
4 
2 
4 

12 

12 

12 
2 
4 
4 

12 
2 
4 
4 
4 

12 
2 
2 
2 

45 
2 

• 

B 

• 

a 

12 
4 

12 
0 
2 

25 

12 
2 
2 

12 
4 

12 

1 

2 
4 

12 

12 
2 
2 
2 

25 
2 
2 
2 

35 
2 

• 

a 

<a 

s 

• 

p. 

01 

1 

• 
Oft 

lis 

< 

.888 
.765 

.831 
.740 
.727 
.751 
.774 
.751 
.653 
.751 
.595 
.713 
.790 
.716 
.387 
.723 
.657 
.822 
.787 
.787 
.858 
.822 
.680 
.812 
.723 
.761 
.658 
.756 
.713 
.653 
.723 
.660 

.769 
.828 
.796 
.793 
.768 
.519 
.772 
.848 
.854 
.698 
.6.59 
.607 
.836 
.750 
.693 
.812 
.738 
.860 
.860 
.723 
.708 
.790 
.809 
.790 
.752 
.194 
.798 
.685 
.802 
.767 

.829 
.778 
.782 
.809 
.793 
.692 
.7LI 
.803 
.763 
.763 
.742 
.708 
.521 
.764 
.743 
.829 
.809 
.834 
.871 
.800 
.743 
.824 
.787 
.783 
.767 
.784 
.808 
.731 
.765 
.735 

N 

S 

SE.... 

8 

8 

S 

NE  ... 
S.SB.. 
S.8E.. 

N 

8.8E.. 

S 

S 

NE  ... 

S 

8 

8 

S 

SE.... 

S 

SE.... 
SW... 
NW... 
SE.... 

w  .... 

NE  ... 

S 

S 

8 

NE  ... 

N 

N 

NW.. 

N 

N 

NE  ... 

N 

N 

SW  .  . 
W.NW 
SE.-.. 

8 

W.... 
NE.  .. 
NE... 

8 

N 

N 

N 

N 

N 

W.NW 
N.NE. 
SW  .  . 
NB  ... 

N 

NE  ... 
.\W  . . 
NE  ... 
NW.. 

N 

S 

N 

Calm.. 

8 

NE  ... 
Calm.. 
E.NB 
Mr  .... 

S 

8 

8 

N 

NE  ... 
8.SE.. 

S 

8 

iV  .... 

s 

NE  ... 

S 

S 

E 

8 

N 

S 

8 

SE.... 
NB  ... 
8 

o 

North.. 
South . . 
North . . 
North.. 

10 

7 

0 

0 

0 

6 

0 

0 

6 
10 

0 

0 

7 

0 

7 

8 

0 

2 
10 

0 
10 

0 

5 

0 

0 
10 

0 

0 

0 
10 

a6 

0 

8 
10 

0 
10 

2 

4 

0 
10 
10 
10 
10 

5 

0 

0 

0 

0 

0 

4 

6 

0 
10 

4 

0 

2 

0 

0 
10 
10 

7 

8 

a6 

8 

2 

7 

8 

6 

8 

0 

0 

7 

4 

0 

6 
10 

5 

4 
10 

1 

4 

3 

8 

7 

0 

0 

0 

4 

5 

0 

0 
10 

3 

4.3 

0 
10 
10 

0 

8 

0 

6 

0 
10 
10 
10 

7 

3 

3 

0 

0 

6 

0 

0 

0 

5 

9 

2 

0 

8 
« 

0 
10 
10 
10 
10 

a8 

9 

0 
10 

4 

0 

4 

0 

0 
10 

3 

0 

5 
10 

6 
10 

0 

0 

4 

0 

0 

0 

3 

0 

0 

6 

0 

0 

0 
10 

0 

ai 

0 
10 

3 
10 

5 

6 

0 

5 
10 
10 
10 
10 

0 

0 

0 

0 
10 

0 

0 

0 
10 

6 

0 

0 

0 

0 

0 
10 

3 
10 
10 

4.5 

.15 

.822 

.882 
•  .836 

.02 

.707 

11.7 
1.7 
3.7 
5.7 
3.3 
2.0 
5.3 

ao 

8.7 
4.7 
6.0 
0.7 
0.7 
0.7 
4.0 
4.0 
4.3 
1.3 
2.3 

11.3 
0.7 
1.0 
4.0 

28.0 

a  7 

1.7 

a  3 

1.0 

a  7 

4.0 

23.3 

5.3 

0.7 

5.6 

20.7 

16.3 

5.3 

lao 

5.7 
1.3 
2.7 
2.7 

a3 

1.0 
0.7 

1.0 
5.0 

ia7 

.4.0 
0.7 
1.3 
1.0 

a7 

2.7 

10.3 

7.3 

5.3 

N.  50B. 
N.29E. 
N.2B.. 
8.37W. 
N.2  W. 
S.29B. 
South  . . 
8.27W. 
N.  45E. 
S.  71  E. 
South . . 
South . . 
Went... 
8.45E  . 
N.45E. 
S.7B  .. 
8. 40  W. 
N.lOW 
S.  11  W 
N.6  W. 
N.  45  B. 
S.28E  . 
South  . . 
N.46E. 
N.44  E. 

.708 

.809 

.841 

.878 
.777 



.01 

.802 

.340 

.819 
.878 

.26 

.854 
.903 
.854 

.10 
.89 

.896 

.856 

841 

.8^ 

.828 

.798 

691 

.802 

.914 

.856 

.769 

.777 

.825 

.726 

.762 

.771 

N.47E 

1.43 



.616 

.568 
.658 
.805 
.765 
.809 
.  606 
.660 
.653 
.805 
.752 
.859 
.864 
.874 
.882 
.831 
.708 
.569 
.  668 
.548 
.668 
.518 
.738 
.606 
.674 
.681 
.756 
.752 
.861 
.869 
.864 
.921 

.634 

.487 
.798 
.809 
.798 
.847 
.762 
.805 
.809 
.859 
.864 
.9:J2 
.864 
.802 
.805 
.735 
.656 
.743 
.695 
.731 
.786 
.653 
.750 
.698 
.710 
.727 
.786 
.927 
.869 
.898 
.920 

• 

.873 
.593 
.825 
.779 
.827 
.725 
.749 
.  759 
.782 
.805 
.883 
.867 
.867 
.844 
.811 
.765 
.683 
.714 
.674 
.737 
.689 
.752 
.682 
.721 
.733 
.766 
.790 
.880 
.890 
.894 
.926 

• 

S 

s.sw. 

N.NE 

S 

N 

NE  ... 

S 

S 

s 

8W... 

sw... 

NW... 
NW... 

8 

SW... 

S 

SW  . . . 
S.SW. 

s 

S.SE.. 
8E.... 

N 

N 

8 

SE.... 
SE... 
SE.... 
SE... 
NE  ... 
SE.... 
SW.  .. 

8 

8 

N 

8 

NW. 
NE  ... 

N 

S 

S 

SW  .  . 

w.... 

NW- 
W.NW 
W.NW 
W.... 

n     .... 
SW  .  . 
NW.  . 

N 

NE  ... 
S.SW 

N 

NW.  . 
N    .... 
N.NE. 
W.... 
NE  .. 
SE.... 

N 

W  .... 
SW  .  . 

S 

NE  ... 

8 

N 

N 

NE  ... 

8 

8 

Sc... 
SW.  . 

w... 

NW.  . 
SW.  . 

H 

S 

s 

SW  .  . 

8 

8 

8 

S 

N 

SB.... 
SE.... 
SE.... 
SB.... 

8 

NE  ... 
NE  ... 
SW  .  . 
W.NW 

2 

4 
o 

2 
25 
12 

2 
12 
12 
25 

2 
12 

4 

2 

4 

2 

2 

2 

2 

2 

2 
12 
12 

2 

2 

2 

2' 

2 
25 

2 

4 

4 

4 

12 

12 

25 

2 

2 

2 

25 

12 

2 

2 

12 

2 

4 

4 

4 

2 

2 

2 

12 

4 

2 

2 

2 

2 

12 

4 

4 

12 

12 

4 

2 

2 

2 

25 

2 

2 

2 

25 

12 

12 

25 

2 

2 

2 

2 

4 

2 

2 

2 

2 

25 

2 

2 

2 

2 

•  2 

4 

2 

12 

4 

South  . . 

5.25  E. 
N.4E.. 
South  . . 
N.  14  W 
N.45E. 
South  . . 
South.. 
South  . . 
S.45W 
S.85W 
N.55W 
N.  69  W 

8.26  W 
8.53  W 
South . . 
8. 45  W 
S.44  W 
South  . . 
8. 44  E 
S.  13  W 
North.. 
North.. 
S.45E  . 
8. 74  E  . 
8.  16  E  . 
N.62E. 
8.80E  . 
N.50E. 
S.65W 
8.  46  W 

.634 

.872 
.762 
.874 
.722 

.07 
.04 
.86 

624 

.820 
.733 

.805 
.926 
.864 
.864 
.847 

.36 
.36 
.23 
.49 

.798- 

853 

822 

731 

.780 

812 

.762 

.864 
691 

.24 

.792 

807 

.816 

.833 
.853 
.932 

.07 
.54 

.921 
.907 

.32 

.818 

.735 

.679 

.777 

0.4 

S.86W 

I 

a58 
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Reductions  of  the  monthly  meteorological  register  of  tkt  ntitef  of      || 


TEMPERATURE— FAHRENHEIT. 

VAPOB. 

-1 

Barometer  redoced  to  temp^srature 
of  32°  Fahr. ,  expressed  in  United 

— 

State*  inchei  and  decimals. 

Wet  bull 

»,  or 

Dry  bulb,  or 

tern- 

Ela»ticity.lBU.S. 

Date. 

point  of 

peraturo  of  the 

inebeitoddeo- 

evaporation. 

open  air. 

• 

a 

a 

a 

B 

mala. 

^ 

• 

a 

• 

B 

• 

9 

• 

a 

• 

a 

a 

• 

a 

a 

a 

i 

• 

a 

• 

a 

-!  i 

• 

d 

o. 

CL 

Ci 

cj 

d 

a 

ca 

a 

o. 

9 

ce 

B 

d 

a 

a     c 

r* 

0» 

a> 

a 

t* 

c< 

a> 

o 

o 

o 

s 

o 

o 

r* 

ct 

a 

1867. 

o 

o 

0 

O 

Nov.       1 

29.411 

29.180 

29.066 

29.SS9 

41 

52 

49 

42 

59 

55 

52.0 

60 

38 

.344. 296. 289^  St* 

2 

29.071 

29.088 

29.146 

29.102 

51 

56 

48 

55 

61 

'2 

56.0 

62 

52 

.32li.3SJ.282.39 

3 

28.954 

28.771 

28.796 

28.840 

48 

61 

59 

51 

63 

61 

58.3 

64 

47 

.296i.510.473L4J(| 

4 

29.241 

29.  .588 

29.578 

29.402 

40 

41 

39 

42 

43 

42 

42.3 

61 

39 

.221 

.231I.199L21T 

5 

29.734 

29.62:J 

29.616 

29.658 

30 

40 

35 

33 

48 

39 

40.0 

48 

32   .1321.1431.15^.141 
37    .149,234'.  181. IM 

6 

29.694 

29.626 

29.516 

29.612 

33 

45 

:rr 

36 

50 

40 

42.0 

50 

7 

29.364 

29.195 

29.163 

29.241 

38 

49 

45 

41 

58 

51 

50.0 

58 

39  !.  19O.2a9'.a0j.2O 

8 

29.143 

29.076 

28.973 

29.064 

44 

60 

58 

49 

68 

64 

60.3 

69 

47    .223. 4 11. 403}. 3* 
53   .  321. 25*.  2©]. « 
46   .225.217.2l2i.2ia 

9 

29.117 

29.160 

29.267 

29.184 

51 

51 

49 

55 

60 

55 

56.7 

65 

10 

29.353 

29.302 

29.380 

29.345 

43 

48 

43 

47 

57 

48 

50.7 

61 

11 

29.  .TDS 

29.358 

29.428 

29.395 

37 

34 

37 

40 

39 

38 

39.0 

48 

36    .181.  1311.207.173 

12 

29.462 

29.452 

29.447 

29.454 

35 

35 

35 

.38 

38 

38 

38.0 

38 

36 

.  165.I65.I6».1» 

13 

29.342 

29.301 

29.236 

29.293 

29 

43 

35 

32 

47 

37 

38.7 

47 

31 

.I26.2»5.l7»i.lT6 

14 

29.037 

29.129 

29.333 

29.166 

42 

43 

40 

45 

47 

43 

45.0 

48 

35  1-228. 25*5. 2*.  289 

15 

29.604 

29.543 

29.291 

29.479 

32 

40 

35 

35 

44 

40 

39.7 

45 

35 

.142.  1951.  UBi.l^ 

16 

29.244 

29.294 

29.442 

29.327 

41 

37 

35 

45 

40 

35 

40.0 

47 

38 

.2051 181  L2J4.W? 

17 

29. 3(!0 

29.286 

29.249 

29.278 

32 

39 

39 

35 

41 

42 

39.3 

43 

34 

Lu-iLai*  199.W4 

18 

29.390 

29.274 

29.440 

29.368 

32 

32 

30 

34 

.35 

32 

33.7 

43 

33  ;.  155.  I42L  144L 117 
29  ;.  130 .  139'.  124!.  131 

19 

29.578 

29.563 

29.506 

29.549 

28 

35 

27 

30 

40 

29 

33.0 

42 

20 

29.435 

29.373 

29.415 

29.408 

:j2 

44 

39 

34 

51 

43 

42.7 

51 

27   .155.196.1861115 

21 

29.499 

29.417 

29.407 

29.441 

31 

48 

44 

:n 

53 

47 

44.3 

53 

33    .  151 

.289.245^.  2a 

22 

29.406 

29.352 

29.352 

29.370 

41 

49 

47 

44 

54 

50 

49.3 

54 

43   .218 

.282,383.261 

23 

29.435 

29.392 

29.410 

29.412 

54 

58 

50 

56 

62 

53 

57.0 

63 

45    .391 

.4a9'32lL3M 

24 

29.323 

29.247 

29.300 

29.290 

50 

58 

56 

52 

65 

59 

58.7 

65 

49    .334'.389|.4i«.S7 

25 

29.225 

29.113 

29.114 

29.151 

52 

55 

52 

55 

58 

54 

55.7 

61 

54 

.349. 3931. 3621 3W 

26 

29.413 

29.466 

29.543 

29.474 

40 

41 

39 

41 

43 

41 

41.7 

51 

41 

.2:»:.23i;.2i2f,2K 

27 

29.214 

29.378 

29.323 

29.305 

39 

42 

43 

46 

44 

43 

44.3 

54 

40 

.147 

.241.254  214 

28 

29.343 

29.344 

29.334 

29.340 

41 

43 

42 

42 

44 

43 

43.0 

51 

42 

1.244 

.264. 254. »! 

29 

28.952 

28.  829 

28.960 

28.914 

<1  1 

44 

31 

43 

45 

32 

39.7 

45 

32   .244 

.275,162.281 

30 

29.251 

29.436 

29.546 

29.411 

19 
3a9 

15 
44.6 

13 

41.0 

90 
41.7 

16 
49.1 

14 
44.0 

16.7 

32 
69 

14  H»2 

.O74p067,(r» 

Meani 

29.331 

29.299 

29.320 

29.317 

44.9 

14 

.212.252.233.28! 

i        i       1 — 1 

Dec       1 

29.602 

29.441 

29.451 

29.498 

9 

20 

21 

10 

21 

22 

• 

17.7 

23 

7 

.054 



.096 

.101 

.081 

2 

29.366 

29.380 

29.480 

29.409 

26 

32 

.30 

27 

33 

31 

30.3 

36 

20 

.129 

.  168'.  155'.  151 

3 

29.531 

29.331 

29.236 

29.  .366 

24 

31 

32 

25 

:» 

33 

30.0 

35 

23 

.117 

.162. 1681. 1« 

4 

29.270 

29.190 

29.105 

29.  188 

24 

24 

21 

27 

26 

22 

25.0 

:« 

22 

.095 

.loe.iui 

.lOli 

5 

29.153 

29.234 

29.290 

29.226 

21 

28 

27 

23 

29 

28 

26.3 

:w 

20 

.101 

.  142L  136 

.m 

6 

28.895 

28.698 

29.012 

28.868 

34 

43 

35 

35 

45 

36 

38.7 

48 

28 

.1831.251.191 

.»f 

7 

S9.:«8 

29.3:18 

29.486 

29.384 

24 

24 

19 

35 

27 

20 

24.0 

36 

20 

.ll7.(»5pt9aHW 

8 

29.577 

29.536 

29.  .521 

29.545 

19 

23 

21 

30 

24 

22 

22.0 

25 

16 

.0921.113 

I  loi;.  m 

9 

29.624 

29.580 

29.  242 

29.449 

22 

27 

29 

23 

29 

31 

27.7 

32 

i» 

.  107. 124 

10 

29.228 

29.213 

29.242 

29.228 

34 

32 

30 

35 

35 

31 

33.7 

36 

31 

. 183. 143 

11 

29.278 

29.212 

29.228 

20.239 

30 

30 

26 

31 

31 

27 

29.7 

32 

27 

. 1551 155 

miif 

12 

29. 013 

29.067 

29. 285 

29.122 

16 

12 

U 

17 

13 

12 

14.0 

27 

10 

.0781.063 

1.061!.  OP 

13 

29.457 

29.671 

29.468 

29.532 

12 

90 

5 

18 

22 

6 

13.7 

22 

6 

.06;} 

.085 

14 

29.363 

29.274 

29.3U0 

29.312 

4 

18 

16 

5 

19 

17 

13.7 

20 

-  1 

.ml 

L087 

15 

29.291 

29.289 

29.291 

29.290 

16 

22 

16 

17 

23 

17 

19.0 

23 

16 

.078 

.107 

LOTglflM 

16 

29.295 

29.233 

29.  172 

29.233 

13 

33 

20 

14 

25 

21 

20.0 

26 

11 

.0t>7 

.100 

Kos^m 

17 

28.  9-21 

29.015 

29.  185 

29.040 

24 

28 

31 

25 

30 

32 

29.0 

33 

19 

.117 

.13» 

.  I(m.l3i 

18 

29.  .368 

29.468 

29.623 

29.486 

29 

28 

25 

36 

29 

26 

30.3 

34 

26 

.080 

.143 

19 

29.801 

29.695 

29.  515 

29.670 

17 

22 

19 

18 

25 

20 

21.0 

26 

17 

.063 

.084 

-fl^«f 

20 

29.318 

29.432 

29.612 

29.  454  • 

34 

33 

32 

35 

.35 

Xi 

34.3 

37 

90 

.183 

.16^ 

.  168^  171' 

21 

29.660 

29.417 

29.146 

29.408 

28 

:» 

37 

50 

.35 

39 

34.7 

39 

30 

.130 

.1<U 

Liffii^ 

22 

28.  8.39 

28.989 

29.  115 

28.981 

49 

36 

32 

50 

38 

34 

40.7 

50 

34 

.335 

.186 

Kia 

.2» 

23 

29.448 

29.631 

29.651 

29l577 

27 

29 

26 

28 

31 

27 

2a7 

40 

27 

.136 

.137 

kI«] 

^2 

24 

29.343 

29.287 

29.373 

29.334 

29 

37 

35 

35 

39 

36 

35.0 

40 

25 

.149 

.191 

.191 

.178! 

25 

29.204 

29.006 

28.849 

29.020 

43 

47 

54 

45 

50 

55 

50.0 

56 

35 

.^\ 

.383 

40l| 

•'2 

26 

29.364 

29.397 

29.252 

29.338 

33 

40 

38 

34 

42 

48 

41.3 

53 

34 

.175.221 

.089* 

.HSl 

27 

28.965 

2a  806 

29.251 

29.00T 

54 

60 

37 

55 

61 

39 

51.7 

61 

39 

.4041.5061 

.I9«l 

.« 

28 

29.404 

29.445 

29.483 

29.  444 

32 

33 

30 

34 

35 

32 

33.7 

43 

32 

.  155L  103 

.144, 

.IM 

29 

29.655 

29.670 

29.758 

29.694 

24 

26 

24 

25 

28 

25 

26.0 

28 

25 

.117.117 

Air 

:i^ 

30 

29.821 

29.865 

29.868 

29.851 

19 

21 

17 

20 

22 

18 

30.0 

^ 

18 

.093.101 

.m 

31 

29.701 

29.  452 

29.228 

29. 460 

16 
25.3 

26 
29.3 

27 
26.5 

17 
26.7 

29 
31.1 

28 
28.0 

25.3 

30 
61 

16  .ciTO.ioe!  lasj-iR" 

Means 

.29.357 

29.a31 

29.346 

29.345 

28.6 

-  1   ' 

( 

.134 

.151 

.136 

[ 

'•^ 
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*    the  nortkem  and  northwesterm  lakes  at  Cleveland,  Ohio, 


VAPOR, 


Hamldlty. 
8stur»tion  ^  1,000. 


i 

• 

a 

a 

m 

m 

o. 

o. 

r» 

ot 

O) 

.914 

.592 

.620 

.743 

.713 

.r27 

.790 

.886 

.882 

.829 

.833 

.744 

:703 

.426 

.636 

.705 

.646 

.r.J2 

.738 

.475 

.590 

.(KtK 

.601 

.675 

.743 

.493 

.620 

•  Oi;R9 

.465 

.631 

.732 

.547 

.905 

.719 

.719 

.719 

.694 

.698 

.807 

.762 

.698 

.750 

.&M 

.677 

.557 

.684 

.732 

1. 001) 

.698 

.824 

.744 

.792 

.698 

.794 

.782 

.557 

.775 

.792 

.525 

.669 

.800 

.667 

.772 

.756 

.674 

.786 

.872 

.772 

.798 

.861 

.631 

.819 

.805 

.816 

.867 

.912 

.833 

.824 

.471 

.8:)6 

.916 

.914 

.918 

.916 

.914 

.920 

.896 

.850 

.829 

.816 

.767 

.690 

.766 

.791 

.855 

.860 

.880 

.893 

.893 

.872 

.  896 

.893 

.644 

.754 

.860 

.860 

.887 

.883 

.896 

.840 

.900 

.872 

.644 

.850 

aso 

.868 

.860 

.864 

.775 

.788 

.898 

.698 

.893 

.89.1 

.893 

.880 

.634 

.810 

.804 

.810 

.721 

.760 

.750 

.845 

.834 

.834 

.864 

.834 

.816 

.746 

.855 

.872 

.782 

.896 

.376 

.887 

.876 

.840 

.622 

.850 

•  oHv 

.797 

.  893 

.782 

.797 

.816 

.927 

.811 

.792 

.883 

.788 

.880 

.890 

.816 

.900 

.840 

.786 

.934 

.895 

.829 

.292 

.934 

.941 

.816 

.792 

.797 

.794 

.872 

.768 

.872 

.850 

.860 

.840 

.834 

.665 

.883 

.834 

.804 

.838 

i 


.709 
.728 
.853 
.802 
.588 
.694 
.601 
.638 
.619 
.598 
.728 
.719 
.733 
.r37 
.644 
.805 
.755 
.761 
.705 
.662 
.746 
.739 
.814 
.770 
.829 
.856 
.741 
.916 
.910 
.832 


WIND. 


.741 


.835 

.889 
.887 
.753 
.877 
.879 
.789 
.859 

.8oy 

.830 
.889 
.816 
.764 
.810 
.844 
.8U6 
.85<J 
.713 
.771 
.863 
.798 
.843 
.850 
.869 
.853 
.672 
.897 
.794 
.837 
.85J 
.794 


Direction. 
From  whenoe. 


a 


8 

8W  .  . 

8 

SW  .  . 

sw .  . 
8.  8W. 

O-     •  •  • • 

Kj  •     •  •  •  • 

SW  .  . 
8Ej.  . . . 
S.  8W. 
NW.. 
S£i. . . . 

W 

N 

NW.  . 
SW  .  . 

N 

NW.  . 

8 

8 

o  •  .  .  .  . 
•9>    .  .  .  • 

8 

8.  SE. 
W.NW 
SE... 
NE  ... 

8 

W.NW 


8  •  • . 
SW  . 
8.  .. 
W.. 
SW  . 
SW  . 
w .. 
w .. 
SW  . 

w.. 

NR. 
NE. 
NE. 
SE.. 
S.  .. 
SE  . 
W.. 
N.  .. 
SE.. 
8.  .. 
SE.. 
S.  .. 
W  .. 

s. .. 
s .  .  • 
s. .. 
s .  • . 

w.. 

NW 

W  .. 
E... 


.825 


a 


8 

W.... 

s*  .... 

Yl    .... 

sw .  . 
W.NW 

8 

S  •  .... 
SW... 
SW... 
vf  .... 
NW.  . 
W.... 
W.NW 
SW.  .. 
NW.  . 
W.NW 
NW.  . 
NW.  - 
SW.  .. 
o>  .... 

S 

S.  .... 

8 

8.  SE. 
W  .... 
SW... 
NW.  . 
N... 
8W.  .. 


8.  ... 

8 .  ... 
8.  ... 
NW. 
8.  ... 
8.  ... 

8 

o.  ... 
8.  ... 
8E... 
W.NW 
NW. 

o  •  ... 
N.... 
8.  ... 
NW 
NW. 
NW. 
SE... 
S  •  ... 
O  •   ... 

8.  ... 
8.  ... 

o .    ... 

W  . .. 

8.  ... 
8W.. 

9 .  ... 

N.... 
W.NW 


9  •    .... 

SW   .. 

s:  SW. 
w.... 

SW... 
SW.  .. 
w .... 
w .... 
SW.  .. 
NE  ... 
NE  ... 
NE  ... 
NE  ... 
NL  ... 
W.NW 
SE.... 
W  .... 

N 

o  K< . . .  • 
W.8W 
SE.... 
SW... 
W  .... 
s 

9 .   .... 

w.... 

8.  SW. 
W.NW 
NW. 
W  ... 
E.... 


8.  ... 
SW.. 
SW.. 

8.  ... 

9  *    .  .  . 

w... 

w ... 
w ... 
SW.. 
NE  .. 
NE  .. 
NE  .. 
Calm. 
E.... 
S .  • . . 

9.  .  .  . 

w ... 

N... 

SE... 

NW. 

8-  .. 

W.N 

E.... 

8.  ... 

8.      .  •  a 

8.  ... 

W  ... 

NW. 

NW. 

E.... 

E.... 


W 


Velocity,  in 
rolles,  per 
hunr. 


12 

12 

12 
4 
2 
4 

12 
2 
2 
2 

25 
4 
4 
2 

12 
2 
4 
2 
4 
2 
4 
2 
2 
4 
4 
2 
2 
4 

35 


2 

4 

o 

25 
4 

12 

25 

12 
4 
2 
2 

35 
2 
2 
2 
2 
2 
2 
4 
2 
2 
2 

25 
2 
4 
2 

12 
2 
4 
4 
4 


a 

a 


25 
2 
12 
25 
12 

2 

(> 

^f 

25 
2 
2 
4 

25 
4 

25 
2 

12 
4 
2 
S 
2 
2 
2 
2 
4 

25 
2 
2 
2 
4 

25 


12 
4 
4 
4 
4 

35 

12 

12 
2 
2 
2 

35 
2 
2 
2 
4 
4 
4 
2 
4 
4 

25 
4 

12 

35 
2 

25 
2 

12 
2 

12 


a 

• 


35 

2 

45 

35 

2 

2 

2 

25 

2 

2 

35 

25 

2 

35 

2 

25 

25 

12 

2 

2 

4 

2 

2 

2 

12 

2 

2 

2 

60 

35 


12 

12 

12 

2 

2 

45 

45 

45 

12 

2 

25 

25 

0 

2 

2 

12 

2 

2 

4 

2 

35 

25 

2 

2 

12 

25 

4 

2 

4 

2 

12 


fa 

|5 


2a7 

5.0 

2ao 

20.3 
&0 
1.3 
2.7 

20.7 
1.7 
1.7 

13.0 

25.0 
1.7 

17.3 
0.7 

16.3 
8.7 
5.7 
0.7 
2.7 
2.7 
2.7 
2.0 
2.7 
8.0 
1.0 
1.7 
0.3 

2a  0 

27.7 


4.0 


a7 

6.7 

4,7 

9.7 

3.U 

28.3 

27.3 

2:i.O 

6.U 

1.0 

9.7 

31.7 

1.3 

1.6 

1.3 

5.7 

2.7 

2.7 

3.3 

0.7 

13.3 

H.O 

9.0 

5.3 

17.0 

9.3 

12.7 

2.0 

6.7 

1.3 

9.3 


o 
Sonth. 
8. 45  W. 
South 
N.  74  W. 

8. 40  W. 

8. 41  W. 
Sonth  . . 
South . . 
S.34W. 
8.16  E 
N.73W. 
N.45W. 
8. 15  W. 
N.31W. 
S.  45  W. 
N.  45  W. 
N.50W. 
N.35W. 
N.45W. 
8.  low. 
Sonth  .. 
South  . . 
South  . . 
South  . . 
8.5  W.. 
8. 51  W. 
8.  16  W. 
North. 
North  . 
N.83W. 


8.83W. 


Sonth  . . 
8. 45  W. 
8. 39  W. 
8.86W. 
S.36W. 
S.  6?  W. 
Wettt... 
WeHt... 
S.  45  W. 
N.18E. 
N.45E. 
N.45E. 
N.45E. 
East.  .. 
8. 21  W. 
8.  15  E. 

WCHt... 

North  . . 
8.  45E 
8. 71  W. 
S.  6  £. . 
8. 75  W. 
Weut... 
Sonth  . . 
South  . . 
8.  4  W  - 
8. 21  W. 
N.67W. 
N.45W. 
West .  . 
East.  .. 


Amount  of 
cloudiness. 
(0  =  - clear 
■ky.) 
(10  =  sky  en- 
tirely over- 
cast) 


a 


a 

a 
c< 


2 

0 

7 
10 

1 

7 

3 

0 
10 
10 
10 
10 

9 

0 

6 

5 ; 

10  , 

5  I 
0 

10 ; 

10 
10 
10 
10 
10 
10 
10 


4 

4 

10 

7 

6 

6 

5 

8 

3 

6 

8 

10 

0 

7 

2 

10 

10 

6 

0 

0 

0 

0 

0 

7 

10 

10 


10 
10 
10 


3.7   8.55W. 


10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

6 

7 

10 

10 

10 

10 

6 

10 

10 

10 

10 

10 

10 

0 

10 

10 

6 

8 

5 


10 

0 

10 

4 

10 

6 

7 

8 

10 

10 

10 

10 

0 

10 

10 

10 

10 

10 

8 

10 

10 

10 

10 

0 

10 

8 

10 

9 

6 

8 

10 


a 


0 

0 

10 

8 

0 

3 

6 

8 

3 

0 

10 

10 

3 

10 

3 

7 

10 

7 

0 

3 

0 

0 

0 

10 

10 

10 


10  :  10 


10 
10 
10 


6.8  6.0  5.7 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

3 
10 

0 
10 
10 
10 
10 
10 
10 
10 
10 

0 
10 

5 
10 

0 

0 

0 
10 


5-8 

h 

♦»  . 

gOQ  d 


55 

a-s 

O'  m 

t5| 


9.  o;  8.  2  8. 0 


72  w— Part  U 


i: 


isl 

< 


.75 
.27 


33 


.0» 
.14 


.03 
.02 
.22 


.07 
.09 
.78 


2.72. 


.10 
.  36 


.07 
.83 


.28 
.74 


.32 
.63 


.34 
.39 


3.26 
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Reductions  qf  the  monthly  meteorologieal  regieter  of  tU  nrM|^     L, 


Pate. 


1867. 
Jan. 


1 
3 
3 
4 

5 

6 
7 
8 
9 
10 
11 
.12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 


Mmuib. 


Barometer  reduced  to  temperature 
of  32*='  Fahr.,ezpreuedln  United 
Statei  inches  and  decimals. 


a 

ft 


Peb. 


1 
2 
3 
4 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 


Meani..., 


29.563 
29.636 
29.508 
29.442 
29.099 
29.081 
29.325 
29.150 
^.100 
28.784 
29.030 
29..*^ 
29.238 
29.318 
29.363 
29.411 
29.077 
29.612 
29.4(13 
29.2ue 
28.810 
29.145 
29.343 
29.672 
29. 497 
2a  7.24 
29.020 
29.401 
29.360 
29.620 
29.  .369 


29.287 


29.065 
29.159 

28.  6Ul 
29.087 
28.948 
29.:J89 
29.712 

29.  491 
28.963 
29.400 
29.935 
29.695 
29.452 
29..V}5 
29.765 
29.230 
29.342 
29.389 
29.551 
29.2ft3 
29.211 
29.477 
29.287 
29.078 
29.545 
29. 525 
29.  7fi9 
29.525 


29.577 
29.525 
29.429 
29.411 
28.883 
29.079 
29.278 
29.060 
28.974 
28.786 
29.147 
29.633 
29.030 
29.288 
29.431 
29.224 
29.i£23 
29.532 
29.258 
29.045 
28.754 
29.220 
29.  442 
29.631 
29.124 
28.757 
29.083 
29.383 
29.449 
29.586 
29.295 


29.243 


a 

a* 


29.372 


29.168 
28.794 
28.696 
28.978 
29  193 
29.449 
29.644 
29.313 
28.871 
29.  814 
29.873 
29.672 
29.441 
29.590 
29.693 
29.022 
29.423 
29.180 
29.541 
29.321 
29.019 
29.572 
28.967 
29.433 
29.433 
29.615 
29.745 
29.382 


29.600 
S9.463 
29.393 
29.399 
28.841 
29.137 
29.245 
29.130 
28.854 
29.005 
29.293 
29.596 
29.035 
29.266 
29.488 
29.  017 
29.416 
29.484 
29.168 
28.892 
28.832 
29.285 
29.502 
29.622 
28.789 
28.817 
29.303 
29.391 
29.520 
29.562 
29.110 


29.241 


29.351 


29.263 

28.638 

28.781 

28.828 

29.303 

29.469 

29.598 

29. 157 

28.987 

29.945 

29.613 

29.654 

29.271 

29.628 

29.513 

29.120 

29.453 

29.240 

29.4a3 

29.387 

29.024 

29.551 

2a  775 

29.412 

29.437 

29.679 

29.699 

29.352 


29.328 


• 


29.560 
29.541 
29.443 
29.417 
28.944 
29.099 
29.283 
29.113 
2a  976 
2a  856 
29.157 
29.598 
29.101 
29.291 
29.427 
29.2J7 
29.239 
29.54.1 
29.276 
29.048 
28.799 
29.217 
29.429 
29.642 
29.137 
2a  766 
29.135 
29.392 
29.443 
29.589 
29.258 


TKJCrKRATURE^rAHREinmT. 


Wetbult^or 

point  of 
evaporation. 


a 


29.257 


29.165 
2a  864 
2H.693 
28.964 
29. 148 
29.436 
29.651 
29.320 
28.940 
29.  720 
29.8t)7 
29.674 
29.388 
29.584 
29.657 
29.124 
29.406 
29.270 
29.498 
29.  .330 
29.085 
29.533 
29.010 
29.308 
29.472 
29.606 
29.738 
29. 420 


19 
14 
13 
21 
23 
27 
18 
16 
20 
18 
16 
10 
13 
13 
8 
12 
16 
5 
1 
8 
16 
18 
19' 
23 
21 
26 
17 
16 
6 
2 
24 


a 

01 


22 

18 
22 
29 
32 
27 
20 
19 
26 
24 
21 
13 
16 
16 
11 
21 
15 
7 
12 
15 
21 
19 
22 
26 
25 
21 
15 
15 
9 
8 
31 


a 


15.  4  19. 3 


36 
23 
31 
25 
31 
24 
22 
27 
38 
6 
7 
32 
39 
55 
22 
42 
30 
27 
27 
19 
26 
24 
24 
30 
18 
22 
23 
32 


29.350  27.2 


28 
30 
28 
35 
29 
26 
38 
42 
31 
10 
27 
37 
45 
35 
38 
42 
32 
41 
27 
26 
28 
23 
37 
29 
31 
29 
34 
37 


19 
14 
18 
28 
31 
25 
18 
16 
22 
17 
15 
10 
14 
10 

2 
31 
13 

7 
13 
15 
19 
18 
23 
22 
31 
20 
19 
13 

5 

8 
36 


Dry  bulb,  or  tem- 
perature of  the 
open  air. 


a 

• 


17.5 


31.5 


28 

31 

27. 

31 

30 

24 

29 

41 

17 

10 

28 

38 

45 

31 

29 

33 

2a 

34 

21 
25 
26 
12 
38 
22 
21 
28 
28 
35 


20 
15 
14 
24 
25 
28 
19 
17 
21 
19 
17 
11 
14 
14 
9 
13 
18 
5 
1 

10 
17 
19 
20 
24 
28 
27 
17 
17 
6 
2 
25 


o 

26 
19 
25 
32 
35 
29 
24 
21 
27 
26 
22 
16 
17 
18 
13 
23 
16 
9 
14 
19 
23 
21 
24 
28 
27 
22 
16 
16 
10 
11 
34 


a 

a 


16. 4  2L  4 


2a2 


38 
25 
32 
96 
33 
35 
24 
32 
39 
6 
8 
34 
43 
57 
23 
44 
33 
29 
2d 
20 
28 
26 
26 
33 
19 
23 
25 
34 


2a3 


33 
31 
30 
37 
31 
29 
46 
50 
32 
IS 
31 
43 
47 
.16 
31 
43 
35 
44 
28 
28 
29 
24 
41 
32 
31 
34 
38 
43 


21 
16 
30 
29 
32 
26 
19 
17 
23 
19 
16 
11 
15 
11 

3 
22 
15 

8 
14 
16 
20 
19 
34 
24 
32 
23 
20 
13 

6 

9 
40 


i 


ia8 


23.3 

ia3 

19.7 
2a3 
30.7 
27.7 
20.7 

ia3 

23.7 
21.3 

ia3 

12.7 
15.3 
14.3 

oa3 

19.3 
16.3 
07.3 
09.7 
15.3 

2ao 

19.7 
22.7 
25.3 
27.0 
23.7 
17.7 
15.3 
07.3 
07.3 
33.0 


ia9 


31 
33 
28 
33 
31 
25 
33 
45 
18 
12 
31 
42 
47 
33 
31 
36 
31 
36 
22 
26 
27 
13 
42 
24 
32 
29 
29 
39 


34. 5  3a  0 


34.0 
29.7 
30.0 
32.0 
31.7 
26.3 
34.3 
42.3 
29.7 
10.0 
23.3 
39.7 
45.7 
42.0 
28.3 
41.0 
33.0 
36.3 
26.0 
24.7 
28.0 
21.0 
36w3 
29.7 
24.0 
2a7 
3tt7 
3a  7 


a 

0 

a 

M 

flB 


33 
.13 
26 
33 
36 
36 
32 
32 
32 
32 
25 
31 
31 
27 
20 
26 
26 
18 
17 
31 
24 
27 
26 
30 
33 
35 
23 
23 
16 
15 
41 


41 


45 

34 

38 

36 

36 

33 

47 

53 

47 

30 

38 

43 

48 

48 

34 

48 

37 

47 

36 

31 

.33 

28 

43 

44 

31 

35 

39 

46 


30.9 


S3 


a 

0 

a 

a 


19 

14 

13 

19 

23 

26 

18 

16 

16 

18 

15 

10 

9 

11 

3 

0 

13 

3 

0 

8 

14 

35 

18 

23 

32 

21 

16 

13 

4 

0 

7 


▼ArOB. 


Elasticity,  taU.S. 
inehee  ttd  ded 


a 


B 


31 
22 
27 
26 
27 
24 
21 
28 
18 
5 
5 
31 
41 
32 
22 
30 
31 
26 
22 
18 
23 
12 
U 
23 
18 
21 
22 
27 


.09Si. 
.071 
.067 
.079 
.  100 
.136 
.087 
.07f 
.096 
.087 
.078 
.057 
.067 
.C67 
.051 
.063 
.067 
.055 
.045. 
.040. 
.07? 
.C87 
.092 
.  112 
.101 
.12^ 
.094 
078! 
.057 
047 
117 


QTs.oeo.vi 


037 
084 
126 


142. 161. US 


121 


062.0(71 
080.078 
1291. 107 
106.071 


101 

044J 


074 
037 
053 


a 


0691.  na 

.142.111 


123. 


^074 
057 


078.071.1 
067. 057. ( 
049.0961012 
090t  101  LOBS 

0561.00 
.C48l0fi 

OSSlOSI 


040.0741. 
090.1 


.080.C84 


1« 

m 
m 

074.67a.«77 
054.0I9.KI 

O2^O5l|.0§ 

139*.£a|.UI 

OH 


.186.096.119. 


.15* 


m 


151 


.'l.lo[l3i.l 


17Sll51.Uii 
1371.155.1 
1061.117.11 
1251.1141.11 
.0901.1 
2161. 1 
Q?7 
.048 
.155 
.186 
.407 

107.ll9j.l^  ^ 
.3411.254'  1^« 
.13a.  14«!.W7tlS 

.ia4.2i«.n«liTil 

.1361.13^101 

.  092.  I17t mill 

.I17.l4ft. 

.106.11^. 

.106.16».177<. 

.133. 1961  OMj. 

.087.174.iqiL 

.107.108.1421. 

.I00.14«L1«|. 

.155.14^19».1 

137.146U4*. 
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ft*  twtthern  and  northwestern  Ukes  at  Buffalo^  New  York, 


TAPOH. 


*    Hnmidity. 
Saturation  s  i,00a 


li 

• 

a 

^ 

• 

• 

a 

• 

r- 

« 

a* 

.050 

.515 

.712 

.833 

.645 

.659 

.816 

.622 

.702 

.610 

.691 

.887 

.746 

.698 

.896 

.863 

.775 

.876 

.845 

.483 

.845 

.834 

.712 

.834 

.855 

.88a 

.864 

.845 

.754 

.692 

.834 

.860 

.829 

.797 

.492 

.797 

.816 

.834 

.823 

.616 

.682 

.797 

.784 

.623 

.730 

.810 

.730 

.860 

.682 

.829 

.648 

1.000 

.568 

.777 

1.000 

.6:15 

.635 

.583 

.392 

.829 

.834 

.730 

.850 

.845 

.712 

.845 

.850 

.rJ8 

.868 

.  868 

.768 

.738 

.860 

.761 

.896 

.880 

.860 

.781 

1.000 

.8i9 

.850 

.834 

.839 

1.000 

1.000 

.791 

.760 

Looa 

.:i96 

.784 

.872 

.712 

.820 

.840 

.701 

.601 

.811 

.510 

.685 

.746 

.893 

.800 

.  896 

.782 

.883 

.876 

.807 

.800 

.800 

.788 

.893 

.872 

.665 

.872 

.TJ8 

.400 

.  606 

.496 

.453 

.684 

.9U7 

.896 

.840 

1.<X0 

.610 

.610 

.777 

.582 

.685 

.792 

.511 

.661 

.669 

.847 

.847 

.874 

.900 

.800 

.864 

.685 

.788 

.836 

.916 

.705 

.7113 

.698 

.788 

.775 

.756 

.802 

.883 

.883 

.860 

.850 

.768 

.876 

.766 

.887 

.880 

.754 

.868 

.811 

.754 

.653 

.661 

.703 

.694 

.738 

.M5 

1.000 

.86U 

.864 

.524 

.887 

.746 

.628 

.887 

.792 

.511 

.636 

.800 

.718 

.780 

9 

V 

S 


.692 
.776 
.747 
.730 
.780 
.845 
.724 
.793 
.866 
.764 
.841 
.695 
.224 
.765 
.712 
.800 
.720 
.7i*2 
.757 
.tol 
.805 
.801 
.819 
.791 
.839 
.820 
.893 
.888 
.850 
.727 
.801 


.781 


WIND. 


.669 

.813 

.854 

.828 

.8-..>7 

.803 

.581 

.543 

.881 

.740 

.681 

.055 

.788 

.858 

.779 

.819 

.730 

.778 

.875 

.831 

.845 

.811 

.689 

.712 

.903 

.758 

.754- 

.646 


IMrection. 
From  wh( 


<a 


8W. 
W.SW 
SW... 
8W... 
NE  ... 
W  .... 
SW.  . 
W.SW 
SW... 
SW  .  . 
W.... 
NW... 
NE  ... 
NE  ... 
NE  ... 
SE> ... 
NW.W 
NW  .. 
W.SW 

s 

NR  ... 
SW... 
SW... 
SW... 
NE  ... 
SW... 
NW  .. 
SW... 
W.... 
SW... 
SW... 


766 


W.SW 

NE  .. 

SW.. 

W.SW. 

W.SW. 

SW.  .. 

SW.8. 

S 

SW.  .. 
NW... 
SW.  .. 

o    .  .  .  .  • 

SW. -. 
NW. . . 
NE  .. 
8W.  .. 
SW... 
SW... 
NE  ... 
NE  ... 
B.byS. 

E 

E.SE  . 
NW... 
NE.  .. 
SW.  .. 
SW.  .. 
8 


m 


W.SW 
W.SW 
SW... 
SW... 
SW... 
W.byS 
NW  .. 

N 

SW... 

w.... 

W.SW 
KB  ... 
NB  ... 
NE  ... 
NW... 
S.  SW. 
NB  ... 
NW... 
W.SW 
NB  ... 
NE  . .. 
SW... 
8 1^. . . 
SW... 
NE  ... 
SW... 
SW... 
SW... 
SW... 
SW... 
SW... 


W.NW 
NB  ... 
SW.  .. 
B.  NE 
W.NW 
SW  .. 
8.  SW. 

S 

N.  NW 
NW  .. 
SW... 
S^byW 
SW. .. 
NE  ... 
NB  ... 
SW.  .. 
SW... 
SW.  .. 
NE.  .. 
NB.  .. 
NB.  .. 
NW... 

7)  ..... 

NW... 
NE  ... 
SW... 
SW... 
8 


NW... 

S 

SW  •  • . 
E.  SB. 
s  w . . . 
N  W. . . 
NW... 
W.NW 
SW... 
NW... 
NW... 
NE  ... 
NE  ... 
NE... 

N 

NE  ... 
NW... 
NW... 
NW.W 
E.  NE. 
NE  ... 
SW... 
SW. .. 
oyY  • . . 
SB.  E. 
SW.  .. 
NW... 

s w^. . . 

SW... 
NE.  .. 
SW... 


NW... 
NE.  .. 
SW... 
NE.  .. 
W.SW 
SW.  -. 
NE.  .. 
8.  ... 
N.NW. 
NW... 
SW.  .- 
SW. .. 
o  W ... 
NB  ... 
NE  ... 
SW.  .. 
SW.  .. 
NW  .. 
NE.  .. 
NE... 
NW  .. 
NE.  .. 
W.SW 
NW... 
NB.  .. 
SW  .. 
NB... 
8 


Velocity,  in 
miles,  per 
hour. 


2 
2 
4 
4 

2 
3 
4 

2 
3 
3 
2 
4 
4 
3 
3 
3 
3 
3 
2 
2 
4 
2 
3 
3 
3 
25 
25 
12 
12 
2 
4 


4 
4 

12 
4 
2 
4 
2 
2 
2 

12 
4 
4 
4 
2 
2 

12 

25 
3 
2 

25 
2 
4 
2 
2 
2 
2 
3 
2 


a 


4 

12 
4 
4 
3 
4 
4 
2 
2 
2 
2 
2 
4 
4 
.  2 
12 
2 
4 

12 

4 

3 

12 

4 

3 

2 

35 

45 

45 

35 

4 

12 


4 

4 

35 
4 
4 

12 
2 
2 
4 
2 

12 
4 

12 
2 
4 

35 

25 
2 
2 
2 
3 
4 

12 
4 
4 
4 
4 
3 


a 

Oi 


4 
4 

2 
2 
3 
4 

3 
3 
4 

2 

3 

2 

2 

2 

3 

3 

12 

12 

4 

4 

3 

4 

3 

2 

3 

25 

25 

45 

4 

2 

12 


2 
4 

25 
4 
4 

25 

2 

2 

25 

12 

25 

12 

25 

4 

4 

35 

2 

2 

12 

2 

12 

2 

12 

4 

4 

13 
2 
2 


—  2 

S    OB 


2.3 
5.3 
3.3 
2.3 
0.7 
3.0 
2.7 
1.3 
2.7 
1.6 
1.7 
1.9 
3.3 
2.7 
1.6 
4.0 
4.7 
6.0 
5.7 
2.3 
2.7 
6.0 
2.7 
1.7 
1.7 
2a3 
22.7 
34.0 
16.0 
1.3 
9.3 


4.5 


ao 

4.0 
24.0 
1.3 
3.0 
13.7 
0.7 
2.0 

a7 

8.7 

13.7 

6.3 

13.7 

2.0 

3.3 

27.0 

17.3 

1.7 

5.3 

9.7 

3.7 

1.7 

6.7 

3.3 

3.3 

6.0 

1.3 

2.0 


3.8 


o 
N.89W. 
S.54  W. 
S.  45W. 
S.31  W. 
S.45W. 
N.77W. 
N.80W. 
N.60W. 
S.45W. 
WeBt  . . 
N.83W. 
North . . 
N.45E. 
N.45B. 
North . . 
S.  6  W 
N.38W. 
N.45W. 
8.79  W. 
N.71  E. 
N.45E. 
S.45W. 
S.45W. 
S.  74  W. 
N.70E. 
S.45W. 
N.87W. 
S.45W. 
S.55W. 
3.45  W. 
S.  45  W. 


S.64W 


N.81  W. 
N.45E. 
S.45W. 
N.45E. 

se5w. 

S.  45  W. 

S.12W. 

South  . . 

N.28W. 

N.45  W. 

S.45W 

S.29W. 

8. 45  W. 

N.28E. 

N.  45  B . 

8.45W. 

S.  45  W. 

S.  74  W. 

N.  45  E . 

N.45E. 

N.27W. 

N.32E. 

S.  28  W. 

N.45W. 

N.45E. 

8.  45  W. 

S.45W. 

South.. 


Amount  of 

doudlnesf. 

(0  =  dear 

sky.) 
(10= «ky  en- 
tirely over- 
cast.; 


10 

10 
6 
10 
10 
10 
10 
10 
10 
10 
10 
4 
.10 
10 
10 
10 
10 
7 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

1 

10 

10 


9.3 


10 
10 
10 
10 
10 
10 

1 

3 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
lU 
10 
10 
10 

9 
10 
10 

0 
10 


S.58W.;  8.2 


B 

Oi 


4 

10 
0 
9 
10 
10 
10 
10 
10 
10 
10 
3 
10 
10 
3 
10 
10 
10 
0 
10 
10 
10 
10 
10 
10 
10 
10 
10 
0 
10 
10 


8.5 


10 

10 

10 

10 

10 

10 

1 

9 

10 

1 

5 

7 

10 

10 

9 

3 

1 

10 

10 

10 

10 

7 

10 

10 

3 

10 

1 

10 


7.0 


a 
a* 


10 
0 
0 
10 
10 
10 
10 
10 
10 
10 

1 

10 
10 
10 

0 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

0 
10 

0 

0 
10 


7.8 


6 
10 
10 
10 
10 

6 

0 
10 
10 

1 

10 
10 
10 
10 
10 
10 

1 

10 
10 
10 
10 

0 
10 

8 

1 

0 
0 
4 


6.4 


is 

a 

CO  a 
*•§ 

< 


.28 


.08 


.02 
.02 


18 
14 


96 
04 
03 


01 
10 
94 
14 


1.77 


22 


.30 
.06 


.18 


Ot 
OC 


12 


.22 
.02 
.16 


1.36 
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Reductions  of  the  monthly  meteorologieal  regisier  of  tkg  firtqi ^     In 


TKMPERATURK—FAHRENHXIT. 

TAPOB. 

Barometer  reduced  to  temperattire 
of  32^  Fahr.,expre«iedin  United 

1 

States  inches  and  decimals. 

Wet  bulb,  or 

Dry 

bulb,  or  tern- 

ElasticitjiBU.8. 

Date. 

point  of 

peratare   of   the 

iodkes  sad  deci- 

evaporation. 

open  air. 

a 
a 

0 

• 

a 

a 

mals. 

• 

S 

• 

a 

• 

B 

i 

4* 

• 

S 

• 

S 

• 

S 

• 

a 

a 

• 

a 

• 

s 

«              • 

a    s 

^'s 

cj 

e. 

• 

i< 

• 

• 

«8 

p. 

• 

a 

<i      o. 

a    t 

»» 

01 

o> 

S 

o 

o 

O 

o 

o 

A 

X 

s 

i 

r* 

at 

«'s 

1867. 

O 

o 

O 

o 

Ifareh    1  ,99.203 

28.924 

28.747 

2&958 

37 

47 

47 

39 

50 

}| 

46.0 

55 

37 

.194;.283.»?.S» 

2 

28.820 

29.097 

29.348 

29.088 

35 

25 

16 

36 

26 

26.7 

50 

18 

.191!.  123. 067.  iS 

3 

29.486 

29.390 

29.197 

29.358 

13 

18 

17 

15 

21 

18 

18.0 

22 

14 

.056!.065.(»^,(W 

4 

29. 124 

29.281 

29.417 

29. 274 

22 

25 

25 

23 

28 

26 

25.7 

:i0 

17 

.i07l.iooLiar.iii 

5 

29.588 

29.651 

29.713 

29.651 

23 

25 

19 

24 

28 

20 

24.0 

32 

20    :.  112 

.100.09».1« 

6 

29.788 

29.637 

29.514 

29.646 

17 

25 

24 

18 

26 

27 

23.7 

32 

17  !.083 

.123.03S.loi 

7 

29.249 

29.328 

29.606 

29.394 

24 

31 

29 

25 

:i3 

30 

29.3 

34 

24  !.  117 

.151.149,13^ 

8 

29.831 

29.741 

29.659 

29.744 

13 

.30 

24 

13 

32 

25 

23.3 

35 

11 

.078 

.144.1 17  jb 

9 

29.574 

29.515 

29.483 

29.524 

26 

35 

29 

27 

38 

31 

32.0 

39 

24 

.129'.165Ll3: 
.170i.2ir.251 

.14^ 

10 

29.320 

29.057 

2a  937 

29.105 

34 

42 

43 

36 

45 

45 

42.0 

47 

31 

.8iC 

11 

29.360 

29.490 

29.431 

29.427 

33 

33 

29 

36 

36 

32 

34.7 

46 

31  t.  149.l49Uiitlil 

12 

29.201 

29.231 

29.301 

29.244 

26 

31 

30 

28 

32 

32 

30.7 

37 

27 

.117.1®!.  144 

i.141 

13 

29.286 

29.203 

29. 267 

29.252 

29 

29 

19 

30 

31 

22 

27.7 

35 

21 

.  H9. 137 

.069.11* 

14 

29.542 

29.553 

29.578 

29.558 

6 

14 

13 

9 

16 

14 

lao 

26 

7 

.O51!.059J.0S7laSil 

15     29.766 

29.730 

29.683 

29.726 

9 

18 

15 

11 

21 

16 

16.0 

23 

8  '.  043!.  06S|.  074,00] 

16     29. 648 

29.414 

29.172 

29.411 

16 

25 

23 

18 

27 

24 

23.0 

29 

12 

.06r\.i%utm 

17 

1  28.909 

29.051 

29.225 

29.062 

24 

26 

18 

25 

28 

19 

24.0 

30 

18 

.117. 1171 0871 MJ 
.054. 0921. 08S.4RII 

18 

29.429 

29.413 

29.428 

29.423 

9 

19 

17 

lU 

20 

18 

16.0 

26 

8 

19 

29.574 

29.601 

29.  672 

29.616 

11 
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tA«  northern  and  northwestern  lakes  at  Buffalo, 

New  Yi 
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TEMPERATURE— FAHRXNHZrr. 

▼APOL 

Baromeler  reduced  to  temperature 
of  32°  Fahr. ,  exprened  in  United 

States  inches  and  declmaU. 
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29.660 

29.713 

25 

37 

32 

27 

45 

36 

36.0 

46 

2:1 

.112 

L1I6 

.laLus^ 

4 

29.557 

29.285 

29.251 

29.364 

36 

50 

47 

41 

57 

51 

49. 7  i  63 

32 

.147!.26^Sia.aj 

5 

29.154 

29.191 

29.208 

29.184 

48 

50 

.49 

54 

51 

52 

52.3 

56 

43 

.256.34^38^39^ 

6 

29.232 

29.246 

29.18r 

29.222 

42 

44 

39 

43 

45 

41 

4a  0 

53 

3» 

.254 

.973L219LM 

7 

29.207 

29.  1T2 

29.165 

29.181 

38 

43 

36 

41 

47 

38 

42.0 

51 

38 

.19Uj.99Si.]84.»| 

8 

2a  075 

28.947 

28.922 

28.981 

36 

44 

41 

,38 

49 

43 

4a  3 

50 

36 

.186 

.9B3LaiL«g 

9 

2a  887 

28.933 

28.995 

2a  938 

39 

38 

36 

41 

39 

38 

39.3 

45 

37 

.3(2 

.2M.lM.9i 

10 

29.0«7 

29. 122 

29.135 

29.1i5 

38 

42 

36 

41 

47 

38 

42.0 

47 

34 

.190 

.  90B|.  IMt  fi3| 

11 

29.257 

29.296 

29.292 

29.282 

37 

42 

37 

41 

45 

39 

41.7 

46 

32 

.168 

.SB 

IHW^ 

12 

29.266 

29.458 

29.386 

29.370 

41 

45 

41 

45 

52 

45 

47.3 

54 

32 

.905.  2071.  SBSl.«i 

13 

29.324 

29.076 

28.899 

29.100 

38- 

49 

5Q 

42 

53 

52 

49.0 

57 

40 

.177 

L99Q1.334M 

14 

28.867 

28.897 

28.927 

28.897 

40 

43 

40 

41 

45 

41 

42.3 

53 

39 

.935 

.251 

l««^ 

15 

28.870 

28.895 

29.020 

28.928 

39 

41 

42 

40 

42 

44 

42.0 

46 

37 

.223 

.9C4S4IM 

16 

29.132 

29.164 

29.  162 

39.153 

40 

46 

42 

43 

50 

43 

45.3 

51 

39 

.908 

iSHiM 

17 

29.238 

29.276 

29.436 

29.313 

43 

43 

42 

48 

45 

45 

46.0 

51 

40 

.919 

.951 

•*4S3 

18 

29.506 

29.496 

29.484 

29.495 

41 

45 

41 

45 

49 

42 

45.3 

53 

38 

.816 

.917 

.9443 

19 

29.471 

29.400 

29.338 

29.403 

44 

50 

35 

47 

59 

37 

47.7 

60 

37 

.949 

.9H(.11li.0| 

20 

29.231 

29.268 

25.216 

29.238 

45 

48 

46 

47 

52 

49 

49.3 

52 

46 

.271 

.2M^S7]j.t^ 

21 

29.137 

28.934 

28.804 

28.958 

40 

51 

49 

49 

54 

90 

51.0 

57 

43 

.130 

^s^siq.^ 

22 

2a782 

28.809 

28,820 

28.804 

49 

46 

43 

51 

48 

44 

47.7 

52 

43 

.321 

.204 

.9M.ff 

23 

28.815 

28.982 

29.080 

28.959 

40 

43 

42 

42 

43 

44 

4a  0 

44 

40 

.2i\ 

.9»5 

.MILtr 

24 

^.254 

29.263 

29.253 

29.257 

44 

50 

45 

46 

54 

.50 

5a.  0 

54 

42 

.962 

.306 

.9Ntfl 

25 

29.233 

29.121 

29.059 

29.134 

47 

55 

51 

54 

63 

52 

56.3 

67 

46 

.231 

.3r 

.3|R)ll 

96 

29.137 

29.195 

29.301 

29.611 

46 

50 

45 

49 

53 

47 

49.7 

67 

44 

.271 

.»L 

.3j3Lin 

27 

29.439 

29.445 

29.428 

29.437 

43 

54 

47 

44 

57 

52 

51.0 

58 

37 

.964 

.37a 

.Sm.9| 

28 

29.423 

29.199 

29.178 

29.267 

46 

60 

49 

50 

63 

52 

55.0 

66 

47 

.258 

.4W 

.3QS,M 

29 

29.185 

29.232 

29.251 

29.223 

51 

56 

49 

53 

58 

51 

54.0 

59  I  48 

.348 

.m 

.38$3M| 

SO 

29.313 

29.328 

29.298 

29.313 

48 

50 

49 

50 

52 

52 

51.3 

51 

47 

.309 

•  «NP« 

.3U 

'3 

31 

29.462 

29.498 

29.456 

29.472 

41 

49 

43 
42.1 

43 
45.5 

52 
51.6 

45 
4a  1 

46.7 

S3 

67 

42 

t 

98 

.231 

.230 

.306 

.2U 

.Sfl 

MeMU.... 

29.220 

29.213 

29.209 

29. 214 

41.0 

4^4 

47.7 

.285 

.251 

.S3 

4 

^vne      1 

29.408 

29.230 

29.186 

29.275 

39 

69 

59 

92 

74 

64 

6a3 

78 

41 

.068 

.641 

.433 

.351 

2 

29.ia3 

2a  988 

28.888 

29.003 

58 

63 

62 

62 

67 

64 

64.3 

78 

41 

.429 

.582 

[5».4a 

3 

2a  886 

28.955 

29.019 

28.952 

59 

56 

50 

61 

58 

52 

57.0 

65 

51 

.473 

.422 

.W.4M 

.348. 4ti 

4 

29.  21)3 

29.219 

29.265 

29.296 

32 

60 

51 

54 

63 

53 

5a7 

65 

49 

•  *  •  • 

.478 

5 

29.395 

29.411 

29.312 

29.373 

52 

60 

58 

53 

70 

62 

61.7 

71 

47 

.375 

..385 

.491. » 

6 

29.314 

29.270 

29.236 

29.273 

59 

67 

63 

65 

78 

68 

70.3 

79 

54 

.42f> 

.514 

.509.4^4 

7 

29.293 

29.277 

89. 329 

29.300 

64 

73 

59 

69 

8:) 

63 

71.7 

84 

61 

.529 

.677 

.447.»4 

8 

29.394 

29.411 

29.392 

29.399 

54 

58 

58 

61 

70 

62 

64.3 

72 

58 

.325 

.323 

.4«.a^ 

9 

29.489 

29.438 

29.452 

29.460 

58 

^ 

55 

63 

75 

62 

6a3 

77 

52 

.416 

.3ie 

.34w.3Sq 

10 

29.506 

29.487 

29.438 

29.477 

57 

\\ 

59 

64 

79 

67 

7ao 

81 

51 

.373 

.296 

.n!Sf 

11 

29.481 

29.430 

29.325 

29.  412 

66 

63 

59 

70 

78 

72 

7:*.  3 

81 

59 

.  5M> 

■  w#M 

.397149 

12 

29.35(i 

.  29. 349 

29.334 

29.344 

57 

61 

99 

59 

63 

61 

61.0 

73 

58 

.439 

.  5lOL47X47f 

13 

29.447 

29.423 

29.392 

29.  421 

58 

63 

59 

60 

69 

62 

6a  7 

71 

56 

.45t> 

.4S».4CS^ 

14 

29.453 

29.  .337 

29.303 

29.  .364 

61 

70 

64 

69 

83 

69 

7a  7 

84 

58 

.43) 

.556}.99^S0| 

15 

29.283 

29.250 

29.196 

29.243 

66 

63 

66 

73 

74 

68 

71.7 

74 

63  .545. 

.42^ 

Mi 

.a^ 

16 

29.231 

29.345 

29.358 

29.311 

64 

69 

65 

66 

72 

67 

6a3 

75 

64   .569] 

t«  %WO| 

.mi 

.M 

17 

29.411 

29.33i 

29.263 

29.335 

67 

74 

67 

70 

81 

73 

74.7 

82 

61 

.622^ 

.74S 

.ai 

.M 

18 

29.301 

29.366 

29.  462 

29.376 

64 

61 

52 

66 

68 

58 

64.0 

78 

57 

.5^ 

•  e^^w 

.am 

Lw 

19 

29.557 

29.543 

29.517 

29.539 

54 

60 

56 

60 

69 

60 

sac 

70 

40 

.338'.39$ 

.»i 

.9i| 

20 

29.522 

29.533 

29.522 

29.526 

56 

63 

56 

58 

7:j 

58 

6ao 

76 

51 

.4221 

.449 

.49 

,m 

21 

29.577 

29.502 

29.488 

26.522 

58 

69 

62 

60 

81 

67 

69.3 

62 

53 

.456 

•^ 

22 

29.491 

29.439 

29,431 

29.4.M 

61 

70 

66 

66 

86 

70 

74.0 

86 

59 

.47U 

.5ifl 

msBi 

23 

29.433 

29.  .343 

29.  .345 

•29.  374 

63 

71 

69 

69 

88 

72 

7a  3 

90 

65 

.495 

.610 

'     1 

24 

29.295 

29.221 

29.210 

29.242 

«7 

75 

70 

72 

89 

74 

7a  3 

90 

64 

.595 

.6781 

.619 

.CSv 

25 

29.202 

29.182 

29.223 

29.202 

70 

76 

67 

77 

81 

73 

77.0 

88 

68 

.639 

.6291 

.581 

'^2 

26 

29.283 

29.288 

29.308 

29.293 

67 

71 

68 

73 

75 

71 

7a  0 

76 

65 

.581 

.704 

.644 

.W 

27 

29.  .TO  I 

29.219 

29.231 

29.250 

67 

72 

67 

70 

82 

70 

74.0 

63 

64 

.69.4 

.«.^ 

28 

29.389 

29.  43  > 

29.486 

29.437 

59 

68 

61 

63 

72 

64 

6a3 

79 

62 

.4475 

.Oil 

.497.S^ 

29 

29.497 

29.405 

29.296 

29.399 

58 

63 

63 

60 

72 

68 

66.7 

73 

51 

.4ii6i 

.4S5 

.5ai.li: 

30 

29.161 

29.042 

29.042 

29.082 

68 

69 

68 
61.3 

70 
64.5 

78 
75.0 

70 
6Sk5 

72.7 

61 

68 

.658 

6SB.CI 

Meaas.... 

29.356 

29.322 

29.306 

29.329  59.4 

66.0 

68.3 

90 

40 

.476 

.531 

494.5H 
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the  nortkem  and  narthweMten  lakn  at  Buffalo^  Neva  York. 


TAPOR. 


Homidity. 
Saturation  =  1,000. 


• 

B 

i 

• 

a 

d 

d 

• 

r- 

c« 

A 

.907 

.910 

.726 

.TfW 

.719 

.569 

.761 

.386 

.610 

.567 

.577 

.722 

.613 

.929 

.794 

.916 

.920 

.824 

.738 

.698 

.811 

.811 

.638 

.8;j3 

.894 

.907 

.903 

.738 

.65^4 

.811 

.653 

.762 

.816 

.684 

.535 

.684 

661 

.733 

.861 

.912 

.840 

.912 

.910 

.914 

.83.1 

.750 

.716 

.916 

.631 

.840 

.762 

.684 

.710 

.914 

.772 

.484 

.807 

.847 

.727 

.781 

.373 

.802 

.9^ 

.859 

.850 

.918 

.8!^ 

1.U0I) 

.836 

.843 

.738 

.646 

.552 

.568 

.930 

.781 

.798 

.847 

.918 

.812 

.660 

.716 

.831 

.794 

.864 

.876 

.  c«M7 

.856 

.861 

.794 

.833 

.794 

.840 

.786 

.770 

.831 

.175 

.764 

.727 

.772 

.790 

.888 

.H82 

.876 

.861 

.831 

.864 

.932 

.525 

.772 

.660 

.5n 

.743 

.747 

.600 

.776 

.606 

.441 

.772 

.723 

.:m 

.612 

.625 

.300 

.5!>5 

.799 

.392 

.417 

.878 

.886 

.882 

.880 

.700 

.828 

.607 

.495 

.747 

.672 

.511 

.895 

.891 

.652 

.893 

.848 

.704 

.716 

.891 

.793 

.641 

.653 

.564 

.765 

.876 

.545 

.876 

.880 

.518 

.740 

.735 

.417 

.799 

.700 

.559 

.852 

.758 

.497 

.810 

.6e9 

.784 

.716 

.716 

.812 

.850 

.848 

.595 

.848 

.776 

.804 

.833 

.880 

.582 

.743 

.  KW 

.613 

.898 

.759 

.622 

.778 

i 


.848 
.692 
.586 
.622 
.779 
.887 
.749 
.761 
.878 
.724 
.744 
.634 
.752 
.888 
.887 
.794 
.744 
.769 
.688 
.7^5 
.701 
.876 
.  coo 
.742 
.683 
.8<)9 
.797 
.780 
.866 
.837 
.822 


.796 


.555 

.817 
.873 
.847 
.743 
.6.VJ 
..708 
.  606 
.567 
.507 
.  5>')6 
.882 
.803 
.616 
.693 
.879 
.756 
.775 
.661 
.766 
.713 
.684 
.704 
.688 

.r» 

.793 
.764 
.804 
.735 

.803 

.7-22 


WIHD. 


Direction. 
From  whenee. 


NW.  - 
NW  .  . 
NE.  .. 
NE  ... 

8 

8W  .  . 
W.SW 
N.NW. 
NW.  . 
SW  .  . 
8W  .  . 
SW  .  . 
NE  ... 
W.SW 
W.8W 

SW  . . 

SW.  . 
NW.  . 
NB  ... 
NB... 
NE  .  . . 
SW  .  . 
8W  .  . 
W.SW 
S.SB.. 
SW  .  . 

8 

NE  .. . 

N 

SW... 
N.NW. 


NE  ... 

S 

SW  .  . 
SW.  . 
W.SW 
W.SW 
SW  . 
NE  .. 
NE  .. 
NB  .. 

SW  •: 

SW  . 

SW  . 

SW  . 

SW  . 

W.SW 

NE  .. 

S.... 

NW. 

SB... 

SW  . 

8W. 

SW  . 

SB... 

SB... 

S.... 

8  .... 

W.NW 

SW 

SW 


a 

en 


NW. 
NW. 
NE.. 
SB... 

•9   .... 

SW  . 

W.SW 

N.NW 

W.SW 

SW 

SW 

SW 

NE  . 

W.SW 

SW  . 

SW  . 

SW  . 

SW  . 

NW. 

NB  .. 

NB  .. 

SW  . 

SW  t 

SW. 

S    ... 

SW. 

W.SW 

NB  ... 

W.SW 

SW.. 

W.SW 


NE  ... 

S 

SW  .  . 
SW  .  . 
W.SW 
W.SW 
NE  ... 
NE  ... 
NE  ... 
S.SB. . 
SW  .  . 
SW  .  . 
SW  .  . 
SW  .  . 
SW  . 
W.SW 
SW  .  . 
W.SW 
W.SW 
W.SW 
W.NW 

WJ      .... 

NE  ... 
Sci. ... 
SB.... 

8 

SW  .  . 
W.SW 
SW  .  . 
SW  .  . 


a 


NW. 
NW. 
NW. 

S  ...  I 
8  ... 
SW  . 
SW  . 
NW. 
SW  . 
SW  . 
SW  . 
NE  . 
NE 
W.SW 
NW 
SW 
NW 
SW 
NB  . 
E... 
NE  . 
SW 
SW 
NE  . 
W.SW 
SB... 
NB  .. 
NE    . 
W.SW 
SW  . 
N.NE 


NE  .. 
NE.. 
SW  . 
SW  . 
BSE 
NW. 
NE  .. 
NE  .. 
NE  .. 
B.byN 
SW. 
SW  . 
SW  . 
SW  . 
SW  . 
SW  . 
NB  .. 
NW. 
W.SW 
E.NE 
E.NC 
W.SW 
SW. 
SE. . . 
SE... 
S  .... 
SW  . 
W.SW 
SW  . 

w.. 


Yelocitj,  in 
miles,  per 
hour. 


S 


12 
2 
2 
4 

12 
2 
2 
4 
4 
4 
4 
4 
4 
4 
2 
2 
2 
4 
2 
2 
4 
4 

35 
4 
4 
4 
2 
4 
2 
2 
4 


2 
2 
4 

12 
2 
4 
S 

12 
8 
2 
2 

12 
4 
2 
2 
2 
2 
2 
2 
2 
2 
2 
4 
2 
2 
2 
2 

12 
2 

35 


a 


12 

4 

2 

12 

12 

2 

2 

12 

12 

4 

12 

12 

4 

12 

4 

4 

2 

4 

4 

2 

12 

4 

25 

4 

25 

12 

2 

4 

4 

4 

4 


4 

12 

35 
4 
4 
4 
4 

25 
4 
4 
4 

12 
4 
4 
4 
4 
2 

12 
4 
2 
2 
2 
4 
2 
2 
2 
2 
4 
4 

45 


a 

d 


4 

2 
4 

12 

12 

2 

4 

12 

4 

2 

2 

2 

2 

12 

4 

4 

2 

2 

4 

2 

12 

25 

12 

2 

12 

2 

2 

12 

4 

2 

2 


11 


4 

2 

12 
4 
2 
2 

12 
4 
2 
2 
4 

12 
2 
2 
4 
2 
2 
4 
4 
2 
2 
2 
2 
2 

12 
2 

35 
2 
4 
2 


9.3 
2.7 
1.9 
7.0 
12.0 
2.0 
2.7 
9.3 
5.7 
3.3 
6.0 
4.7 

a3 

9.3 
2.3 
3.3 
1.7 

a.6 

2.6 

1.7 

9.3 

11.0 

24.0 

2.0 

11.7 

5.3 

0.7 

&7 

2.7 

2.7 

1.3 


2.7 


a2 

4.3 

17.0 

6.0 

1.7 

ao 

4.7 

ia7 

2.6 
1.7 

a2 

12.0 

a  2 

2.6 

a2 

2.3 
0.7 
4.7 

ao 

0.7 
0.3 
2.0 
0.7 
2.0 
5.3 
2.0 

lao 

5.7 

a2 

27.0 

ao 


§ 


V 

a 


N.45W 

N.45  W 

North. 

S.33E 

South. 

S.45W 

.S.57W 

N..32W 

8.75W 

S.45W 

S.45W 

N.45W 

N.45B 

S.67W 

S.85W 

S.45W 

S.74W 

8.80W 

N.  lOE 

N.56E 

N.45E 

S.  45  W 

8. 45  W 

S.  61  W 

8. 16  W 

S..38W 

8. 13  W 

N.45E 

8.83W 

S.  45  W 

N,58W 


S.55W. 


N.45B. 
S.  6  E  . . 
S.  45  W. 
S.  45  W. 
S.52W. 
8.79W. 
N.45E 
N.45B. 
N.45E. 
8. 76  B  . 
S.  45  W. 
8.  45  W. 
S.  45  W. 
S.  45  W. 
S.  45  W. 
S.63W. 
N.45E 
S.  75  W. 
S.79W. 
S.  45  E . 
N.78W. 
S.60W. 
8.  45  W. 
S.  45  E  . 
S.45E. 
Sonth . . 
S.  43  W. 
N83W. 
S.  45  W. 
S.  46  W. 

S.44W. 


Amount  of 

cloudlnesii. 

(OE=clear 

•ky.) 
(10=sk7  en- 
tirely orer- 

caiit.) 


a 

• 

a 

d 

• 

r» 

Ol 

10 

10 

10 

9 

0 

0 

10 

10 

10 

10 

10 

10 

3 

10 

10 

10 

10 

10 

10 

7 

1 

1 

0 

0 

10 

10 

10 

10 

10 

10 

I 

0 

8 

10 

10 

9 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

4 

6 

0 

9 

10 

3 

0 

10 

10 

10 

10 

4 

no 

10 

10 

3 

7.6 

7.8 

3 

6 

10 

10 

10 

8 

9 

8 

10 

I 

6 

9 

1 

10 

10 

10 

1 

0 

1 

0 

1 

3 

10 

10 

1 

0 

1 

2 

10 

6 

10 

10 

10 

2 

10 

6 

0 

0 

10 

10 

4 

10 

6 

3 

3 

10 

6 

4 

3 

9 

9 

10 

1 

9 

10 

10 

4 

0 

3 

5 

5.8 

6.0 

a 

e. 


0 

0 

4 

10 

10 

4 

10 

10 

10 

1 

0 

9 

10 

10 

10 

10 

5 

1 

10 

8 

10 

10 

10 

0 

10 

0 

0 

8 

1 

10 

0 


6.2 


1 

10 
10 

0 
10 

0 

9 

0 

0 

0 

9 
10 

1 

7 
10 

0 
10 

0 

0 

3 

2 

0 

3 

2 

6 

1 
10 

1 
.2 

9 

4.2 


Sat)  • 

< 


^1 

a-9 

u    • 

la  A 

ill 


.52 
.54 


9S 


.10 
.06 


.30 


.46 


.34 
.90 
.90 


.18 


24 


a78 


.06 
.36 


.16 


.04 


04 
90 


.10 


.20 
.40 


1.56 
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Rtduetiont  of  the  montklff  meteorological  regtMUrof  tkennt^tf 


TEMPERATURB^FAHRRNHETT. 

▼APOK. 

Barometer  rednoed  to  temperature 

of  32^  Ftihr,  expreMed  In  United 

1 

1 

State*  inches  and  decimals. 

Wetbnlb,  or 

Dry  bnlb,  or  tem- 

Elastidty.iaU.S. 

Dat«. 

point  of 

peratn 

re  of  the 

inclm  and  dee- 

evaporation. 

open  air. 

• 

a 

a 

a 

B 

a 
B 

•-* 

mab. 

a 

• 

a 

-  . 

a 

• 

s 

• 

a 

• 

a 

• 

B 

• 

a 

• 

a 

• 

a 

• 

9 

• 

a 

•      -      • 

cj 

• 

• 

« 

d 

a 

a 

d 

a 

o. 

9 

ft 

O 

«i 

c.;  ii 

r- 

« 

Ok 

X 

r» 

Ol 

at 

o 

o 

Ol 

o 

o» 

0 

s 

o 

i 

t» 

1 

1067. 

o 

o 

o 

o 

1 

Jmly       1 

29.251 

29.247 

29.263 

29.254 

63 

76 

67 

66 

79 

69 

71.3 

8U 

58 

.536 

.856.63S.r8 

'       2 

29.337 

29.298 

29.281 

29.305 

51 

71 

64 

60 

75 

70 

68.3 

76 

54 

.255.704'.5l6.4ffl 
.655.744.447.6151 

3 

29.243 

29. 240 

29.183 

29.222 

69 

73 

59 

73 

78 

73 

74.7 

83 

60 

4 

29.170 

29.112 

29.183 

29  155 

70 

73 

67 

74 

77 

69 

73.3 

81 

68 

.679.757i.SK^«l| 

5 

29.252 

29.159 

29.133 

39.181 

61 

74 

70 

62 

82 

73 

72.3 

82 

61 

.523.731 

.fin..  649 

6 

29.053 

29.102 

29.246 

29.134 

73 

71 

65 

76 

74 

68 

72.7 

77 

68 

.771 

.  7181.577. 6» 

7  1  29.243 

29.255 

29.324 

29.274 

68 

69 

62 

73 

76 

65 

71.3 

77 

65 

.618 

.6I4.5I&.S«3 

8  '  26.414 

29.398 

29.409 

29.407 

55 

64 

59 

61 

75 

63 

66.3 

76 

50 

.3.M.  449.447.417 

9     29. 40-> 

29.398 

29.455 

29.419 

55 

58 

56 

57 

67 

57 

60.3 

67 

55 

.407.3fi3.436i.4fl8 

10     29. 510 

29.441 

29.361 

29.404 

56 

63 

60 

59 

70 

66 

65.0 

72 

49 

.469.482,.43BL4«3 

11     29. 261 

29.224 

29.238 

29.241 

61 

69 

70 

70 

80 

71 

73.7 

81 

64 

.516   561.7201.50 

12  I  29. 286 

29.292 

29.a'y? 

39.322 

61 

75 

55 

64 

81 

56 

67.0 

81 

56 

.4«l7:.787L420(.5fi8 

13 

29.537 

29.5^3 

29. 575 

29.568 

55 

57 

53 

60 

69 

57 

62.0 

70 

51 

.367.306*  330^.341 

14 

29.614 

29.554" 

29.528 

29.565 

58 

75 

62 

65 

80 

67 

70.7 

81 

46   .389. 800!. 489. SCI 

15 

29.463 

29.319 

29.298 

39.360 

61 

70 

66 

69 

82 

67 

72.7 

85 

56  ,.430.572:.e«.543| 

16 

29.390 

29.385 

29.434 

29.403 

56 

68 

59 

59 

72 

65 

65.3 

73 

54 

.40«*i  611.4».4g7 

17 

29.504 

29.483 

29.501 

29.496 

56 

68 

64 

61 

73 

66 

66.7 

75 

51 

.44.3!  648,.S«».5S3 

18 

29.486 

29. 462 

29.451 

29.468 

60 

66 

6U 

68 

77 

66 

70.3 

78 

52 

.411 

.4^2.438.447 

.641.W3.4ffl 

19 

29.457 

29.420 

29.414 

29.430 

58 

69 

56 

60 

74 

61 

65.0 

74* 

.v> 

.456 

20 

29.482 

29.375 

29.371 

29.409 

60 

70 

66 

62 

76 

70 

69.3 

78 

55 

.491 

.634^.  586. 5» 

21 

29.288 

29.192 

29.194 

29.225 

64< 

79 

62 

71 

81 

65 

78.3 

80 

6U 

503 

.963..  516. 661 

22 

29.231 

29.195 

29.223 

29.216 

66 

71 

67 

70 

76 

69 

71.7 

77 

63 

.586 

.69li.6».CP 

23 

29.305 

29.290 

29.28i 

29.293 

69 

75 

69 

72 

78 

73 

74.3 

80 

66   .668 

.8i7 

.655.717 

24 

29.308 

29.230 

29.228 

29.255 

69 

74 

70 

71 

78 

71 

73.3 

82 

68  i.682 

.785 

•^^rl* 

25 

29.213 

29.  193 

89.148 

29.185 

67 

70 

70 

69 

73 

71 

71.0 

75 

69  1.635 

.893 

.7*>l» 

26  1  29. 133 

29.157 

29. 221 

29.170 

68 

71 

65 

69 

79 

70 

72.7 

81 

54 

.671 

.651 

.550,e4 

27  i  29.245 

29. 192 

99.192 

29.210 

68 

72 

73 

72 

81 

77 

76.7 

a5 

60 

.63l.»i3 

.7si,m 

S8 

29.178 

29.082 

29.097 

29.119 

73 

76 

71 

75 

81 

72 

76.0 

82 

73 

.784.829 

.745 

!«^, 

29 

29.248 

29.305 

29.409 

29.321 

62 

63 

57 

67 

72 

63 

67.3 

74 

63 

.489.435 

r.386 

30 

29.492 

29.  4611 

29.497 

29.483 

58 

69 

56 

62 

74 

60 

65.3 

75 

54 

.4-29*  641 

.306 

31 

29.454 

29.367 

29.283 

29.368 

56 
62.4 

68 

71 
65.5 

59 

61 

79 
76.4 

69 
67.1 

69 

69.7 

80 
76 

51 

.  383j.  &\ 

.JB7 

Xcau.... 

29.337 

29.304 

29.316 

29.319 

63.2 

66.4 

70.0 

46  |.  521 1.  657 

.542*^ 

Avf.      1 

29.245 

29.186 

29.153 

29.195 

65 

64 

72 

68 

69.7 

65 

.631.577 

i 

2 

29.136 

29.175 

29.223 

29.178 

64 

71 

64 

68 

76 

69 

71.0 

77 

(i6 

w  543. 6911. SSL  W 

3 

29.381 

29.410 

29.444 

29.412 

61 

63 

62 

66 

74 

65 

68.3 

74 

60 

.470.4291.516.4731 

4 

29.486 

29.495 

29.491 

29.491 

60 

72 

66 

64 

76 

70 

70.0 

77 

59 

.4»i5.73l.586«.5W 

5 

29.515 

29.510 

29.493 

29.506 

65 

74 

69 

72 

78 

73 

74.3 

79 

66 

.  524. 785. 655!.  g 

6 

29.478 

29.419 

29.465 

29.454 

65 

74 

70 

67 

82 

78 

73.7 

83 

65 

.591.TJI.706-OT 
.679.7l9.7t«,Wl] 

7 

29.460 

29.399 

29.4a't 

29.421 

70 

75 

70 

74 

86 

72 

77.3 

86 

64 

8 

29.398 

29.  321 

29.355 

29.:i58 

70 

74 

6J 

75 

85 

72 

77.3 

86 

63 

.666. 691. 668;.  6» 

9  1  29.371 

29.35? 

29.340 

29.356 

68 

73 

70 

70 

83 

74 

75.7 

74 

65 

.658.677.67»-«n 

10 

29.381 

29.  434 

29.504 

29.440 

67 

69 

5H 

70 

80 

65 

71.7 

8J 

66 

.6J2.56I.3».« 

11 

29.58ti 

^.492 

29.504 

29.527 

62 

69 

60 

64 

81 

65 

70.0 

82 

55 

.529.547!.45U3« 

12 

29.401 

29.269 

29. 18.1 

39.285 

58 

69 

67 

65 

82 

73 

73.3 

82  ;  53 

.389;.534L5Bi:»l 

13 

29.047 

29.080 

29.135 

29.0^7 

72 

72 

71 

76 

75 

72 

74.3 

76     69 

.731.744.745.744 

14 

29.271 

29.3:J7 

29.392 

29.33:1 

65 

74 

57 

66 

79 

62 

69.0 

79 

62 

.604. 772!.  389^.59! 

15 

29.406 

29.  442 

29.412 

29.420 

60 

63 

61 

64 

81 

62 

69.0 

81 

54 

.465. 335-.  Sa.  441 

16 

29. 326 

129.245 

29.236 

29.269 

64 

69 

64 

68 

76 

68 

70.7 

77 

61 

.543.614.5li5W 

17 

29.168 

29.160 

29.06J 

29.136 

65 

72 

64 

67 

78 

71 

72.0 

79 

60 

.594.704.5»5» 
.6I4!.70CI.6I^««S 
.407.545.«4ll5Jl 
.3e9.5l(^,5li«jj 

18 

29.155 

29.142 

29.163 

29.  l.'U 

69 

73 

68 

76 

81 

73 

76.7 

82 

69 

19 

29.311 

29.313 

29.346 

29.323 

.59 

66 

59 

66 

73 

64 

67.7 

75 

61 

20 

29.412 

29.333 

29.369 

29.  .388 

56 

65 

62 

62 

73 

63 

66.0 

73 

57 

21 

29.411 

29.274 

29.296 

29.327 

61 

72 

61 

66 

80 

68 

71.3 

81 

53 

.470. 677:.  443}.  SW 

22 

29.331 

29.252 

29.2.38 

29.275 

58 

70 

61 

61 

81 

67 

69.7 

82 

57 

.  443 .  585 

-457L« 

23 

29. 214 

29.114 

29.123 

29.150 

59 

72 

66 

61 

80 

73 

71.3 

80     55 

.  4731. 677 

.54S.96SI 

24 

29.216 

29.202 

29.  352 

29.257 

61 

65 

56 

68 

77 

62 

69.0 

77 

63 

.  44.1 .  591 

.Am 

35 

29.474 

29.472 

29.501 

29.482 

57 

62 

60 

61 

77 

66 

68.0 

78 

47 

.4121 489. 43B.4W 

26 

29.504 

29.406 

29.355 

29.  422 

.'i9 

72 

60 

65 

87 

76 

76.0 

87 

53 

.4201 58*.  365. 15 
.469|.6W.54i5g 
.S55.757.4M^.6C 
.411?.  407^,  4071. 4!J 

27 

29.368 

29.209 

29.175 

39.251 

63 

73 

67 

71 

86 

76 

77.7 

86 

69 

28 

29. 085 

23.152 

29.112 

29.116 

69 

73 

63 

73 

77 

70 

7a3 

77 

70 

29 

29.2.W 

29.231 

29.265 

29.252 

58 

59 

55 

63 

66 

57 

ft&O 

72 

56 

30 

29.  446 

29.499 

29.515 

29.487 

47 

53 

52 

49 

63 

57 

56.3 

63 

46 

.297;.270'.««.«« 

31 

29.470 

29.293 

29.226 

29.330 

49 
62.2 

56 

68.7 

60 

55 

69 
76.4 

64 
68.1 

62.7 

70 

87 

46 
46 

.•2®'.276.40|.OT 

MeuM  — 

29.346 

29.312 

29.318 

29.325 

63.1 

66.3 

7a  3 

h 

.602 

.5iS|.546 
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iks  northern  and  northw€9Um  lake$  at  Bujfalot  New  York, 


▼APOH. 


Hnmidltj. 
Sataration  =  1,000. 


a 
<a 


.838 
.493 
.807 
.810 
.942 
.860 
.761 
.659 
.874 
.939 
.704 
.833 
.708 
.631 
.607 
.819 
.835 
.601 
.880 
.684 
.663 
.799 
.852 
.  o99 
.  896 
.947 
.804 
.904 
.740 
.772 
.713 


.789 


.604 
793 
.735 
.780 
.668 
.893 
.810 
.768 
.  896 
.848 
.888 
.631 
.815 
.945 
.780 
.793 
.893 
.685 
.636 
.665 
.r.J5 
.825 
.882 
.617 
.769 
.680 
.618 
.807 
.723 
.853 
.620 

.771 


a 

01 


.865 
.812 
.776 
.817 
.669 
.856 
.685 
.518 
.55<J 
.656 
.548 
.744 
.432 
.782 
.5;i4 
.804 
.761 
.531 
.764 
.727 
.911 
.771 
.863 
.819 
.854 
.6.17 
.627 
.784 
.582 
.764 
.657 


.713 


.843 
.771 
.511 
.815 
.619 
.669 
.579 
.574 
.600 
.548 
.^18 
.489 
.858 
.779 
.317 
.685 
.734 
.GH5 
.672 
.629 
.661 
.554 
.661 
.893 
.740 
.454 
.513 
.817 
.636 
.470 
.391 

.640 


at 


.896 

.704 

.776 

.896 

.654 

.843 

.636 

.776 

.936 

.685 

.949 

.935 

.752 

.740 

.946 

.680 

.891 

.685 

.712 

.799 

.836 

.696 

.807 

.949 

.949 

.751 

.617 

.950 

.670 

.765 

.518 


.813 


.747 
.747 
.&M) 
.799 
.807 
.900 
.900 
.852 
.810 
.631 
.731 
.716 
.950 
.718 
.942 
.79;J 
.  663 
.761 
.764 
.  942 
.647 
.690 
.672 
.665 
.665 
.340 
.6(13 
.658 
.874 
.692 
.780 

.752 


as 


.866 
.700 
.786 
.841 
.622 
.853 
.761 
.651 
.787 
.761 
.734 
.837 
.631 
.718 
.692 
.768 
.826 
.6  6 
.786 
.803 
.WKJ 
.822 
.841 
.889 
.700 
.785 
.749 
.879 
.664 
.767 
.629 


.772 


.796 
.770 
.694 
.798 
.765 
.8-21 
.763 
.731 
.769 
.676 
.712 
.612 
.874 
.914 
.680 
.757 
.76:} 
.704 
.691 
.745 
.681 
.690 
.738 
.733 
.731 
.491 
.578 
.761 
.744 
.672 
.597 

.721 


WIND. 


Direction. 
From  whenoe. 


a 


E.NB  . 
W.  8W 
SW.. 
W.8W 
NE  .. 

sw.. 

W.8W 

«E  .. 
NE  .. 
S.8E. 
SW.. 
W.NW 
NE  ... 

E 

8W... 
NW... 
NW... 
NW... 
NE  ... 
NE  ... 
W.SW 
W.... 
fsYt  . . . 
8W... 
S.SW- 
SE .... 

w 

8W... 
NW... 
NW... 
8 


8 

8 

N.NW 

SW... 

8W.. 

S.8W. 

SW... 

SW.. 

S.SW. 

w 

NE.... 
E.8E. 
SW... 
NW... 

N 

NE.... 

W.NW 

W.SW 

NW.. 

NB . . . . 

88E.. 

NE..  . 

E.... 

NW... 

NE  ... 

B  .  •  •  •  • 

sw... 

8W... 
NW... 
N.NW 

OEi .... 


8W... 

inr   .... 

SW... 
SW... 
NB. ... 
SW... 
WbyS 
W.SW 
NE  ... 
S.SW. 
SW... 

N 

NE  ... 
E.NE. 
SW  ... 
NW... 
W.SW 
NW... 
NE  .. . 
NB  ... 
W.SW 
W  ... 
SW... 
SW... 
W.SW 
E.NB. 
W^  .... 
SW... 
NW... 
NW... 
s 


s 

S.8W. 

Yl    .... 

SW... 

SW.. 

W.SW 

SW... 

SW... 

W.SW 

NW... 

NE  ... 

W.SW 

SW... 

NW... 

NE  ... 

NE  ... 

W.SW 

W.SW 

W.SW 

SW... 

W.SW 

NE.  .. 

W.SW 

W.SW 

SW... 

S.SW. 

SW... 

SW... 

NW.  .. 

w .... 

s 


s 

at 


8.  SW 

W.SW 

SW.. 

NE. . . 

NE... 

SW.. 

S.SW 

W.SW 

NE.... 

o£ . .. . 

SW... 

NE.... 

NE.... 

NE. ... 

SW... 

NW... 

W.SW 

NW... 

NE. . . . 

NE. ... 

NW... 

Iw^  .... 

8W... 

O  1^  ... 

NE.... 
SB.... 
W  .... 
8  IT  . . . 
NW... 
NW... 
8 


8 

N^r  • . . 
W.SW 
SW... 
SW... 
W.SW 

s^v ... 

SW... 
8W... 
N.NW 
NE  ... 
W  .... 
SW... 
NW... 
E.NE. 
NE  ... 
NEbyE 
SW... 
N.NW 
NE. . . . 
NE. . . . 
NE.:.. 

SVr  . .. 
M .  .... 
NE. ... 
SB.... 

S 

NB.... 
NW... 


W.SW 


Velocity,  in 
miles,  per 
lionr. 


S 

<a 


2 
2 
2 
2 
2 
4 

12 
2 
4 
2 
4 
2 
2 
2 
2 
2 
2 
2 
2 
4 
2 
2 
4 
4 
4 
2 
4 

12 
4 
4 

12 


12 

12 
4 
2 
4 
2 
2 
2 
2 
2 
2 
S 

25 
2 
2 
4 
2 

12 

12 
2 
2 
2 
2 
4 
2 
2 
4 

12 
4 
4 

12 


2 
2 
2 
2 
2 

12 
2 
2 
4 
2 
4 
2 
4 
2 
2 
2 
2 
2 
2 
4 
2 
2 
4 

12 
2 


2 

12 
4 
4 
2 
4 
2 
2 

12 
4 
4 
4 
4 
4 
4 

25 
4 

35 
4 
4 
4 
2 
2 
4 
2 
2 
4 

12 
3 
4 

12 


a 


2 

2 

4 

4 

2 
o 

AT 

2 
2 
2 
2 
12 
2 
2 

2 
2 
2 
2 
2 
4 
2 
2 
2 
2 
2 
2 

12 
2 
2 

25 


25 
4 
2 
2 
2 
2 
2 
2 
4 
2 
2 
4 
2 
2 
2 
2 
2 

25 
2 
2 
2 
2 
2 

12 
2 

12 

12 
2 
4 

12 


Si  0 

Si 

si 


0.7 
2.0 
2.7 
0.3 
2.0 
6.0 
5.0 
1.3 
3.3 
2.0 
6.7 
1.3 
2.7 
2.0 
2.7 
2.0 
1.3 
2.0 
2  0 
3.3 
2.3 
2.0 
3.3 
6.0 
1.3 
2.3 
3.3 
9.3 
3.3 
3.3 
13. 


1.5 


13.0 
7.3 
2.7 
2.7 
2.7 
2.7 
2.0 
2.0 
5.7 
2.3 
2.7 
2.0 

10.3 
2.7 
2.3 

10.3 
1.3 

23.7 
5.3 


0.7 
2.0 
1.0 
5.0 
0.7 
5.0 
6.0 
7.3 

a2 

2.3 

8.7 

2.5 


i 

9 


s.ii  w. 

S.  75  W. 
S.  45  W. 
N.42W. 
N.  45  E 
8.  45  W. 
S.63  W. 
S.41  W. 
N.  45  E. 
S.  13  E. 
8. 45  W. 
N.6  W. 
N.55FP 
N.69E 
8.  45  W. 
.V.45W. 
8.87W. 
N.  45  W. 
N.45E 
N.45  B 
N.80W. 
Wejt... 
8. 45  W. 
S.  45  W. 
8.26  W. 
S.79  E. 
Went.. 
8.45  W. 
N.45W. 
N.  45  W. 
South  . . 


A  mono  t  of 
cloudineu. 
(0= clear 
»ky.) 
(10=^»iky  en- 
tirely over- 
cast.) 


8.52W 


Sontb  .. 
8.  20  W. 
N.67  W. 
S.  45  W. 
8.  45  W. 

8. 59  W^. 
8.  45  W. 
8. 45  W. 
8.  57  W. 
N.49W, 
N.  4.'*  E. 
8.  67  W. 
S.  45  W. 
N.  45  W. 
N  40  E 
N.45E 
N.80W. 

8.60  W. 
N.56W. 


8. 43  W. 
N.45B 
8. 24  W. 
N.26W. 
N.45E 
8.31  E. 
S.  18W. 
8.  45  W. 
N.  45  W. 
N.58W. 
8.5  W. 

8. 51  W. 


• 

s 

a 

d 

d 

r- 

C9 

3 

9 

1 

0 

5 

6 

10 

10 

10 

9 

10 

10 

6 

9 

4 

6 

10 

4 

7 

•9 

6 

8 

10 

10 

0 

0 

0 

0 

5 

10 

1 

3 

1 

6 

2 

9 

8 

3 

9 

10 

0 

10 

10 

4 

0 

7 

8 

9 

10 

10 

10 

9 

7 

4 

10 

9 

6 

6 

1 

3 

10 

9 

5.9 

6.9 

10 

10 

10 

6 

9 

2 

2 

3 

0 

6 

10 

10 

9 

8 

8 

9 

0 

3 

10 

3 

3 

•  5 

0 

5 

10 

10 

10 

8 

9 

6 

10 

10 

5 

6 

0 

4 

4 

10 

10 

9 

3 

9 

8 

10 

3 

9 

10 

7 

0 

0 

10 

9 

3 

4 

10 

10 

2 

10 

1 

9 

4 

10 

5.9 

7.2 

10 
1 
2 

10 
9 
9 
1 

10 
0 
9 

10 

10 
0 
0 

10 
5 
4 
5 
2 

10 

10 
0 
0 
6 

10 
2 
0 

10 
2 
5 

10 

5.6 


10 
6 
0 
1 
0 
9 

10 
0 
4 
0 
0 
5 

10 
0 
0 

10 
1 
2 
0 
0 
3 
0 
1 
0 
0 
0 
0 
0 

10 
3 

10 

ai 


ej. 


1 


SM 


.18 
.04 


.26 

'.34 


.44 


.06 


.  36 
.18 


.10 


1.96 


26 


02 


08 


06 


.44 
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BEPOBT   OP  THE    8ECBETABY   OF   WAK. 


RedueHoni  of  the  moniUff  meteinvk^ieal  ngiiter  tfikt  fsrwf  tf 


TEMPKRATURE~F  AH  RXITHKIT. 

TAPOR. 

Barometer  reduced  to  temperature 
or32<'  Pahr.,  ezpreued in  United 

1 

States  inches  and  decimals. 

Wet  bull 

,or 

Dry  bulb,  or 

tem' 

Elastldty.iaU.  S.' 

Date. 

point  of 

peratore  of  the  | 

inches  sod  ded- 

eTaporation. 

open  air. 

a 

a 

a 

a 

a 

mala. 

• 

a 

i 

• 

a 

■ 

a    a 

• 

a 

a 

i 

d 

• 

s 

• 

a 

• 

s 

• 

a 

• 

8 

A 

• 
Pi 

• 
Ok 

'4 

• 

^ 

i< 

• 

Ok 

6, 

S 

s 

4 

• 

• 
Gk 

• 

e* 

CI 

o» 

* 

e* 

Of 

o 

9» 

1* 

at 

o> 

^ 

o 

s 

o 

e* 

w 

at 

*i 

1807. 

o 

O 

o 

o 

o 

o 

Sept      1 
2 

29.172 

29.270 

29.340 

29.261 

60 

54 

54 

62 

59 

^ 

6ao 

65 

56 

.491 

.351 

.351 

ksn 

29.453 

29.358 

29.345 

29.385 

48 

60 

S3 

50 

71 

57 

sas 

71 

44   .3n9.37l! 

.3S9.34S 

3 

29.356 

29.  .302 

29.296 

29.318 

61 

67 

61 

64 

77 

64 

6B.3 

77 

55 

.497.5^.497t.5em 

4 

29.445 

29.378 

29.380 

29.401 

55 

66 

55 

57 

71 

59 

62L3 

72 

59 

.  4 17. 57*. 3»'. 4531 

5 

29.339 

29.274 

29.166 

29.257 

59 

71 

63 

62 

80 

68 

7ao 

80 

56 

.4«.617.50» 

wsas 

6 

29.215 

29.212 

29.414 

29.280 

67 

71 

56 

72 

77 

61 

79.0 

77 

60 

..•»5.678-3« 

.M 

7 

29.593 

29.613 

29.665 

29.624 

51 

61 

51 

54 

69 

57 

60.0 

71 

44 

..335.430 

.295l3ai 

8 

29.680 

29.  50.) 

29.486 

29.557 

53 

68 

62 

59 

76 

66 

67.7 

77 

43 

.32.J.5r7 

.476 

.«9 

9 

29.438 

2»>.290 

29.341 

29. 356 

62 

70 

67 

67 

78 

70 

71.7 

79 

63 

.489.625.^.5391 

10 

29.408 

29.430 

29.461 

29.432 

50 

53 

47 

52 

59 

51 

54.0 

69 

48 

.314.32^270.309 

11 

29.532 

29. 474 

29.364 

29.457 

41 

57 

56 

43 

65 

61 

56.3 

67 

38 

.2311.350. 396. 3« 

12 

29.332 

29.305 

29.244 

29.294 

55 

62 

59 

62 

72 

65 

66.3 

72 

53 

.34O'.4«t«S0L)M 

13 

29.191 

29.  161 

29.287 

29,213 

59 

64 

54 

66 

66 

56 

62.7 

74 

54 

.407.5e»L39l[4Sfl 
.234.39^9»La» 
.247.476[399i,af!C 
.556. 635. 6441  €13 
.656.718.6ai.ttl 

14 

29.603 

29.617 

29.612 

29.611 

45 

56 

44 

50 

69 

48 

52.7 

60 

44 

15 

29.600 

29.553 

29  522 

29.558 

45 

64 

57 

59 

73 

62 

61.7 

75 

43 

16 

29.516 

29.483 

29.478 

29.493 

64 

67 

68 

67 

69 

71 

69.0 

71 

59 

17 

29.591 

29.580 

29.545 

29.572 

68 

71 

69 

70 

74 

72 

72.0 

76 

67 

18 

29.548 

29.478 

29.458 

29.495 

70 

71 

69 

75 

75 

71 

73.7 

77 

70 

.6fi6.679 

.6»L€36 

19 

29.566 

29.465 

29.423 

29.485 

63 

72 

66 

64 

76 

69 

69.7 

76 

63 

.  5fi2 .  731 

.SMj.131 
.4091 9BS 

L4ii.4i 

20 

29.36-1 

29.270 

29.500 

29.378 

69 

72 

56 

73 

78 

59 

70.0 

78 

56 

.&S.5.704 

21 

29.605 

29.554 

29.522 

29.560 

52 

60 

55 

53 

65 

58 

58.7 

66 

50 

.  37.'i;.  451 

22 

29.484 

29.413 

29.459 

29.452 

57 

60 

58 

61 

69 

63 

64.3 

69 

50 

.412.398 

23 

29.736 

29.760 

29.641 

29.712 

45 

50 

42 

49 

62 

47 

52.7 

64 

47 

.247.«(«1.9D^«7| 

24 

29.724 

29.617 

29.456 

29.599 

42 

51 

57 

46 

60 

64 

56.7 

72 

37 

.215.255 

.373I.9B1 

25 

29.261 

29.369 

29.491 

29.374 

60 

54 

47 

66 

63 

51 

53.3 

67 

51 

.  43^!.  S98 

.9794.3^ 

28 

29.608 

29. 577 

29.494 

29.569 

46 

53 

41 

48 

56 

42 

48.7 

57 

42 

.284. 9^.  9441.  tM 

27 

2il.494 

29.392 

29.330 

29.405 

43 

54 

52 

46 

62 

55 

54.3 

62     34 

.238.3l2.34i.S» 

28 

29.335 

29.261 

29.209 

29.268 

50 

66 

57 

53 

70 

63 

6-2.0 

7J 

33 

.:t2l.586'.399,4a 

29 

29.108 

29.243 

29.326 

29.228 

59 

49 

44 

64 

50 

49 

54.3 

68 

48 

.4.33.3IS.22S.»| 

30 

29.552 

29.561 

29.510 

29.541 

35 

41 
61.1 

34 

39 
58.4 

47 
67.6 

36 

40.7 

50 

36 

.  15^ 

!.  lT*j.W.l« 

Meaai.... 

29.  461 

29.4'25 

29.425 

29.437 

54. 5 

59.2 

61.7 

8J     3:i  }.393 

';.4®!.400,^ 

Oct.       1 

29.480 

4 
29.340 

29. 2f^ 

29.342 

35 

52 

50 

36 

59 

53 

49.3 

• 

flO 

31   .191.296 

.351.98 

2 

29.046 

28.985 

29.103 

29.045 

51 

59 

52 

61 

65 

58 

61.3 

66 

52 

-242.4-2n 

.3Q9.3M 

3 

29.298 

29.272 

29.337 

29.302 

46 

55 

38 

48 

58 

41 

49.0 

58 

4.1 

.284.393 

.19i'.«S 

4 

29.  AV» 

29.381 

29.312 

29.376 

36 

53 

40 

33 

59 

43 

46.7 

62 

32 

.186.323 

.208:939 

5 

29.026 

29.  169 

29.369 

29.188 

55 

51 

41 

57 

52 

44 

51.0 

!» 

44 

^407.361 

.9l9.3a 

6 

29.649 

29.678 

29.702 

29.676 

39 

44 

41 

44 

52 

43 

46.0 

52 

4'» 

.m.  1831251.  I* 
.  144. 1831 149.19 
.149.216^905.191 
.218.396^3501311 
.349.38IK.33Sl3a 
.322.351^«2lL3U 
;3l0.3lffi.  494.341 
.  286. 3»[  2971 3H 
.9:i5'.3i3C36li.3R 

7 

29.845 

29.837 

29.790 

29.824 

34 

44 

33 

38 

52 

36 

42.0 

59  1  33 

8 

29.780 

29.6:W 

29.496 

29. 6.15 

33 

49 

41 

36 

59 

45 

46.7 

6U  j  3J 

9 

29.319 

29.  138 

29.046 

29.168 

41 

^ 

53 

44 

60 

57 

^n 

60 

41 

10 

28.901 

28.831 

28  864 

28.865 

52 

55 

49 

55 

59 

50 

54.7 

60 

51 

11 

28.967 

28.981 

29.072 

29.0U7 

48 

54 

49 

49 

59 

51 

53.0 

54 

4"^ 

12 

29.149 

2«.  198 

29.250 

29.199 

47 

47 

54 

48 

48 

55 

51.3 

52 

44 

13 

29.384 

29.357 

29.376 

29.372 

45 

52 

47 

46 

56 

49 

50.3 

56 

38 

14 

29.417 

29.380 

29.317 

29.371 

40 

M 

53 

41 

59 

56 

52.0 

59 

.38 

15 

29.333 

29.357 

29.416 

29.369 

50 

53 

47 

54 

69 

49 

51.0 

61 

49 

.308*.  310. 997.  JOB 

16 

29.524 

29.462 

29.432 

29.473 

41 

59 

56 

42 

62 

62 

55.3 

63 

38 

.244>.46dL36»!39B 

17 

29.437 

29.271 

29.211 

29.3'J6 

57 

62 

64 

60 

70 

66 

65.3 

70 

60 

.426;.4£ad;4a 

18 

29.294 

29.271 

29.290 

29.285 

58 

60 

57 

61 

66 

59 

62.0 

67 

59 

.443.433!S^44I 

19 

29.409 

29.376 

29.4:r7 

29.407 

6J 

61 

58 

63 

68 

60 

63.7 

68 

56 

.47S:.4S.4».49I 

20 

29.537 

29.518 

29. 48-2 

29.512 

57 

63 

57 

60 

75 

62 

65.7 

77 

54 

.426'.415[3n^.419 

21 

29.486 

29.353 

29.3-26 

29.388 

57 

68 

56 

64 

TJ 

64 

67.0 

73 

59 

.373!.  01ft.  343f.  445 
.3091.90^919.941 

22 

29.453 

29.50:J 

29.579 

29.512 

48. 

46 

41 

50 

54 

44 

49.3 

65 

43 

23 

29.735 

29.776 

22.772 

29.768 

37 

44 

37 

38 

49 

39 

42.0 

51 

37 

.  907.  WL 1941901 
.  149.219.  ISILUl 

24 

29.866 

29.825 

29.785 

29.8-25 

29 

46 

36 

30 

53 

38 

4a  7 

53 

29 

25 

29.818 

29.738 

29. 699 

29.752 

32 

46 

40 

33 

52 

44 

4^0 

58 

31 

.168. 332. 198;.  1« 

26 

29. 721 

29.680 

29.656 

29.  632 

31 

49 

42 

32 

59 

45 

45.3 

58 

31 

.16ii.9l6.9)B^.9n 

27 

29.733 

29.672 

29.636 

29.679 

34 

50 

42 

36 

62 

1  *^ 

47.7 

62 

32 

.170. 909.921!.  90 

28 

29.614 

29.610 

29.488 

29.581 

42 

50 

47 

46 

53 

48 

49.7 

56 

40 

.«l5'.99$.m94fl 
.9t<4^.  315.93919! 

.9i5.a(4»'h!!! 
.2fi2;.9?0|.9al9S 

29 

29.488 

29.323 

29.281 

29.364 

46 

51 

47 

48 

54 

51 

51.0 

56 

46 

30 

29.287 

29.197 

29.162 

29.215 

40 

51 

46 

41 

56 

47 

4&0 

57 

40 

31 

29.304 

29.351 

29.446 

29.367 

44 

47 

42 

47.0 

46 

37.0 

51 
5&6 

45 

5ao 

1 

47.3 

53  i  45 

1 

Means — 

S9.456 

29.418 

29.411 

29.428  45.0 

52.6 

48.5 

77 

29 

. -269.391 

|»^«^ 
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ke  northtm  and  northwestern  lakes  at  Buffalo^  New  York: 


TAPOR. 


Hnmiility. 
Saturation  «  1,000. 


a 

d 


fiA4 
•  on 

.856 

.833 

.874 

.828 

.758 

.809 

.647 

.740 

.861 

.833 

.619 

.  636 

.646 

.710 

.841 

.896 

.768 

.943 

.807 

.932 

.769 

.710 

.691 

.685 

.850 

.767 

.798 

.727 

.'336 


.778 


.900 
.453 
.850 
.811 
.874 
.597 
.628 
.705 
.756 
.805 
.926 
.925 
.921 
.913 
.738 
.914 
.832 
.625 

.ail 

.8e2 
.625 
.856 
.905 
.890 
.893 
.  896 
.802 
.691 
.850 
.913 
.843 

.489 


a 

et 


.703 
.490 
.569 
.754 
.623 
.731 
.607 
.644 
.653 
.647 
.582 
.539 
.891 
.765 

.  896 
.856 
.810 
.815 
.TM 
.731 
.564 
.364 
.493 
.519 

.^ 
.561 

.799 
.927 
.554 


668 


.592 
.680 
.816 
.647 
.9:10 
.472 
.472 
.432 
.765 
.761 
.703 
.925 
.747 
.647 
.509 
.828 
.613 
.685 
.647 
.479 
.761 
.493 
.638 
.544 

.  dtit) 

.432 
.364 
.681 
.802 
.687 
.722 

.650 


a 


.703 
.759 
.8.0 
.761 
.743 
.713 
.634 
.695 
.N8 
.722 
.765 
.68U 
.872 
.704 
.718 
.850 
.852 
.899 
.846 
.819 
.816 
.72.1 
.6.i4 
.625 
.722 
.914 
.&)5 
.718 
.6:» 
.802 


.780 


.798 
.641 
.738 
.750 
.756 

.  705 
.664 
.752 
.927 
.859 
.934 
.8.53 
.8«» 
.853 
.6rt5 
.891 
.878 
.880 
.718 
.f75 
.756 
.816 
.811 
.677 
.762 
.762 
.925 
.722 
.923 
.762 

.787 


S 


.763 
.699 
.745 
.796 
.731 
.734 
.681 
.662 
.747 
.743 
.727 
.610 
.800 
.705 
.672 
.862 
.869 
826 
.  w™ 
.787 
.826 
.685 
.566 
.603 
,642 
.797 
.711 
.772 
.764 
.664 


.735 


.763 
.591 
.8<)l 
.736 
.853 
.634 
.602 
.607 
.758 
.8:11 
.829 
.if28 
.840 
.789 
.7:K) 
.8i»2 
.775 
.796 
.786 
.673 
.654 
.702 
.786 
.748 
.791 
.697 
.643 
.766 
.791 
.841 
.776 

.642 


WIHD. 


IHrvetion. 
From  wheoM. 


Yeloeitj,  in 
milet,  p«r 
boor. 


a 

d 


NW. 
SE... 

•9  •  •  •  •  • 

NE  •. . 
NE  ... 
SW... 
NE  ... 
NE  ... 
W.8W 
W.byN 
SE. . . . 
8W... 
SWbyS 
NE  ... 
E  . .  . . 
SW... 
SW... 
SW... 
NE  ... 
SW... 
NW.  . 
SW... 
NE  ... 
SW... 

TW     .  .  .  . 

NE  ... 
SE. . . . 
S 

8  TT    .  .  . 

N#... 


SE... 
SW.. 
NE  .. 
NEbyE 
SW... 
NW.  . 

N 

E 

b  .  ■  .  w  . 

SW... 
NE  ... 

S 

w .... 
SW... 

rf    .... 

SE. ... 
w .... 
W  .... 
SW... 

s 

8  W^ . . . 
NW.  . 
NW.  . 
NE  ... 
SE .... 
NE  ... 
NE  . . . 
NE  ... 
N  E  ... 
SW... 
NW-  . 


i 

Pi 


NW.  . 
SB.... 
W.-.. 

SW... 
W.byS 
SW... 
NE  ... 
W.byN 
W.8W 

NW. 

SW.. 
SW.. 
NWb.W 
NE  .. 
S... 
SW.. 

aw. 

SW. 
SW.. 
SW.. 
W.8W 

w.sw 

NE  ... 
SW... 
NW.  . 
NB  . . . 
W.SW 

w.sw 

NB  ... 
NW.  . 


a 

tSk 
o 


W.SW 

w.sw 

NE  ... 
NE  ... 
NW.  . 
NW.  . 
o  . . .  •  ■ 
N.  SW 
W.SW 
SW... 
SE. .  . . 
NB  ... 
W.byS 
SW... 
NW.  . 
SW... 

tV  .... 
S  tV  ... 
S^nr  ... 

s 

SW... 
NW.  . 
NW.. 
NE  ... 
NB  ... 
NE  ... 
NE  ... 
NB  ... 
NE  . . . 
S  W^. . . 
NW.  . 


SW.. 
NB  .. 

tV    ... 

NE  .. 
SB. . . 
NE  .. 
NB  .. 
E.... 
NW. 
NE  .. 
W... 
SW.. 

w... 

MB  .. 

B.... 

SW.. 

SE... 

NW. 

SE. . . 

NW. 

NE  .. 

NW. 

NB  .. 

SW.. 

NW. 

NE  .. 

E... 

W.SW 

NB  ... 

NB  ... 


a 

d 


8 

NW.  . 

NB  . .. 

S 

NW.  . 
NW.  . 
NE  .. 
E.SE . . 
W.SW 
81^ . . . 
o  - « . . . 
NE  ... 
NW.  . 
SW... 
NE  ... 
SW... 
^V  . ... 
NW.  . 
SW. .. 

8 

S  W  • . . 
NW.. 
8  K . ... 
NE  ... 
NE  ... 
NB  ... 
NE  ... 
NE  . .. 
NE  ... 
SW^ . . . 
NW.  . 


4 
2 

19 
3 
2 

12 
2 
4 

12 
4 
S 

13 

12 
4 
8 

12 

12 
3 
2 

IS 
3 
4 
4 
2 

12 
4 
2 
4 
4 
8 


3 

13 

3 

2 

12 

4 

8 

8 

8 

25 

8 
o 

8 
8 
8 
8 
4 
8 
4 
8 
4 
8 
2 
8 
8 

Q 

8 
3 
18 
8 
4 


a 

d 

91 


18 
8 
35 
8 
4 
18 
4 
4 

85 
18 
18 
85 
4 

18 
8 
4 

18 

18 

8 

19 

4 

45 

4 

18 

85 

4 

4 

18 

18 

4 


18 

85 
4 
4 
8 

18 
8 
8 
4 

85 
8 
4 

18 

]3 
8 
8 

18 
4 
4 
8 
8 
4 
4 
8 
8 
8 
3 
4 

4 

19 


a 

Pi 


8 
4 

18 
9 
8 
9 
9 

19 
4 
9 
9 
4 
8 
4 

13 
8 
9 
8 
8 
8 
8 
9 
4 

83 

13 
8 
9 
4 
4 
9 


9 

18 
3 
4 

18 
9 
8 
4 

45 
8 
8 
8 
4 

13 
8 

12 

25 
8 
8 
8 

18 
3 
8 
8 
8 
8 
4 
4 
8 
8 
4 


Si 

I  8 

gl 

S5 


5.3 

1.9 
13.0 
0.7 
0.7 
7.3 
8.7 
3.7 
18.7 
5.0 
4.3 
12.7 
4.7 
6.7 
5.0 
6.0 

ao 

4.7 

0.7 

8.0 

1.3 

16.3 

4.0 

13.0 

15.3 

3.3 

1.0 

6.0 

4.0 

8.7 


3.8 


4.3 
14.0 
3.7 
1.3 
A3 

ao 

0.7 
1.3 
l.\7 
17.3 
l.Ol 
1.7 
5.3 

a  7; 

1.0 

4.7 

13.7 

8.3 

a  3 

8.0 
6.0 
8.7 
1.3 
8.0 
1.7 
8.0 
8.7 

a3 
a7 

8.7 

a7 


N.53W 

Bant  . . . 

S.79W. 

N.45E 

S.78W. 

8. 45  W. 

N.45B 

N.71E 

8.79W. 

N.47  W. 

8.  44  W 

8. 45  W. 

8.59W. 

N.45E 

8.81E 

8. 45  W. 

8. 40  W. 

8.53W. 

8. 45  E  . 

8.50W. 

N.71  W. 

8.68W. 

N.45E 

8. 45  W. 

N.56  W 

N.45E 

8. 1 1  W. 

8.56W. 

N.45E 

N.  lOE 


8. 71  W. 


8. 49  W. 

8.77W. 

N.45E 

8.83E  . 

N.85W 

N.45W. 

N.45E 

S.  55  E  . 

N.67W. 

8. 45  W. 

5.46  E. 
N.64  E. 
N.88W. 
8.  45  W. 
N.4I  W. 
8.  37  W. 
W^Bt .  . 
8. 7H  W. 
8.  45  W. 
Somh.  . 
8. 45  W. 
N.45W. 
N.  45  W. 
N.  45  E . 
N.  74  E 
N.  45  E 
N.45E 
N.45E 
N.45E. 
8.45W. 
N.45  W. 

8.78W. 


Amonnt  of 
cloadlneas. 
(0>=clear 
At.) 
(10«Btiky  en- 
tirely over- 
cant.) 


a 

d 


10 
0 
9 
0 
0 

10 

1 

3 

10 

10 
0 
0 

10 
0 
7 

10 
9 
6 

10 
1 

10 
8 
8 
0 

10 

10 
0 
0 
0 

10 


a4 


9 

8 
10 

0 
10 

0 

0 

8 
10 
10 
10 
10 
10 

0 
10 

0 

9 

0 
10 

0 

4 
10 

3 

0 

0 

0 

3 
10 
10 
10 
10 

5.7 


a 

Pi 


10 
» 
6 
9 

1 
9 
3 
3 
9 
9 
1 
€ 

10 
1 
1 

10 
0 
9 
8 
5 
6 

10 
0 
6 

10 
9 
0 

10 

10 
6 


a7 


1 
10 

7 

6 
10 

6 

6 

1 

10 
10 
10 
10 
10 

4 

9 

0 

9 

0 

9 

0 

8 
10 

8 

0 

0 

0 
10 
10 
10 

1 

10  i 


a 

p. 

ot 


1 
0 

10 
0 
0 
8 
0 
0 

10 
0 
0 

10 

10 
0 
0 

1 

0 
10 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
10 
0 


2.3 


o  • 
•=•3 

§•§ 

c  S 

U 

"sa 

♦»    . 

§  .-i 
apa 

< 


0 

10 

3 

9 

10 

0 

0 

0 

10 

10 

10 

10 

0 

0 

0 

0 

9 

0 

0 

0 

10 

0 

c 

0 

0 

0 

0 

10 

10 

0 

10 


a3  a9 


o 

a 


00 


<M  a  J 

o  — 

«•   . 

IS 

< 


I 


76 


38 


.88 
.'94 


.06 


9.14 


.50 
.16 


.86 
.58 
.18 
.80 


.06 
.04 


.10 


9.0s 
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Redttction$  of  the  moxlA/y  meteorological  register  of  the  wrwy  if 


Date. 


1897. 

Mot.       1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

II 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

Means . 


Dec 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


Barometer  reduced  to  temperatore 
of  32^  Fahr.,  ezpretged  In  United 
Staten  inchei  and  decUnali. 


TXMPKRATURE— FAHRENHEIT. 


a 

d 


29.396 
28.9:19 
29.112 
29.147 
29.555 
29.565 
29.  455 
29.163 
29.028 
29.323 
29.344 
29.343 
29.246 
28.930 
29.557 
29.273 
29.211 
29.393 
29.527 
29.342 
29. 493 
29.418 
29.426 
29.424 
29.305 
29.290 
'J9.583 
29.375 
29.097 
29.093 


29.312 


29.603 
29.341 
29.443 
29. 24'? 
29.074 
28.997 
29.041 
29.416 
29.567 
29.169 
29.983 
29.408 
29. 572 
29.530 
29.333 
29.273 
28.994 
29.433 
29.866 
29.354 

'28.865' 
29.251 
29.469 
29.38:) 
29.290 
28.947 
29.  .331 
29.545 
29.788 
29.824 


Means 


29.354 


fit 

CI 


29.167 
29.001 
28.801 
29.301 
29.562 
29.600 
29.311 
29.089 
29.167 
29.307 
29.335 
29.335 
29.238 
29.135 
29.545 
29.250 
29.1.18 
29.375 
29.5.33 
29.281 
29.444 
29.347 
29.395 
89.312 
29.150 
29.416 
29.  434 
29.362 
2a  688 
29.270 


29.280 


29.547 
29.330 
29.213 
29.117 
29.204 

28.  6.J2 

29.  124 
29.  .185 
29.448 
29.217 
29.275 
29.455 
29.  5.5-2 
29.398 
29.285 
29.219 
28.919 
29.548 
29.847 
29.  .387 
29.  513 
28.908 
29.571 
29.262 
29. 1 12 
29.395 
28.736 
29.388 
29.614 
20.878 
29.681 


•rlj.  uSfil 


s 


29.013 
29.186 
28.670 
29.523 
29.5()9 
29.603 
29.252 
29.182 
29.235 
29.316 
29.363 
29.368 
29.251 
29.  :J28 
29.320 
29.39:1 
29.203 
29.422 
29.496 
29.404 
29. 421 
29.356 
29.  424 
29.310 
29.089 
29.545 
29.  324 
29.337 
2a  588 
29.  544 


29.300 


29.466 
2i>.  :»o 
29.146 
29.055 
29.244 

2!^.a5i 

29.351 
29.406 
29.2:14 
29.2.55 
29.358 
29.428 
29.562 
29.344 
29.222 
29.  182 
29.  131 
29.668 
29.739 
29.581 
29.356 
28.998 
29.6.39 
29.390 
2a  819 
29.  515 
29.022 
29.  .368 
29.695 
29.861 
29.401 


S 


29.192 
29. 042 
28.861 
29.324 
29.542 
29.589 
29.339 
29.145 
29.143 
29.315 
29.347 
29.349 
29.245 
29.131 
29.474 
29.305 
29.184 
29.397 
29.519 
29.342 
29.453 
29.374 
29.415 
29.349 
29.181 
29.417 
29.447 
29.365 
28.791 
29.302 


29.297 


29.344 


29.539 
29.354 
29.267 
29.140 
29.  174 
28.827 
29. 172 
29.il03 
29.416 
29.214 
29.3U5 
29.4.30 
29.5»2 
29.  424 
29.280 
29.225 
29.015 
29  550 
29.817 
29.441 
29.450 
2a  924 
29.487 
29.374 
29.105 
29.400 
2a  002 
29.359 
29.618 
29.812 
29.635 


Wetbnlb.or 

point  of 
evaporation. 


a 

d 


45 
53 
38 
39 
29 
30 
32 
44 
55 
50 
35 
30 
29 
37 
25 
33 
30 
15 
21 
34 
30 
43 
46 
44 
49 
36 
34 
37 
39 
15 


a 

o. 


49 
50 
54 
43 
38 
37 
45 
58 
51 
52 
34 
33 
35 
37 
32 
32 
34 
22 
30 
43 
41 
49 
49 
52 
52 
39 
40 
41 
44 
16 


35.9  41.  I 


29.344 


15 
27 
27 
13 
22 
30 
24 
14 

7 
24 
15 

2 

4 

1 

15 
19 
21 
15 
10 
26 

»  •  •  ■ 

44 

27 
26 
34 
35 
44 
30 
22 
17 
8 


19 
33 
33 
21 
24 
39 
26 
21 
17 
21 
21 
3 
7 
12 
20 
22 
28 
17 
15 
.33 
28 
35 
27 
34 
45 
35 
52 
31 
21 
17 
24 


a 

o. 


50 
40 
55 
33 
36 
30 
39 
56 
46 
40 
30 
32 
30 
29 
32 
29 
29 
21 
27 
39 
30 
44 
44 
51 
50 
36 
39 
38 
36 
11 


36.7 


13 
33 
32 
18 
25 
:)5 
11 
16 
26 
13 
17 
2 
4 
11 
22 
22 
27 
13 
9 
31 
29 
32 
23 
33 
50 
32 
43 
31 
17 
12 
26 


•20.  6  25. 2  22. 7 


Dry  bulb,  or  tem- 
perature of  tbe 
open  air. 


^ 

a 

• 

a 

d 

• 

• 

o. 

I* 

e« 

a 

o 

o 

o 

49 

56 

58- 

.V) 

59 

45 

43 

59 

56 

41 

47 

35 

34 

39 

41 

34 

40 

31 

34 

51 

43 

50 

63 

62 

60 

56 

53 

54 

56 

49 

42 

34 

35 

31 

34 

ai 

30 

:r7 

32 

40 

42 

:« 

26 

34 

36 

35 

36 

31 

32 

37 

31 

16 

•23 

^4 

22 

31 

30 

39 

47 

42 

31 

45 

32 

48 

56 

49 

49 

53 

46 

46 

58 

55 

53 

59 

52 

40 

45 

3H 

35 

42 

42 

38 

43 

41 

41 

45 

.37 

16 

a  tt 

17 

^.1  A 

12 
An  o 

oo.  o 

tt.  o 

«u.  « 

16 

22 

15 

28 

3H 

36 

31 

35 

34 

14 

22 

19 

23 

27 

27 

35 

41 

36 

25 

27 

13 

15 

23 

18 

7 

18 

27 

25 

22 

15 

16 

23 

18 

3 

4 

3 

5 

9 

5 

2 

14 

12 

16 

23 

24 

20 

25 

24 

23 

29 

28 

16 

18 

14 

U 

18 

10 

27 

35 

32 

•  •  •  • 

31 

30 

46 

37 

33 

28 

28 

25 

29 

39 

36 

35 

47 

52 

36 

38 

34 

45 

53 

43 

32 

33 

33 

23 

23 

19 

18 

18 

13 

8 

28 

28 

21.9 

27.3 

24.4 

s 


54.3 
53.3 
52.7 
41.0 
39.0 
35.0 
42.7 
5a3 
56.3 
53.0 
37.0 
.32.7 
33.0 
38.3 
32.0 
34.0 
.33.3 
21.0 
27.7 
42.7 
36.0 
51.0 
49.3 
5:j.O 
54.7 
41.0 
39.7 
43.7 
41.0 
15*0 


&. 


17.7 
33.3 
33.3 

ia3 

25.7 
37.3 
21.7 

ia7 

7.3 
>.7 
15.7 

ai3 

06.3 
09.3 
21,0 
23.0 
26,7 

lao 

13.0 
31.3 
30.3 
.3a  7 
27.0 
34.7 
44.7 
36.0 
47.0 
32.7 
21.7 
16.3 
21.3 


24.4 


B 

a 

ce 


58 
62 
GO 
62 
47 
44 
53 
63 
65 
56 
50 
37 
38 
47 
37 
45 
39 
33 
33 
47 
46 
56 
54 
61 
60 
52 
43 
44 
46 
37 


65 


26 

:n 

37 
3J 
50 
46 
.36 
23 
27 
30 
27 
18 
9 
17 
25 
25 
29 
28 
17 
25 
3:1 
49 
36 
39 
52 
53 
54 
44 
34 
22 
29 


a 

s 

a 

a 


41 
43 
39 
34 
32 
31 
.30 
.39 
52 
4.5 
43 
29 
28 
.30 
24 
31 
30 
16 
16 
29 
31 
30 
46 
39 
51 
37 
35 
36 
36 
10 


10 


13 

24 

27 

14 

18 

20 

12 

9 

6 

14 

13 
o 

o 

1 

11 
20 
22 
13 
10 
10 
26 
29 
25 
24 
31 
33 
33 
30 
19 
11 
5 


▼APOB. 


Elasticitj,uiU.8. 
inehefl  and  ded- 
imaU. 


a 

d 

I* 


.247 
.363 
.164 
.2!2 
.103 
.121 
.155 
.209 
.367 
.308 
.113 
.155 
.  149 
.181 
.123 
.162 
.144 
.074 
.101 
.131 
.155 
212 
.271 
.262 


a 

a. 


355 
.242. 

351 
.2251. 

216i 
.181 

220 
.416 

.335 

.196 

.175 

.178 

.155. 

.155 

.129 

.157 

.107 

.155. 

.225!. 

.205. 

.355. 

.293^. 


a 
a 


2K.S 


183 
4« 


108 
155 
.186 
3G9 
219 


13» 


90 
I3i« 


IS3.9K 


1*^ 
,1® 

18^ 
.331 


13QL2S 


IIS 


16a.  168 


144 
114 
1» 
137 


15a 

UK 
143 


137.  m 
079. <»; 
113.131 
199.1^ 


141 
823 


.lOl 

m 


263. «!6, 
321.  »T 


.295.2961.3341.3(8 

.  160 .  160. 186i  m 
183. 221. 1991  «l 
«O7.23li.l90L«^ 

.212.275. 1391. »        < 

.  074  .  078 . 1 


,061 


.  187.223.  la^ 


074 


.069. 


1361 
101 
067 
107 


.  149. 

.162!. 

.  101 . 

.113. 
109.212. 
1171. 129L 
071.090^. 
059 .  083'. 
1171. 10l|. 
074|.a9ffi. 
066,.  038 . 
0411.037. 


Lwi 

900 


087^.  oes 

112!.  Ill 
191'.  171 
019. 09§ 
067*.  0!« 


129 
056 


.091 


036. iS7 
041.010 
061.  M» 


54 
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the  northern  and  northwestern  lakes  at  Buffalo,  New  York. 


VAPOR. 

WIND. 

Amount  of 

cloudiness. 

(0=clear 

Amount  of  evaporation,  in 
U.  8.  inches  and  deci- 
mals. 

melted 
.  iuchei 

Hnmidity. 
Sataraaon= 1,000. 

Direction. 
From  whence. 

Velocity,  In 
miles,  per 
hour. 

si 

55 

30.7 
29.7 
11.7 
9.3 
4.0 
3.3 
4.0 
18.0 
6.7 
5.0 
0.7 
6.0 
2.0 
3.7 
8.7 
9.3 
6.7 
4.0 
2.3 
10.7 
0.7 
2.7 
2.0 
3.3 
6.7 
6.0 
1.0 
2.7 
1.3 
9.3 

1 

J 
1 

Hky.) 
(10=sliy  en- 
tirely over- 
cast.) 

• 

S 

d 

• 

a 

• 

• 

i 

• 

a 

• 

a 

CI 

at 

• 

a 

1* 

13 

45 
2 

12 

12 
2 
2 
4 
4. 
2 
2 
2 
2 
4 
2 

12 
4 
4 
2 

12 
2 
4 
2 

-Q 
4 

13 
2 
2 
4 

12 

• 

a 

• 
Pi 

C< 

35 

45 

2 

13 

75 

4 

2 

25 

13 

4 

2 

4 

4 

4 

12 

12 

12 

4 

4 

25 

3 

4 

3 

4 

4 

3 

3 

4 

4 

12 

• 

a 

• 

45 
3 

35 
4 

35 
4 

12 

35 
4 

12 
2 

12 
2 
4 

12 
4 
4 
4 
3 
2 
2 
3 
2 
4 

12 
4 
2 
2 
4 
4 

• 

a 

d. 

I* 

10 

3 
10 
10 
10 
10 
10 

0 
10 

8 
10 

9 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

9.3 

10 
10 
10 
10 

9 
10 
10 

3 

7 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

*i6* 

10 
10 
10 
10 
10 
10 
10 
10 
10 

9.6 

• 

a 

• 

p. 

10 
10 
10 

9 
10 
10 
10 

9 

9 
10 
10 
10 

9 
10 
10 
10 
10 

5 

8 
10 
10 
10 
10 
10 
10 
10 
10 

7 
10 

6 

9.4 

10 
10 
10 
10 

7 
10 
10 

4 
10 

9 
10 
10 

7 
10 

7 
10 
10 
10 

I 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

9.5 

• 

a 

2 

10 
10 

0 

3 
10 

0 
10 

0 

0 

0 

9 
10 
10 
10 

6 
10 
10 
10 
10 

0 
10 
10 
10 
10 
10 
10 
10 
10 

8 

7.3 

10 
10 
10 

8 
10 
10 

0 

9 
10 
10 
10 
10 

3 
10 
10 
10 
10 
10 

0 
10 
10 

0 
10 

0 
10 
10 

0 

3 

0 

0 
10 

7.4 

ill 

< 

710 

.569 
.484 
.703 
.6^8 
.907 
.732 
.590 
.723 
.687 
.747 
l.UOO 
.895 
.807 
.577 
.792 
.610 
.712 
.864 
.893 
.696 
.684 
.569 
.733 
.641 
.592 
.533 
.829 
.833 
.920 
.834 

.529 
.607 
.9:J5 
.797 
.372 
.893 
.669 
.665 
.544 
.373 
.557 
.893 
.794 
.606 
.610 
.788 
.7i« 
.610 
.675 
.744 
.794 
.638 
.843 
.743 
.861 
.811 
.744 

.rj8 

.903 
.804 

.603 
.633 
.742 
.773 
.601 
.747 
.684 
.656 
.646 
.619 
.659 
.894 
.&M 
.638 
.759 
.732 
.765 
.768 
.809 
.663 
.790 
.613 
.786 
.742 
.729 
.663 
.824 
.825 
.882 
.822 

8W  .  . 
W.8W 
NE  ... 
W..-. 
W.byN 
W.... 
W.... 

S 

W.... 

ssw. 

w .... 
NW.  . 
NW.  . 
W.SW 
W^  .... 
NW  .  . 
W.... 
NW  .  . 
N.NW. 

8 

NE  ... 
SE.... 

8 

8 

8W  .  . 
NW.  . 

E 

NE  ... 
SE.... 
NW.  . 

8W  .  . 
W.SW 
8W  .  . 

rl   . . . . 

W.SW 

w.... 

s.sw. 

8 

W^ .. .. 

w.... 

E 

NW. 
NW.  . 
W.NW 
W.... 
NW.  . 
yv  .... 
NW. 
yv  .... 

wsw 

8W  .  . 
S.SE. . 

8 

8 

SW.  . 
NW... 
8.8W. 
NE  ... 
SE.... 
NW.  . 

8W  .  . 

N 

8 

W^ .. .. 
W.SW 

w.... 

tiitj . . . . 

8 

W.... 
NW.. 
NW.  . 
NW.  . 
NE  ... 
NW.  . 
W  .... 
NW.  . 
W.... 
NW.  . 
NW  .  . 
NW.  . 
NE  . .. 
SW  .  . 
8    .... 

8 

8  W  .  . 
NW.  . 
SW  .  . 
NE  ... 
NW... 
NW... 

o 

8.45W. 
8. 68  W. 
South . . 
West... 
8.71  W. 
West... 
S.  29 B. 
South . . 
West... 
N.64W. 
N.45W. 
N.45W. 
N.28W. 
N.75W. 
WeHt... 
N.45W. 
Went... 
N.45W. 
N.63W. 
8.  SOW. 
N.  45  E. 
8.21  E 
South  . . 
South . . 
8. 45  W. 
N.  45  W. 
8. 6  W. . 
N.45E. 
8.45  E. 
N.45W. 

.809 

.587 

.824 
.524 

.38 

.617 

.792 

.581 

706 

.738 

.420 

.893 
890 

.03 

.732 
.876 

.02 

.797 

.794 

829 

.860 

.547 

.893 

.631 
.781 

.843 

.733 
.645 
.898 

.14 
.36 

.905 
.824 

.06 

.829 

.42 

.750 

.728 

.711 

.730 

6.4 

5.0 
5.3 
9.3 
2.0 
3.3 

14.3 

20.7 
9.3 
7.3 
6.0 
0.7 
9.3 
6.7 
2.7 
2.0 
0.7 
0.7 
3.0 
2.0 

12.0 
3.0 

34.0 
8.3 

10.7 
8.3 

11.7 
9.0 
5.0 
9.3 
4.0 
5.3 

3.8 

8.68W. 

1.30 

3 

12 

4 

2 
2 
4 

12 
12 
2 
12 
2 
4 
4 
2 

2 
3 
2 
2 
12 

4 

12 

12 

8 

4 

35 
35 

4 

4 

4 

3 

13 

12 

4 

4 

2 

2 

4 

2 

12 

12 

45 

12 

35 

4 

13 

35 

4 

18 

13 

8 

13 

13 

13 

4 

4 

35 

35 

13 

25 

3 

3 

13 

4 

3 

3 

3 

3 

4 

3 

18 

18 

45 

8 

3 

25 

8 

3 

13 

4 

4 

13 

.829 

.564 

.705 
.797 
.860 
.675 
•.824 
.880 
.730 
.840 
.860 
.730 
.740 
.568 
.635 
.598 
.622 
.887 
.840 
.525 
.797 
.685 
.807 
.883 
.547 
.847 
.719 
.932 
.800 
.730 
.840 

.648 

.705 

.792 

.845 

.761, 

.900 

.623 

.682 

.880 

.648 

.840 

.730 

.7.'30 

.804 

.738 

.622 

.663 

.816 

.791 

.896 

.890 

.893 

.746 

.705 

.861 

.792 

.750 

.800 

.692 

.810 

.687 
.764 
.724 
.840 
.767 
.754 
.758 
.745 
.873 
.793 
.800 
.733 
.689 
.719 
.722 
.698 
.833 
.828 
.704 
.858 
.788 
.848 
.837 
.639 
.869 
.804 
.867 
.798 
.762 
.8.30 
.770 

8B. ... 

8 

NW.  . 
NE  ... 
W.... 

8 

NW.. 
W  .... 
NE  ... 
NW.  . 
sw .  . 
NE  ... 
NE  ... 
NE  ... 
NE  ... 
W.... 

E 

NE  ... 
NE  ... 
W.... 

'swV" 

W.byS 
8W  .  . 
NE  . .. 
W.8W 
W.SW 
NW.  . 
NW. 
W.NW 
£  . . . . 

8 

W.SW 
NW.  . 
NW  .  . 
W.... 
SW  .  . 
NW.  . 
W.... 
SE.... 
NW.  . 
NE  ... 
NE  ... 
NE  ... 
NE  ... 
NE  . . . 
W.NW 
W.... 

N 

NE  ... 
W  .... 
w .... 
SW.  . 

w.... 

SW.  . 
SW  .  . 
W.SW 
SW  .  . 
NW.  . 
NW.  . 
NW.  . 
E 

8W  .. 

N.NW. 

NW... 

NW... 

W.... 

NW... 

NW. .. 

W.... 

W.... 

NW... 

NE... 

NE  ... 

NE  ... 

NE  ... 

NW... 

E.  SE 

NW... 

NW... 

NE  ... 

W  .... 

O  Ju  •  •  •  • 

8.28W. 

8. 70  W. 

N.45  W. 

N.28  W. 

West... 

N.85W. 

N.45W. 

West... 

S.85  W . 

N.45  W. 

N.45E. 

N.45B 

N.45E 

N.  45  E. 

N.28E. 

West... 

N.45W. 

N.  9W. 

N.45E. 

West... 

S.23W. 

S,  45  W. 

S.89W. 

8.  45  W. 

8. 45  W. 

8.69  E. 

8. 49  W. 

8.89W. 

N.45W. 

N.64W. 

East  . . . 

.883 
.562 
.816 
.864 

.08 
.08 
.08 

.537 

• 

.872 

.823 

1.000 

.472 

.829 

.36 

.TJG 

.750 

.718 
.829 

.850 

.730 

.829 

.797 

.880 

...... 

.04 

.843 
.883 

SW  .  . 
NW... 
SW.  . 
SW  .  . 
NE  ... 
NW... 
W.SW 
NW... 

8 

E 

12 

12 
4 
4 

25 
2 
2 

12 
2 
2 

..... 

.66 

.665 

•  898 

.900 
.920 
.794 
.664 

.33 
.58 
.38 

.840 

1.000 

.543     -  TfiS 

.817 

.743 

.776 

.777 

S.89W. 

3.42 
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Reductions  of  the  monthly  meteorological  register  of  the  swr9t§ef 


Date. 


Meant. 


Feb. 


1 
2 
3 
4 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 


Barometer  reduced  to  temperatare 
of  329  Fahr..ezprcefled  in  United 
States  inchei  and  decimals. 


Means. 


a 


1867. 

Jan.   1 

29.969 

2 

30.130 

3 

30.009 

4 

29.939 

5 

29.5:28 

6 

29.541 

7 

29.725 

8 

29.745 

9 

29.421 

10 

29.160 

11 

29.581 

12 

29.998 

13 

29.773 

14 

29.768 

15 

29.745 

16 

29.606 

17 

29.490 

18 

29.829 

19 

29.645 

20 

29.720 

21 

29.  3:0 

22 

29.588 

23 

29.714 

24 

30.069 

25 

30.008 

26 

29,187 

27 

29.332 

28 

29.728 

29 

29.809 

30 

30.109 

31 

29.884 

29. 718 


29.551 
29.621 
29.023 
29.331 
29.491 
29.909 
30.117 
29.825 
29.448 
29. 69.1 
30.555 
30.205 
30.045 
29.837 
30.246 
29.626 
29.738 
29.862 
30.010 
29.870 
29.818 
29.862 
29.664 
29.464 
29.962 
29.915 
3a  230 
29.845 


B 

Pi 
M 


30.063 
30.013 
29.937 
29.843 
29.425 
29.488 
29.798 
29,608 
29.458 
29.155 
29.635 
29.926 
29.570 
29.725 
29.903 
29.781 
29.6U8 
29.685 
29.  (m 
29.573 
29.204 
29.66.5 
29.836 
30.046 
29.666 
29.169 
29.  421 
29.7.'»6 
29.616 
30.211 
29.723 


29.682 


29.814 


29.641 

29.  .326 

29.  .ttl 

29.515 

29.  .585 

29.969 

30.056 

29.  621 

29.  .323 

29.697 

30.165 

30.234 

29.869 

29.641 

30.121 

29.  Wl 

29.923 

29.746 

30.055 

29.797 

29.531 

29.855 

29.481 

29.496 

29.859 

3a  047 

30.149 

29.817 


B 

Pi 


9 


30.018 
29.934 
29.818 
29.747 
29.315 
29.590 
29.685 
29.505 
29.221 
29.285 
29.648 
30.003 
29.6.38 
29.588 
29.899 
29.445 
29.973 
29.  .330 
29.568 
29.418 
29.395 
23.rJ6 
29.943 
30.096 
29.272 
29.208 
29.765 
29.665 
29.961 
.30.009 
29.638 


29.656 


29.764 


29.728 

29.063 

29.228 

29.301 

29.756 

30.063 

29.903 

29.516 

39.458 

29.450 

30.122 

30.139 

29.783 

30.005 

30.030 

29.608 

29. 969 

29.721 

29.914 

29.929 

29.652 

30.049 

29.184 

29.775 

29.979 

3a  159 

.3a  127 

29.802 


aaon 
3a  022 

29.921 
29.843 
29.4*23 
29.540 
29.739 
29.  619 
29.367 
29.200 
29.621 
29.976 
29.600 
29.694 
29.849 
2a  677 
29.690 
29.615 
29.615 
29.570 
29.311 
29.663 
29.831 
30.070 
29.649 
29.188 
29.506 
29.716 
29.795 
30.110 
29.748 


29.685 


29.765 


29.640 

29.337 

29.194 

29.382 

29.611 

29.980 

3a  025 

29.654 

29.410 

29.613 

3a  281 

30.193 

29.906 

29.828 

30.132 

29.  .588 

29. 8n 

29.776 

29.993 

29.865 

29.667 

29.922 

29. 443 

29.578 

29.933 

30. 040 

.3a  169 

29.821 


TCKPKRATURB— FAHRSIfHirr. 


Wet  bulb,  or 

point  of 
evaporation. 


19 
13 
13 
25 
24 
25 
20 
17 
19 
22 
16 
13 
13 
15 
10 
13 
20 
6 
6 
10 
17 
16 
20 
24 
22 
21 
16 
15 
5 
3 
18 


a 

Pi 
CI 


25 
13 
27 
35 
30 
30 
16 
20 
27 
25 
22 
14 
14 
16 
13 
22 
14 
9 
15 
20 
22 
20 
25 

2^. 
23 
25 
18 
19 
9 
20 
32 


16.221.1 


29.781 


38 
24 
30 
24 
31 
23 
23 
24 
38 
8 
5 
34 
32 
33 
19 
35 
33 
25 
26 
19 
23 
24 
20 
30 
19 
21 
25 
30 


32 
27 
30 
34 
25 
31 
40 
40 
24 
6 
27 
37 
40 
34 
27 
45 
36 
34 
23 
25 
25 
22 
37 
31 
24 
32 
33 
40 


o. 


18 
14 
22 
27 
27 
23 
17 
16 
17 
20 
18 
11 
12 
12 
11 
17 
8 
6 
9 
14 
18 
18 
19 
21 
18 
19 
15 
15 
7 
8 
27 


lai 


27 
22 
23 
27 
22 
25 
34 
35 
17 
4 
22 
27 
37 
27 
19 
38 
31 
27 
18 
19 
19 
17 
32 
21 
18 
22 
26 
32 


Dry  bulb,  or  tem- 
perature of  the 
opon  air. 


B 

•i 

I* 


21 
15 
16 
28 
26 
28 
28 
20 
22 
24 
18 
15 
15 
17 
12 
15 
22 
8 
10 
12 
20 
18 
23 
26 
25 
27 
19 
18 
7 
5 
21 


18.7 


41 
27 
33 
27 
34 
26 
26 
26 
40 
10 
8 
36 
.35 
36 
22 
38 
35 
27 
29 
21 
26 
26 
23 
32 
21 
24 
27 
32 


S 

Pi 
C9 


28 
21 
30 
37 
32 
32 
23 
23 
30 
28 
25 
16 
17 
19 
15 
25 
17 
12 
18 
22 
25 
23 
28 
30 
26 
28 
21 
22 
12 
23 
35 


B 

o. 


21 
17 
25 
30 
30 
25 
18 
19 
30 

ast 

20 
14 
14 
14 
13 
20 
10 

9 
11 
16 
20 
20 
21 
24 
21 
21 
17 
17 

9 
10 
.30 


9 


23.3 

17.7 
23.7 
.31.7 
29.3 
28.3 
23.0 
20.7 
24.0 
24.7 
21.0 
15.0 
15.3 
16.7 

i:j.3 

20.0 
16.3 
09.7 
13.0 
16.7 
21.7 
20.3 
24.0 
26.7 
24.0 
25.3 
19.0 
19.0 
09.3 
12.7 
28.7 


24.018.7  20.5 


25. 6  3a  7  24. 628.1 


35 
30 
32 
37 
28 
34 
43 
42 
27 
8 
30 
40 
43 
37 
29 
47 
39 
36 
26 
28 
28 
25 
40 
34 
26 
35 
35 
43 


30 
24 
26 
30 
24 
28 
36 
37 
20 
6 
24 
30 
40 
30 
21 
40 
34 
.10 
20 
20 
21 
19 
35 
24 
20 
25 
28 
35 


33. 5,27. 0 


35.3 
27.0 
30.3 
31.3 
,32.0 
29.3 
35.0 
35.0 
29.0 
08.0 
20.7 
35.3 
.39.3 
34.3 
24.0 
41.7 
36.3 
31.0 
35w0 
53.0 
25.0 
23.0 
:i2.7 

sao 

22.3 
28.0 
.3a  0 
36.7 


a 

s 


s 


28 
24 
30 
37 
34 
32 
30 
25 
30 
29 
26 
24 
17 
20 
18 
25 
22 
20 
18 
23 
25 
23 
26 
.30 
27 
30 
24 
22 
20 
23 
36 


37 


29.5 


43 
35 
33 
38 
34 
35 
44 
43 
40 
20 
30 
40 
43 
40 
30 
47 
45 
36 
30 
28 
29 
27 
40 
35 
27 
35 
36 
43 


47 


E 

3 

6 

a 

i 


18 
13 
12 
21 
24 
23 
16 
16 
17 
20 
16 
10 
11 
12 
10 
12 
8 
7 
8 
10 
17 
16 
19 
21 
17 
19 
14 
15 
5 
3 
18 


27 
22 
23 
24 
22 
23 
23 
24 
17 
4 
5 
27 
32 
27 
19 
34 
31 
24 
18 
18 
18 
17 
20 
21 
18 
21 
25 
30 


TAPOB. 


Elaftidtj.iaU.S. 
inches  ud  deci- 
mals. 


a 

d 

I* 


6 

Pi 
C* 


.080 
.056 

044'. 
.100. 

106. 
.100. 
.017. 
.060. 
.06»! 
1.095. 

067l 
.056- 

056. 
.  0:j2|. 
.  0461 

056. 

1.085i. 

.034:. 

.  040*. 

.046. 

060. 

067. 
-074. 

1(16. 
.084. 

U95. 
.056. 
.052. 

032. 
1.027. 

065L 


\W 


e 

Ck 


.0651  oes 


08(y.048i.08« 
113.064 
178.113,11- 
144.  Ill  1» 
144.  m 
0101.0831 
074.056. 
ll3.060.Oeii 

100.  oes. 


084 
059 
048 


.076 
0971051 

oos.csrt 


O56|.06».083 
0561.0491 190 
084.(160i.0n 
048.0401. 086 
0311037.091 
05*4043. 
C85l05»|. 
0841.0761. 
074'.  0761    ^ 

iooi.Q8o.(ies 

113^.079.00 
089.OfiS.Of9 
100. 080.099 

06^.  oes. on 

069!.  0631 091 
a3tt.037L09 
074^040.041 
142'.  113. 107 


.064lo84lo67.(lW 


190 
095. 

I.  132 . 

.095. 
1.39. 
089. 
089. 

.106'. 
203;. 

.0401. 

.O21L 
170 
142 
149 
069 
165 

im. 

112|. 

lOSi 
.080. 

089. 

106. 
.0741 

144. 

080 
.079 

119 
.1441 


142.113 
113.095 


148i 

101 


.114 


144.09.1^ 
15f.  113.13 
100. 095.  Ill 
139.100.1(19 
208;.170a36 
22lLl78wl« 
095.060.119 
0341.0901  OS 
U3'.0»l0Ii 


I57t.  11 
08iX.091 
.90»!.8M 
173. 13^  U! 
170 
069 
100 
100 
084 
181 
139 
106^ 


.0801.  OOJ 


071. 
.143. 

€79.1311 

07i 
14iL0e#.l 
1691.117.1 
908^.14811 


.  145 . 1 


\f 
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«  northern  and  nortkteettem  lakes  ai  Fort  Niagara,  New  York. 


TAPOR. 


Hamidlty. 
SalormUon  =  1.000. 


« 

a 

• 

S 

A 

tS, 

09 

a 

.6M 

.750 

.712 

.509 

.675 

.6:22 

.8u7 

.675 

.794 

.«75 

.794 

.746 

.(;?4 

.84!) 

.598 

.54! 

.675 

.556 

.6.V> 

.721 

.623 

.702 

.659 

.457 

.509 

.635 

.541 

.6:15 

.648 

.623 

.6/2 

.556 

.5<>9 

.582 

.418 

.568 

.&» 

.596 

.721 

.ftW 

.632 

.702 

.588 

.702 

.653 

.712 

.675 

.610 

.634 

.570 

.655 

.712 

.570 

.671 

.  064 

.671 

.418 

.568 

.598 

.582 

.698 

.675 

.611 

.639 

.  698 

.675 

.675 

.738 

.794 

.&34 

.713 

.675 

.655 

.738 

.712 

.655 

.750 

.8.2 

.829 

.807 

.644 

.r56 

.553 

.520 

.675 

.7:« 

.732 

.675 

.750 

.  7.32 

.712 

.675 

.775 

.712 

.847 

.820 

.726 

.712 

.802 

.675 

.634 

.702 

.655 

.850 

.655 

.712 

.622 

.692 

.738 

.698 

.712 

.610 

.754 

.702 

.698 

.622 

.797 

.'268 

.750 

.698 

.716 

.700 

WIND. 


.706 
.623 
.596 
.712 
.741 
.7:12 
..345 
.565 
.  6 '5 
.705 
.669 

.  dot) 

.597 
.567 
.627 
.619 
.604 
.513 
.568 
.663 
.627 
.661 
.655 
.680 
.609 
.670 
.594 
.593 
.508 
.560 
.648 


.617 


.704 
.686 
.710 
.677 
.702 
.667 
.729 
.797 
.673 
.532 
.182 
.7:J6 
.727 
.«»7 
.690 
.795 
.745 
.746 
.667 
.739 
.667 
.689 
.676 
.705 
.723 
.643 
.775 
.747 


DIreetion. 
From  whence. 


S 

d 

I* 


w. . 
w. . 

8W. 
8.... 
W  .. 
w .. 
NW. 
W  .. 
8W. 
w .. 
w .. 
NW. 
NE. 
8\V. 
N... 
8  ... 
NB. 
N.., 
W.. 
8... 
E.  .. 
W.. 
W.. 
W.. 
E.  .. 
S... 


8W. 
8.  . 
W. 
8  .. 
8W. 


.702 


W.  ... 
iV .  . . , 

8 

8 

W.  ... 
8W.  . 
8 

O  •   •  •  •  I 

8 

HW... 

8 

8 

8 

NW  .. 
8 

B  .  .  •  .  < 

TW    .     .  .  . 

8 

N 

NB .  ., 
NE... 
W.  ... 
NE... 
ri  .  . . . 
W.  .. 
81^.  . . 

8 

W.  .. 


s 

a 


W.... 

8W.  .. 
8  tV  . . . 
8W. .. 

O  •  .  •  1  . 
ITT     .  •  •  . 

NW... 
W  .... 
8W... 

W 

W.... 
W  . .. . 
NB .  .. 
8 W^.  . . 
W.... 
w 

w.... 

NW... 
W 

NE  .  . . 
iV  .  • . . 
8W... 
W^..  . . 

w 

E 

8  •  . . . . 
8W.  .. 
8  .  •  • . . 
8W. .. 

8 

8W.  .. 


W 

W 

8 

NE.  .. 

W... 

8W... 

8 

N.  . . . . 
NE.  .. 
NW... 

8 

8W.  .. 

8 

NW... 
8W... 

O    ■  •  •  •  < 

W 

NW... 
NB.  .. 
NE.  .. 
NB .  .. 

W 

8W. .. 

W 

NE.  .. 
8W... 
NW.. 
W 


8W.  .. 
8W.  .. 
8W.  .. 

W 

W 

W.... 
W 

sw. .. 

w 

w 

iV .  «> . . 
N.  • . . . 
8  iV  . . . 

w 

w 

N  W. .. 

N 

W 

E 

W 
S.":.. 

W 

W 

B 

8 

SW.  .. 

w 

w 

8 

SW... 


w 

NE.  .. 

S 

NE.  .. 
W 

sw^ . .. 

8 

NW... 
NR.  .. 
NW... 
8 

sw. .. 

S 

NW.  . 
NE  .. 
8  . . . . . 

W 

NE .  .. 
NE.... 
NE.... 
NE.... 

W 

8  . . . . . 

W 

W 

SW.  .. 
NB... 
W 


Velocity,  In 
mile«,  per 
boor. 


a 

d 


4 

12 

12 

35 

4 

45 

45 

25 

2 

4 

2 

12 

25 

2 

4 

2 

4 

35 

12 

2 

4 

2 

8 

2 

2 

25 

25 

12 

4 

12 
2 


4 
2 
3 
2 
2 
2 
4 
3 
2 

35 

35 
2 
2 
2 
2 

12 

12 
2 
4 

13 
3 
3 
3 

13 
3 
3 
3 

13 


S 
d 


35 

25 

35 

12 

35 

35 

60 

12 

2 

13 

8 

3 

4 

3 

3 

8 

25 

25 

4 

4 

2 

2 

4 

2 

4 

12 

12 

4 

12 
2 
2 


12 

12 

13 

4 

3 

3 

13 

8 

35 

45 

18 

3 

13 

13 

4 

13 

4 

4 

12 
4 

13 
4 

13 
4 
4 
3 
4 
3 


S 

a 


35 

35 

35 

35 

18 

45 

35 

4 

3 

4 

4 

4 

4 

4 

4 

3 

35 

35 

3 

3 

4 

3 

3 

4 

12 

25 

35 

3 

4 

3 

4 


4 

3.S 

3 

13 

4 

3 

3 

8 

35 

35 

35 

4 

35 

4 

13 

4 

3 

13 

4 

3 

35 

3 

13 

12 

13 

3 

3 

3 


SB 


121.3 
23.0 
24.0 
25.3 
13.0 
41.7 
41.7 

ia7 

2.0 

&7 

2.7 

5.7 

10.7 

2.7 

2.7 

1.7 

18.0 

29.7 

6.0 

1.7 

a7 

1.7 
2.7 
2.7 
6.0 
20.7 
24.0 
5.7 
6.3 
5.3 
2.7 


7.2 


&7 

&0 

5.3 

5.0 

2. 

2.0 

6.0 

0.7 

19.7 

35.0 

27.3 

2.7 

13.0 

6.0 

2.3 

9.3 

6.0 

a7 

6.3 
6.0 
13.0 
2  7 
7.0 
9.3 
4.0 
2.0 
1.7 
5.3 


1.1 


Went... 
8.  52  W. 
8.  45  W. 
8.  26  W. 
8.  25  W. 
Went.  .. 
N.53W. 
Went-  . . 
S.  45  W. 
Weit.  . . 
Wfiit... 
N.60W. 
N.40E 
8.  45  W. 
N.60  W. 
8.  67  W. 
N.59W. 
N.  11  W. 
We«t.  .. 

N.ei  B. 

Went.  .. 
8.  45  W. 
Weit... 
Went.  .. 

Eatit 

Sonth  .. 
8.  45  W. 
8.  7  W 
8.63  W. 
Sonth  . . 
8.  45  W. 


8. 78  W. 


Wert . . . 
N.  11  E. 
South  .  . 
N.  49  E  . 
West . . . 
S.  45  W. 
Sonth  .. 
N.  45  W. 
N.  47E 
N.  45  W. 
Sonth  .. 
8.  32  W. 
South  . . 
N.  45  W. 
N.SeE. 
Sonth  .. 
WeMt . . . 
N.31  E  . 
N.  37  E. 
N.  45  E  . 
N.  45  E  . 
We«t . . . 
8.  80W. 
Went . . . 
N.77W. 
8.  45  W. 
8.  64  B  . 
We«t . . . 


Amount  of 
cInudineM. 
(0s=  clear 
Ay.) 
(10  =  iiky  en- 
tirely oyer- 
east.) 


• 

s 

• 

a 

a 

d 

o. 

d 

t^ 

9t 

Oi 

8 
5 
4 
6 
6 

10 
7 
7 

10 

10 
5 
5 
6 
4 
3 
5 

10 
5 
4 
3 
5 
4 
4 
4 
4 
4 
4 
6 
3 
4 
3 


5.1 


6. 

3 

6 

3 

5 

3 

3 

4 

4 

4 

3 

4 

5 

5 

4 

7 

4 

4 

4 

9 

4 

5 

5 

6 

3 

3 

3 

3 


5 
6 
7 
4 
8 
7 
10 
4 
7 
6 
4 
3 
4 
5 
4 
3 
7 
4 
2 
5 
6 
3 
5 
4 
6 
3 
6 
4 
4 
3 
4 


5.0 


N.  82  W.I 


5 
7 
5 
6 
4 
4 
3 
6 

10 
5 
4 
3 

10 
4 
3 
2 
3 
5 
5 

10 

10 
6 
4 
4 
3 
9 
4 
7 


7 
6 
8 
7 

10 

10 
7 
6 
8 
5 
6 
6 
7 
4 
5 

10 
5 
6 
4 
6 

10 
5 
4 
6 

10 
5 
7 
5 
6 
4 
5 


6.5 


.a  t> 

SB  tt 

»  o 

^  fl 

©.a 

•»    . 
i   .-3 

spa 

< 


4 

6 
2 
3 
6 
5 
4 
5 
4 
4 
6 
7 
10 
6 
5 
4 
5 
5 
9 
6 
10 
4 
3 
5 
6 
5 
5 
5 


.28 


.12 


.26 


.40 
.08 


.30 


1.57 


74 


.30 


.60 
.34 


.16 


.04 


5.1   5.3 


8.18 
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Rtdw4um»  of  the  monthlif  meUorologieal  regtUer  of  tht  rarvcf  #/ 


Date. 


1867. 
March 


1 
2 
3 
4 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
23 
23 
24 
25 
26 
27 
28 
29 
30 
31 


Barometer  redaced  to  temperature 
of  32^  Fahr.,  expressed  in  United 
States  Inches  and  decimals. 


Means - 


April 


I 
2 
3 
4 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 


a 


a 


a 

Pi 


S:9.63l 
29.264 
29.860 
29.458 
29.877 
30.  J89 
29.694 
30.205 
30.044 
2i».772 
28.  7i6 
29.689 
29.810 
99.955 
30.  125 
3U.  189 
29.374 
29.830 
29.985 
30.264 

30.o:n 

29.853 
29.960 
29.820 
29.629 
30.  065 
29.549 
29.666 
29.667 
29.549 
29.618 


29.454 
29.401 
29.658 
29. 5:12 
30.087 
30.107 
29.578 
30.233 
30.003 
29.586 
29.618 
29.536 
29.596 
29.973 
30.065 
3a  072 
29.6(>9 
29.842 
30.015 
30.266 
29.942 
29.947 
30.022 
29.827 
29.915 
30.  037 
29.484 
29.541 
29.652 
29.674 
29.681 


29.232 
29.743 

29.481 
29.862 
30.145 
30.024 
30.002 
30.189 
29.919 
29.368 
29.82.1 
29.786 
29.684 
30.030 
30  293 
29.807 
29.586 
29.893 
30.147 
30.193 
29.830 
29.970 
29.897 
29.629 
30.090 
29.885 
29.582 
29.ra4 
29.589 
29.562 
29.709 


29.  818  29. 805 


Means., 


29.113 
29.534 
30. 1 17 
29.794 
29. 362 
29.542 
29.499 
29.686 
30.087 
29.  742 
29.649 
29.626 
29.789 
30.010 
29.796 
29.5:19 
29.r34 
30.085 
29.863 
29.604 
29.704 
29.346 
29.873 
29.973 
30.014 
29.  947 
29.7h2 
30.296 
29.860 
29.656 


29.389 
29.592 
30.150 
29.5.16 
29.464 
29.666 
29.576 
29.  749 

30.o:j7 

29.  616 

29.731 

29.678 

29.929 

29.907 

20.694 

29.604 

29.778 

30.102 

29.817 

29. 348 

29.551 

29. 221 

29.877 

29.820 

30.077 

29.741 

29.997 

:{0.085 

29.794 

29.574 


29.828 


29. 753  !  29.  737 


29.294 
29.874 
30.005 
29  586 
29.287 
29.589 
29.724 
29.  982 
29.8rj 
29.  .529 
29.782 
29.  734 
29.885 
29.839 
29.552 
29.532 
29  869 
30.010 
29.  626 

29.  472 
29.549 
29.577 
29.957 
29.909 
29.925 
29.662 

30.  103 
29.963 
29.672 
29.689 


a 


39.439 

29.469 
29.666 
29.617 
30.036 
30.107 
29.758 
30.209 
29.989 
29.575 
29.7-22 
29.670 
29.697 
29.986 
30.161 
30.023 
29.523 
29.855 
30.049 
30.241 
29.935 
29.923 
29.960 
29  759 
29.878 
29.996 
29.538 
29.647 
29.636 
29.595 
29.669 


TKMPZRATURX— FAHRENHEIT. 


29.817 


29.265 
29.667 
30.091 
29.637 
29.371 
29.599 
29.600 
29.806 
29.999 
29.629 
29.721 
29.679 
29.8()8 
29.919 
29.681 
29.558 
29.794 
30.066 
29. 769 
29.475 
29. 601 
29.381 
29.903 
29.901 
30.  005 
29.783 
29.954 
30.  1 15 
29.775 
29.640 


Wet  bnlb,  or 

point  of 
eraporation. 


I* 


29.735 


29.742 


33 
37 

14 
21 
22 
20 
23 
17 
25 
30 
33 
28 
27 
11 
7 
16 
21 
11 
14 
22 
30 
30 
28 
32 
33 
23 
23 
24 
26 
31 
34 


a 

fit 


35 

22 
20 
28 
23 
30 
30 
35 
32 
43 
32 
30 
33 
16 
20 
28 
34 
26 
31 
31 
31 
34 
40 
40 
30 
30 
25 
31 
40 
42 
46 


a 

fit 
o» 


28 
16 
16 
22 
80 
21 
23 
30 
25 
38 
27 
25 
27 
13 
15 
22 
24 
18 
24 
25 
24 
27 
31 
34 
24 
25 
18 
28 
29 
32 
38 


2i  131. 2  24. 8 


38 

34 

26 

33 

34 

27 

40 

36 

29 

32 

26 

34 

36 

3:) 

32 

45 

36 

34 

31 

40 

40 

31 

31 

32 

34 

41 

34 

28 

35 

44 


36 
40 
38 
44 
36 
40 
41 
34 
36 
32 
33 
55 
35 
40 
47 
40 
44 
40 
38 
62 
46 
32 
.37 


28 
28 
29 
38 
29 
28 
36 
28 
3J 
29 
30 
37 
29 
31 
46 
35 
37 
38 
34 
49 
42 
29 
34 


33  ■  32 

46  I  40 
60  ■  52 
32  I  31 
36  I  33 
50  42 

47  i  52 


34.3  41.3  35. 

I        I 


Dry  bnlb,  or  tem- 
perature of  the 
open  air. 


i 

• 

a 

a 

4 

• 

0, 

fi. 

t» 

09 

0 
0 

0 

0 

35 

38 

:«) 

40 

24 

18 

16 

22 

18 

23 

:«) 

25 

26 

31 

22 

23 

33 

24 

26 

:» 

26 

20 

38 

33 

27 

35 

27 

32 

46 

40 

36 

35 

29 

30 

32 

27 

30 

36 

30 

14 

18 

15 

11 

23 

17 

18 

30 

24 

23 

32 

25 

13 

28 

22 

16 

'X\ 

27 

23 

Xi 

26 

t3\ 

34 

25 

32 

36 

30 

31 

42 

33 

34 

41 

35 

36 

32 

36 

25 

33 

27 

25 

28 

90 

26 

34 

30 

28 

41 

:«) 

33 

43 

34 

36 

48  40 

26.4 

33.6 

'27.0 

38 

39 

30 

36 

41 

31 

28 

40 

30 

35 

46 

40 

35 

38 

30 

29 

42 

31 

43 

44 

37 

38 

36 

30 

31 

38 

32 

33 

35 

31 

28 

35 

32 

34 

57 

.39 

38 

37 

30 

34 

41 

33 

10 

60 

48 

48 

43 

37 

38 

46 

40 

37 

42 

40 

37 

41 

35 

41 

64 

51 

41 

48 

45 

33 

35 

31 

34 

40 

.36 

35 

36 

:i5 

35 

48 

42 

43 

61 

5r» 

37 

35 

33 

30 

38 

34 

37 

52 

45 

46 

50 

Xi 

36.4 

43.6 

37.3 

a 

a 


34.3 

27.3 
18.7 
2&0 
26.3 
26.3 
26.3 
30.3 
29.7 
39.3 
33.3 
29.7 
32.0 
15.7 
17.0 
24.0 
26.7 
21.0 
25.3 
27.3 

3ao 

32.7 
35l3 
36.7 
31.3 
28.3 
34.3 
30.0 
33.0 
3a7 
41.3 


29.0 


35.7 
36.0 
32.7 
40.3 
34.3 
34.0 
41.0 
34.7 
33.7 
33.0 
31.7 

4a3 
a5.o 

36.0 
49.3 
42.7 
41.3 
39  T 
37.7 
52.0 
44.7 
33.0 
36.7 
35.3 
41.7 
53.0 
35.0 
3i.0 
44.7 
50.3 

39.1 


a 

8 

a 
a 


41 
43 
25 
30 
31 
32 
33 
38 
36 
47 
41 
33 
36 
34 
33 
30 
32 
30 
33 
34 
35 
36 
42 
43 
38 
33 
30 
36 
40 
43 
50 


50 


46 
45 
44 
47 
45 
43 
45 
4-2 
39 
36 
35 
57 
42 
42 
60 
48 
47 
49 
42 
65 
50 
41 
40 
40 
50 
62 
51 
40 
53 
56 


a 

o 
S 

"3 

a 


27 
16 
14 
20 
20 
20 
33 
20 
24 
.10 
26 
25 
26 
li 
7 
16 
SO 
11 
14 
23 
£} 
26 
28 
32 
24 
23 
18 
28 
26 
31 
33 


TAPOB. 


«8 
28 
26 
33 
29 
27 
36 
27 
28 
29 
26 
36 
29 
30 
41 
34 
36 
34 
34 
40 
40 
28 
31 
31 
34 
40 
31 
28 
3t 
43 


Elastidty.inUA 
inches  aiod  dsd- 


a 


.163 
.181 
.059 
.090 
.072 


165 

<J95,. 

065 

032<. 


074 .  144. 
.089.132. 
.06J.165. 
.113.142 
.  144 .  238 . 


.149 
.130 


132.11^ 
112. 


.113.  149'.  11 

037.067.0! 
.014. 074.  Of 
.067'.  130.0! 
.090i.....ll 

(M9|.  117.0; 

059. 151*.  Qi 
.107.151.11 
.155.139.1] 
.144.170.11  , 
.I19.22l'.15l!.l« 

155.235. 18S.19i 
.149.  144.106;.  133 

.  10  ij.  132. 112-.  115 
lOJ.  100. 076.382 

.l>j6U39.130i.l» 


.  142 . 
144. 


.117 
.  151 


244. 
254. 


170.284 


1491.  IW 
1551.1^ 
213,21? 


107.150.112 


.129. 

.  170 . 

.117. 

.  I6;4 . 

.183. 

.124. 

.221!. 

.  186. 

.  137| 

.168. 

.117'. 

196. 

186. 
.  175. 
.077. 

26UL 
.186. 
.  157 . 
.  157 . 
.235. 
.2351. 
.151. 
.139'. 
.  143. 
.183. 
.S3l|. 
.  157 . 
.130^. 
.178:. 
i.  2ftJj. 


-.3 


123.130.144 
235.119.173 
303.149.126 
262.S03<.«9' 
186. 1491.  ITJ 
22i:.ll#.15^ 
3l8.199i.ilS 
170. 130.16 
186.144.1SS 
142. 1371 14> 
162.1441.  Ml 
407.194|.aK 
178. 149?.  ni 
235. 15iL  \iT 
426'.284l« 

308. 174  «g 
362.  mim 
221.aa3i.1w 

190.18^177 
529.321i.9SS 

aB4.2«.«» 
143.W7l.ig 
l8i:.lT0Ll«3l 
14^.14^144) 

984.2*ll«>| 
505.34».3e 
142.1511130 
18i.l73t.l« 
334;.  aft.  8(7 


65     26   .172. 243. 187!. »1 
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the  northern  and  northweitem  Imkes  at  Fori  Niagara,  New  York. 


YATOR, 

WIND. 

Amonnt  of 
clnudinesa. 
(0  =  clear 

sky.) 
(10  =  sky  en- 
tirely orer- 

cast.) 

Amount  of  evaporation,  in 
U.  S.  inches  and  deci- 
mals. 

melted 
inches 

Humidity. 
Saturation  =  1.000. 

Direction. 
From  whence. 

Velocity,  in 
miles,  per 
hour. 

li 

si 

21.3 

23.0 

24.0 

25.3 

13.0 

41.7 

41.7 

13.7 

2.0 

6.7 

2.7 

5.7 

10.7 

2.7 

2.7 

1.7 

18.0 

29.7 

6.0 

1.7 

0.7 

1.7 

2.7 

2.7 

6.0 

20.7 

24.0 

5.7 

6.3 

5.3 

2.7 

1 

I 
06 

ood 

a  .  - 

■ 

a 

• 

a 

• 

o. 

09 

.655 
.712 
.675 
.8u7 
.794 
.794 
.(]84 
.598 
.675 
.655 
.622 
.659 
.509 
.541 
.648 
.6'Z2 
.51^ 
.418 
.525 
.721 
.622 
.598 
.655 
.675 
.634 
.655 
.570 
.584 
.418 
.598 
.698 

• 

a 

• 

i 

• 

S 

d 

1* 

• 

a 

• 

a 

• 

a 

4 

12 

12 

35 

4 

45 

45 

25 

2 

4 

2 

13 

35 

2 

4 

2 

4 

35 

12 

2 

4 

2 

3 

2 

2 

25 

25 

12 

4 

13 

3 

• 
01 

25 

25 

35 

13 

35 

35 

60 

13 

3 

12 

3 

3 

4 

3 

3 

3 

25 

25 

4 

4 

2 

2 

4 

3 

4 

12 

12 

4 

12 
2 
2 

• 

a 

• 

p. 

35 
35 
25 
35 
12 
45 
25 
4 
3 

3 

35 

35 

3 

3 

4 

3 

3 

4 

13 

25 

35 

3 

4 

3 

4 

• 

a 
t» 

8 
5 
4 

6 

10 

7 

7 
10 
10 

5 

5 

6 

4 

3 

5 
10 

5 

4 

3 

5 

4 

4 

4 

4 

4 

4 

6 

3 

4 

3 

5.1 

• 

a 

• 
0» 

5 
6 
7 
4 
8 
7 
10 
4 
7 
6 
4 
3 
4 
5 
4 
3 
7 
4 
3 
5 
6 
3 
5 
4 
6 
3 
6 
4 

•5 

4 

5.0 

d 

7 

« 

8 

7 
10 
10 

7 

6 

8 

5 

6 

6 

7 

4 

5 
10 

5 

6 

4 

6 
10 

5 

4 

6 
10 

5 

7 

5 

6 

4 

5 

6.5 

iss 

< 

.718 

.750 
.509 
.622 
.675 
.675 
.746 
.841) 

.556 
.721 
.702 
.457 
.635 
.6:{5 
.6-23 
.556 
.582 
.568 
.596 
.659 
.702 
.702 
.712 
.610 
.570 
.712 
.671 
.671 
.568 
.582 
.675 

.706 
.623 
.596 
.712 
.741 
.  732 
.345 
.565 
.635 
.705 
.669 

.597 
.567 
.627 
.  61 9 
.604 
.513 
.568 
.663 
.627 
.661 

.a^ 

.680 
.609 
.670 
.594 
.593 
.508 
.560 
.648 

w.  ... 
w. ... 
SW... 

s 

w .... 
w .... 
NW... 

w.... 

SW.  .. 
w .... 
w .... 
NW... 
NE... 
SW.  .. 

N 

8 

NE... 

N 

W.... 

8 

B 

W  .... 

w.... 
w.... 

E 

8 

SW... 

8 

W.... 

8 

SW.  .. 

W.... 

SW.  .. 
SW. .. 
SW.  .. 

Bi   .  .  .  1 . 

w^  .... 
NW... 
w  .... 
SW... 
w 

vf  .... 

w.... 

NE... 
SW.  .. 

W 

W 

W.... 
NW... 

W 

NE.  -. 
W.... 
SW... 

w.. .. 

w 

E 

8 

SW. .. 

s 

SW... 

s 

SW.  .. 

W 

SW.  .. 
SW.  .. 
SW.  .. 

w 

w 

w.... 

w 

SW.  .. 

w 

w 

w.-.. 

N 

SW... 

w 

w 

NW... 

N 

w 

E 

W^.^. .. 
S.T;.. 

W 

W 

B 

8 

SW.  .. 

w 

w 

8 

8  W  • . . 

o 

West... 
8.  52  W. 
8.  45  W. 
8.  26W. 
8.  25  W. 
West... 
N.53  W. 
West.  .. 
8.  45  W. 
West.  .. 
Wfst... 
N.60W. 
N.40E 
8.  45  W. 
N.60W. 
8.  67  W. 
N.59W. 
N.  IIW. 
West.  .. 
N.81E. 
West.  .. 
8.  45  W. 
West... 
West.  .. 

Bant 

South  .. 
8.  45  W. 
8.  7W 
8.63  W. 
South  . . 
8.  45  W. 

.648 

.492 

.655 

.754 
.655 

.38 

.110 

.556 

.584 

.738 
.682 

.12 

...... 

.648 



.648 

.525 

.... 

.610 

.648 

.7«l 

.36 

.553 

.582 

.610 
.556 
.682 

.40 
.08 

.598 

.754 

.622 
.644 

.30 

.541 

•     .595 

.538 

.500 

.570 

.602 

.611 

.639 

.617 

7.2 

a7 

6.0 

5.3 

5.0 

3.7 

2.0 

6.0 

0.7 

19.7 

35.0 

27.3 

2.7 

lao 

&0 
2.3 
9.3 
6.0 
3.7 
&3 
6.0 
13.0 
3.7 
7.0 
9.3 
4.0 
3.0 
1.7 
5.3 

1.1 

8. 78  W. 

1.57 

4 
2 
3 
2 
2 
3 
4 
2 
2 

35 

35 
2 
2 
2 
3 

13 

IS 
3 
4 

13 
3 
3 
3 

13 
3 
3 
3 

13 

12 

13 

13 

4 

3 

'I 

35 

45 

13 

3 

12 

12 

4 

12 

4 

4 

13 

4 

12 
4 

12 
4 
4 
2 
4 
3 

4 

3.S 

3 

13 

4 

2 

2 

3 

35 

25 

35 

4 

25 

4 

12 

4 

2 

12 

4 

2 

25 

2 

12 

12 

12 

2 

2 

2 

.738 

.696 
.675 
.794 
.712 
.655 
.712 
.750 
.H29 
.644 
.553 
.675 
.732 
.750 
.712 
.775 
.847 
.726 
.802 
.634 
.655 
.655 
.622 
.732 
.712 
.754 
.698 
.797 
.750 

.675 
.738 
.&'i4 
.675 
.738 
.655 
.8.2 
.807 
.1:56 
.520 
.7:« 
.675 
.  732 
.675 
.712 
.820 
.712 
.675 
.702 
.85U 
.712 
.692 
.698 
.610 
.702 
.622 
.■J  68 
.698 

.704 
.686 
.710 
.677 
.702 
.667 
.729 
.797 
.673 
.552 
.t82 
.7:J6 
.727 
.6J*7 
.690 
.795 
.745 
.746 
.667 
.739 
.667 
.689 
.676 
.705 
.723 
.643 
.775 
.747 

w. ... 

W.  ... 

8 

8 

W.  ... 
SW.  .. 

8 

8 

S 

2iW... 

S 

8 

8 

NW  .. 

8 

8 

W 

s 

N 

NE.  .. 
NE.  .. 
W.  ... 
NE... 
W.  ... 
W.  ... 
SW.  .. 

8 

W.  ... 

w 

w 

8 

NE.  .. 

w...:. 

SW... 

8 

N 

NE.  .. 
NW... 

8 

SW.  .. 

8 

NW... 
SW... 

8 

W 

NW... 
NE... 
NE... 
NE... 

W 

8W... 

W 

NE... 
SW... 
NW... 
W 

W 

NE.  .. 

S 

NE... 

W 

SW... 

8 

NW... 
NR.  .. 
NW... 

8 

SW.  .. 

S 

NW.  . 
NE    .. 

8 

W 

NE.  .. 
NE.... 
NE .. .. 
NE.... 

W 

8 

W 

W 

SW.  .. 
NE... 
W 

West... 
N.UE. 

South  .  . 
N.49E. 
West,.. 
8.  45  W. 
South  .. 
N.45W. 
N.  47E 
N.  45  W. 
South  .. 
8.  32  W. 
South  .. 
N.  45  W. 
N.5eB. 
South  .. 
Went... 
N.31E. 
N.  37E. 
N.45E. 
N.  45  E  . 
West . . . 
8.  20W. 
Went . . . 
N.77W. 
8.  45  W. 
8.  64E. 
West . . . 

6. 
3 
6 
3 
5 
3 
3 
4 
4 
4 
3 
4 
5 
5 
4 
7 
4 
4 
4 
9 
4 
5 
5 
6 
3 
3 
3 
3 

5 

7 

5 

6 

4 

4 

3 

6 
10 

5 

4 

3 
10 

4 

3 

3 

3 

5 

5 
10 
10 

6 

4 

4 

3 

3 

4 

7 

5.1 

4 

6 
3 
3 
6 
5 
4 
5 
4 
4 
6 
7 

10 
6 
5 
4 
5 
5 
9 
6 

10 
4 
3 
5 
6 
5 
5 
5 

.644 
.703 

.74 

.644 
.712 

.30 

.634 

.634 

.754 

.820 

.582 

.334 

.802 
.698 
.705 

.60 
.34 

.584 

.719 

.797 

.761 

.665 

.712 

.634 
.754 



.16 

,  599 
.794 

.04 

.712 

.610 

.761 

.794 

.689 

.716 

.700 

.702 

N.83  W. 

4.4 

5.3 

3.18 
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Reductions  of  the  monthly  meteorological  register  of  the  sune§  tj 


Date. 


1867. 

May.      1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

MeaDM.... 


Jane 


1 
2 
3 
4 

5 
6 

7 

6 

9 

10 

n 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 


Means.. 


Barometer  reduced  to  temperature 
of  32°  Fahr.,  expretiaed  in  United 
State!  inches  and  decimali. 


a 


29.502 
29.867 
30.259 
30.  019 
29.622 
29.694 
29.726 
29.556 
29.352 
29.556 
2:^.656 
29.  945 
29.758 
29.394 
2».:}89 
29.  616 
29-897 
29. 937 
29.971 
29.684 
29.  616 
29.324 
29.268 
29.688 
29.664 
29.636 
29.915 
29.817 
29.613 
29.758 
29.946 


S 


29.721 


29.881 
29.537 
29.311 
29.689 
29. 8.30 
29.646 
29.651 
29.830 
29.915 
30. 005 
30.  087 
29.859 
29.994 
29.999 
29.876 

29.  799 
29.949 
29.859 
30. 125 

30.  104 
30.067 
30.009 
29.929 
29.774 
29.675 
29.879 
29.768 
29.914 
30.002 
29.493 


29.409 

30.055 

30.266 

29.837 

29.606 

29.631 

29.744 

29.516 

29.484 

29.494 

29.741 

29.929 

29.551 

29.336 

29.394 

29.688 

29.686 

29.951 

29.949 

29.718 

29.583 

29.388 

29.474 

29.646 

29.581 

29.661 

29.839 

29.634 

29.636 

29.763 

29  995 


29.706 


29.848 


29.780 

29.592 

29.443 

29.686 

29.837 

29.691 

29.675 

29.841 

29.939 

30.044 

29.977 

29.911 

30.068 

29.818 

29.751 

29.987 

29.846 

29.919 

30.026 

30.038 

30.119 

30.002 

29.982 

29. 743 

29.583 

29.998 

29.725 

29.839 

29.791 

29.387 


S 


29.835 


29.694 

30.  15(» 

3a  135 

29.755 

29.672 

29.739 

29.761 

29.494 

29.518 

29.586 

29.716 

29.887 

29.346 

29.489 

29.511 

29.644 

29.761 

29.8.57 

29.809 

29.661 

29.364 

29.391 

29.641 

29.6T3 

29.492 

29.788 

29.772 

29.655 

29.663 

29.834 

29.890 


29.715 


29.582 

29.556 

29.458 

29.616 

29.651 

29.501 

29.630 

29.919 

29.869 

29.937 

29.949 

30.  194 

29.893 

29.795 

29.708 

29.838 

29.705 

29.954 

29.981 

30.  047 

29.970 

29.885 

29.829 

29.713 

29.708 

29.834 

29.638 

29.856 

29.638 

29.380 


29.535 

30.024 

30.220 

29.870 

29.633 

29.688 

29.744 

29. 522 

29.451 

29.545 

29.704 

29.920 

29.552 

29.406 

29.431 

29.649 

29.781 

29.915 

29.910 

29.688 

29.521 

29.368 

29. 461 

29.669 

29,579 

29.695 

29.  875 

29.702 

29.  &n 

29.785 

29.944 


TZMPERATDR£— FAHRZKHEIT. 


Wet  bulb,  or 

point  of 
evaporation. 


29.714 


29.748 
29.562 
29.404 
29.664 
29.7r3 
29.613 
29.652 
29.863 
29.908 
29.995 
30.005 
29.9t8 
29.985 
29.871 
29.778 
29.875 
29.833 
29.911 
30.044 
30.063 
30.  052 
29.965 
29.  913 
29.743 
29.655 
29.904 
29.710 
29.870 
29.844 
29.420 


29.774 


29.814 


• 

• 

a 

d 

• 
o. 

r- 

et 

o 

o 

34 

35 

30 

34 

30 

32 

36 

56 

52 

60 

45 

47 

38 

42 

33 

41 

35 

42 

41 

52 

40 

52 

41 

51 

42 

40 

42 

49 

40 

47 

42 

53 

40 

40 

44 

52 

44 

49 

40 

45 

45 

47 

48 

47 

41 

43 

44 

57 

51 

59 

49 

51 

43 

53 

44 

44 

45 

54 

47 

60 

42 

52 

41.1 

48.2 

45 

51 

57 

62 

59 

62 

59 

63 

52 

60 

60 

77 

65 

74 

58 

61 

52 

66 

56 

63 

58 

63 

60 

71 

64 

72 

62 

71 

65 

73 

70 

70 

63 

66 

64 

67 

55 

67 

60 

62 

55 

61 

60 

68 

65 

70 

65 

70 

67 

65 

66 

67 

67 

70 

60 

65 

59 

70 

71 

80 

60.6 

66.7 

a 

» 

a 


34 
31 

28 
47 
46 
41 
38 
38 
37 
47 
48 
48 
37 
40 
40 
51 
50 
47 
42 
44 
42 
42 
40 
48 
47 
47 
47 
42 
52 
55 
49 


4a  1 


47 
65 
57 
58 
59 
75 
63 
58 
67 
59 
58 
68 
68 
70 
68 
17 
67 
62 
65 
60 
58 
63 
64 
65 
60 
65 
68 
71 
68 
81 


61.1 


•1.016 


Dry  bulb,  or  tem- 
perature of  the 
open  air. 


a 


36 
32 
32 
39 
55 
48 
41 
36 
38 
43 
42 
43 
44 
45 
43 
45 
43 
45 
46 
43 
48 
50 
43 
46 
54 
47 
45 
46 
48 
52 
45 


38 
37 
35 
59 
62 
49 
45 
43 
45 
55 
55 
54 
42 
51 
49 
56 
53 
54 
52 
48 
49 
49 
46 
60 
61 
53 
55 
47 
56 
62 
55 


a 

a 


a 


36 
33 
30 
50 
49 
44 
40 
41 
40 
50 
52 
.50 
40 
42 
42 
54 
50 
.50 
45 
45 
45 
45 
41 
51 
51 
50 
50 
44 
54 
58 
52 


48 
60 
61 
61 
55 
63 
68 
60 
55 
58 
61 
62 
66 
61 
68 
71 
65 
66 
57 
62 
57 
62 
67 
68 
70 
69 
70 
62 
61 
74 


63.0 


53 
65 
64 
66 
63 
80 
76 
63 
63 
65 
66 
73 
75 
74 
76 
73 
68 
70 
70 
64 
tM 
70 
72 
72 
68 
70 
74 
68 
71 
83 


50 
68 
60 
60 
61 
77 
65 
60 
70 
60 
60 
70 
71 
73 
70 
80 
70 
65 
67 
63 
61 
66 


50.3 
64.3 
61.7 
62.3 
59.7 
73.3 
69.7 
61.0 
62.7 
61.0 
62.3 
68.3 
70.7 
70.3 
71.3 
74.7 
67.7 
69.0 
64.7 
63.0 
60.7 

6ao 

65  .  68.0 
67  I  69.0 


63 
67 
70 
74 
70 
84 


69.3  66.9 


a 

8 

a 
-a 


36.7  i 
34.0  I 
32.3  I 
49.3 
55.5 
47.0 
42.0 
40.0 
41.0 
49.3 
49.7 
49.0 
42.0 
4&0 
44.7 
51.7 
48.7 
49.7 
47.7 
•45.3 
57.3 
48.0 
43.2 
52.3 
55.3 
50.0 
50;  0 
45.7 
52.7 
57.3 
50.7 


44.0  50.8  45.9  46.9 


67.0 
68.7 
71.3 
68.0 
67.3 
8a3 


66.4 


50 
42 
36 
60 
62 
50 
46 
44 
45 
56 
57 
55 
50 
51 
49 
54 
53 
54 
53 
50 
50 
59 
46 
60 
61 
55 
56 
48 
57 
62 
60 


62 


59 
66 
65 
67 
64 
82 
80 
65 
71 
65 
66 
73 
75 
80 
79 
80 
70 
71 
73 
70 
65 
70 
72 
72 
69 
72 
75 
74 
72 
85 


a 

a 
E 


34 
30 
27 
36 
46 
40 
38 
33 
35 
41 
40 
41 
37 
40 
40 
42 
40 
43 
41 
40 
41 
40 
40 
42 
46 
44 
45 
42 
45 
47 
42 


85 


TAPOR. 


Elasticity,  in  U.S. 
iocbes  and  dtd' 
maLi. 


a 


a  !  E 


Si 


a 
i 

s 


27 


57 
56 
54 
60 
62 
55 
51 
55 
57 
60 
63 
61 
65 
70 
S3 
61 
55 
60 
55 
60 
64 
65 
60 
60 
66 
59 
56 
68 


170 .  165 
144 .  157 
144 .  142 
173 . 4(!9 
349.49) 
260.297 
190. 2» 
149'.  %\\ 
165.228 
231 .  349 


221 
331 
241 


349 

335 

.221 


228.321 
208.297 
228.363: 
208.321 
275 .  362 
262'.  31* 


208 


260.297 


309 
231 
262 
335 
240 


260 


.297 

23^ 

.426 

.4TJ 

348 


.232 


45 


251.349 
262 .  249 


261 
257 
228 


.314.247.364 


391' 

491 

349 


ITtf.  ]»^ 
151 .  131 
130. 1» 
283. 29S 
S71.370 
218.236 

190;,  1901 
181.1911 
283. 3Sa 

2e>.2« 

309- 2« 

181.214 

,221. 457 

221. Stt 

.335.  as 

,117.215! 
,283.307 
.228.386 
.275. -34^ 
.2«.9fti 
.228.27? 
.235.235 
.296.1% 
.270.139 
.S6O.290 
.283.294 
.241.251 
.  362.338 
.393.3W 
.308.295 


af  0.3481. 
426.516. 
473.529:. 
473.536. 
349.4781. 
,  478;.  887 . 
577.812'. 
456.510:. 
349. 478 . 
422'  549 . 
443i.  536^. 
4911.731  . 
569|.  744 . 
529';.  71*'. 
577,.  771  . 
729 .  693 . 
549L612!. 
5691.622. 
407'  622 . 
4911529. 
4071.497. 


283,287 
577. 5« 
436.478 
456. 4« 
473.433 
841.735 
549.64* 
456,474 
622.® 
487.4^ 
4J6.478 

exM 

644. 6» 
6(13,647 
658.60 
887.779 
622.594 
516. 3» 

an.5» 

478. 4« 
443.449 
536.562 
583.627 
591. 6i5 

478. as 

591. 6M 
658.63} 
718.585 
636.617 
*    .^ 

388.574 
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the  norikerM  and  nortkwesterm  lakes  at  Fort  Niagara^  New  Y'ork. 


• 

VAPOR. 

WIXD. 

Amoani 

cloudiae 

(0  =  cle 

[Of 

ar 

en- 
ver- 

Amount  of  evaporation,  in 
U.  8.  inches   and  deci* 
mnlii. 

II 

Humidity. 
Saturation  =  1,000. 

Direction. 
From  whence. 

Velocity 
miles, 
boar. 

.la 
per 

la 

1.3 

19.7 

a  3 

4.3 

2.7 

4.7 

10.0 

2.0 

3.7 

6.0 

6.3 

9.0 

16.3 

12.7 

7.2 

12.0 

13.0 

6.7 

2.0 

7.7 

24  0 

1.7 

1.0 

1.7 

13.0 

4.3 

24. 0 

10.3 

9.3 

3.3 

2.0 

2.3 

• 

1 

«• 

s 
1 

& 

o 

N.45E 

Went   . . 
N.45E 
N.  18  W. 
Wegt... 
N.45E 
N.61W. 
South  . . 
N.28E. 
8.  50  W. 
N.53W. 
N.  51  W. 
S.  45  W. 

8.  rj  W. 
South.. 
N.  42  E 
West . . . 
Went... 
8. 77  W. 
N.  63E 
East  . . . 
N.  16W. 
N.  16  E 
N.60W. 
We»t... 
N.  19E. 
N.45E. 
WeHt... 
Wert... 
South . . 
West... 

N.62  W. 

Hky.) 

(10=nky 

tlrely  O' 

cast.) 

OQQ 

• 

S 

• 

S 

• 

a 

.719 
.738 
.721 
.782 
.184 
.794 
.703 
.719 
.698 
.767 
.698 
.794 

• 

S 

• 

• 

a 

s 

s 

• 

a 

1* 

• 

a 

■ 
CI 

• 

a 

• 

o. 

• 

a 

t^ 

2 
12 

4 

12 

2 

2 

12 

2 

2 

2 

4 

4 

2 

25 

2 

2 

2 

4 

2 

2 

12 

2 

2 

2 

2 

12 

12 

25 

12 

4 

2 

• 

s 

• 

01 

4 

25 
2 
2 
4 

12 

25 

2 

2 

4 

12 
12 
12 
12 
4 

12 

12 

12 

2 

12 

35 

2 

2 

2 

12 

2 

35 

2 

4 

2 

2 

• 

a 

d 

2 

12 

12 

2 

2 

4 

12 

2 

12 

12 

4 

12 

35 

4 

2 

25 

25 

4 

2 

12 

25 

2 

2 

2 

25 

4 

25 

4 

12 

4 

2 

• 

a 

• 

a 

o. 

m 

a 

• 

a. 

4 

4  ' 

5 

6 

7 

6 

5 

6 
10 

6 

5 

5 

4 

6 
10 

6 

6 

5 

4 

0 

5 

5 
10 

6 

6 

I 

4 

5 
6 

5.8 

6 
6 
4 

10 

7 

6 

.'• 

7 

5 
10 

5 

5 

6 

5 
10 

4 

5 

6 

3 

I 

5 
5 
10 
5 
6 
5 
6 
7 
5 

6.0 

ill 

< 

.797 

.782 
.682 
.682 
.622 
.721 
.610 
.(i34 
.703 
.761 
.820 
.775 
-761 

.766 
.717 
.687 
.711 
.473 
.667 
.657 
.659 
.740 
.794 
.726 
.779 
.685 
.596 
.490 
.734 
.801 
.613 
.701 
.827 
.826 
.737 
.771 
.867 
.764 
.736 
.701 
.749 
.8.57 
.836 
.824 

8W  .  . 
W  .... 

sw .  . 

N 

w .... 
8W.  . 
S 

s 

\v  .... 

w.... 
w.... 

w .... 

sw . . 
w.... 

8 

8 

W  .... 
W.... 
SW  .  . 

N 

E 

NE  ... 
S 

Yt  .... 

w .... 
NE  ... 
NB  ... 
W  .... 

w.... 

s 

VV  .... 

NE  . . . 
W.... 
NE  . . . 
W.... 
W  .... 
NE  ... 
NW... 

S 

NW... 
SW  .  . 
NW... 
NW... 
SW  .  . 

sw . 

s 

NE  ... 
W  .... 
W.... 
W  .... 
NE  ... 
E..-. 
NW... 
NE  ... 
NW... 
W  .... 
NW... 
NE  . . . 
W.... 
W.... 

8 

w  .... 

NE  ... 
W  .... 
NE  ... 
W  . . . . 
W.... 
NE  . . . 
NW... 
8    .... 
NE  ... 
SW  .  . 
NW... 
NW... 
SW  .  . 

sw  . . 

s 

NE.  .. 
W  .... 
W.... 
W.... 

E 

£  ..... 
NW... 
NE  ... 
NW... 

VI    .... 

N  iV. . . 
NE  ... 
W.... 
W.... 

8 

W.... 

1 
4 
4 
7 
4 
4 

10 
4 
6 
4 
4 

10 
4 
5 
4 
4 

10 
4 
4 
4 
5 

10 
3 
3 
6 
4 

10 
4 
4 
3 
3 

3 
2 
4 
4 
5 
5 
5 
3 
5 
6 
5 
6 
7 
6 
5 
6 
7 
5 
3 
5 

10 
6 
6 
5 
7 
3 

10 
3 
3 
4 
2 

.732 

.659 

.12 

.515 

.598 
.634 

.16 

.556 

.761 

.794 

.705 
.782 

.30 

.  675 

.705  1  .675 

.457 

.682 
.  o\ftS 
.782 

.648 
.671 
.738 
.872 

.202 

.682 
.730 

.14 

.623 

.768     .449 
.800     .644 
.800  1  .818 
.712     .872 
.  802     -  675 

.659 
.864 

•  •  •  •%  • 

.893 
.794 

.25 

.685 

.879 
.912 
.794 

.800 
.898 
.754 

.792 
.  705 

.02 

.746 

.  703     .  761 
.655     .702 
.712     .782 
.914     .890 
.916     .792 

.746 

.754 

.768 

.800 

.802 

.850 

.820 

.698 

.742 

.736 

.726 

5.  l|  5  0 

.99 

0 

4 
4 

2 
4 

4 

12 
4 
2 
2 
2 
12 

\ 

O 

2 
2 
2 
4 
2 
4 
4 
12 
12 
2 
2 
3 

'I 

<     4 

o 

12 

12 
2 
2 
4 
4 

12 
4 
2 

12 

2 
2 

25 

4 

4 

2 

4 

2 

4 

12 

2 

4 

4 

4 

12 

12 

4 

12 

12 

2 

4 

o 

i5 

4 

12 
4 
4 
2 
4 

25 
4 
2 

12 
2 

12 
2 

12 
2 
2 

25 
2 

12 
4 
4 
4 

25 
2 

12 

25 

12 

1 

1 

6.7 
6.0 
2.7 
3.3 
6.3 
5.7 
6.7 
2.6 
2.7 
13.0 
6.0 
2.6 
13.7 
l.O 
6.0 
0.7 
6.0 
2.7 
2.6 
12.  7 
2.7 
14.3 
6.7 
2.7 
G.U 
12.0 
6.0 
7.7 
13.3 
4.3 

3.0 

1.000 
.802 

.726 

.912 

.782 
.685 

.836 
.800 
.826 
.8-2<J 
.866 
.763 
.829 
.798 
.798 
.  793 
.786 
.897 

.em 

.661 
.778 
.795 
.787 
.7H3 
.885 
1  .841 
.762 
.749 
.700 
.859 
.860 

.m 

.829 
.810 
.811 

s 

w.... 

Vf  .... 
w .... 
NW... 
NW... 
W  .... 
NW... 
W.... 
W.... 
W  .... 
.SW  .  . 
E 

VI    .... 

s 

sw  .  . 
w .... 
w .... 
NW... 
s 

w.... 

NE  ... 
W.... 

NE  ... 
SW  .  . 
S 

w.... 

w .... 

w.... 

W  •  •  • . 

S 

w .... 
\v  .... 
W-... 
w  .... 
NW... 
W... 
NW... 
NW... 
W.... 
W  . . . . 

SW  . . 

E 

NE  ... 

S 

NE  ... 
W  .... 
W.... 
NW... 

s 

w .... 
NW... 

Tl     .... 

NE  ... 
SW  .  . 
NW... 
W.... 
NE  ... 
SW  .  . 
W  . . . . 

1 

8 

W.... 

E 

W-... 

TT      .  .  .  . 

sw .  . 
w.... 

NW... 
NW... 
W  .... 
W.... 

SW  . . 

E 

W.... 

8 

8 

W  .... 
w  . . . . 
NW... 
SW  .  . 
W  .... 
W.... 
W  . . . . 
NW... 
SW  .  . 
NW... 
W  .... 
NE  ... 
SW  .  . 
S 

South  . . 

West... 

Eat.t  .. 

Wert... 

N.82W. 

N.  60  W. 

Wort... 
,  N.45W. 

N.58W. 

Wert... 

Wert . . . 

S.  45  W. 

EaMt  . . . 

N.  23  W. 

South  . . 
1  South.. 

Wert... 

Wert   .. 

N.  45  W. 

S.28W. 

Wert   .. 

N.29W. 

Wert   .. 

N.  10  E 

S.  45  W. 

N.47W. 

We«t... 

N.  41  E 

S.  49  W. 

S.  18W. 

10 

4 

4 

4 
10 

5 

4 
10 

4 

6 

6 

4 

4 

3 

7 

5 

3 

3 

3 

5 

4 
10 

6 

4 

6 

4 

7 

4 

3 

9 

5.4 

10 

5 

3 

5 

6 

4 

5 
10 

3 
10 

3 

3 

5 

6 
10 

6 

4 

4 

4 

4 

3 
10 

4 
10 

4 

3 

4 

3 

5 

6 

5.4 

■X 

.10 

.768 
.797 

.820     .890 
.843     .820 
.811      .890 
.829  ;  .685 
.  756     .  90:i 



**.*8i 

.775 

.829 

•  ••••<  ...••• 

.811 

.788 

.802 
.811 
.698 
.797 
.874 
.807 

.782 
.794 
.788 
.794 
.816 
890 

1      .24 

1 

.893 
.768 

.56 

1.000 
.811 

.895 

.912  ;  .800 
.822     -850 

.312 

.777 

.750 
.843 
.829 
.738 
.t88 

.  698 
.732 
.705 
.850 
.941 
.698 
.811 

.807 

.7:12 
.e20 

.898 
.8.59 
.762 
.788 
.802 
.698 
.829 
.805 
.800 

.811 

.712 

.712 

.912 
.912 
.800 
.712 
.698 

"."36 

.898 

,833 
.712 
.782 

36 

.807 
.843 

.  861      . 762 
.786     .805 

.08 

;  ■•'« 

.802 

.807 

i 

.608 

.806 

« 

t 

8. 81  W. 

2.99 

1 

1 
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Reductions  of  the  monthly  meterologic«l  register  of  the  swrtif^  ij 


Date. 


1867. 

Jnly       1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

Means — 


Ang. 


1 
2 
3 
4 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
l.-) 
16 
17 
18 
IH 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 


Means 


Barometer  reduced  to  tempemtare 
of  32°  Fahr.,  expreMHed  in  Unltt;d 
States  inches  and  decimals. 


a 

a 


29.686 
2iK764 
29.603 
29.631 
29.666 
29.482 
2i».688 
29.634 
29.  809 

29.  942 
29.688 
29.718 
29.909 

30.  119 
29.927 
29.  fcirj 
29.  979 
29.967 
29.  954 
29.977 
29.736 
29.  643 
29.720 
2i>.  755 
29.680 
29.600 
29.665 
29.  584 
29.  68() 
29.  967 
29.912 


29.773 


29.698 
2i».  605 
29.  852 
30.094 
29.931 
29.  953 
29.915 
29.865 
29.  828 
29.881 
29.991 
29.  837 
29.  447 
29.669 
29.  i>29 
29. 194 
29.  760 
2i).  570 
29.736 
29.  854 
29.  877 
29.887 
29.666 
29.  648 
29.902 
29.907 
29.  801 
29.  460 
29  630 
29.854 
29.885 


i 

o, 

01 


29.7rJ 


29.741 
29.831 
29.660 
29.544 
29.583 
29.495 
29.799 
29.849 
29.803 
29.993 
29.622 
29.803 
30.  o:)9 
:K).(i3i 

29.804 
29.991 
29.  931 
29.999 
29.919 
29.991 
29.660 
29.5(59 
29  842 
29.663 
29.637 
29. 542 
29.560 
29.  521 
29.791 
29.989 
29.839 


29.776 


29.600 
29.620 
29.  909 
29.939 
29. 952 
29.  989 
29.995 
29.  784 
2«».  864 
29. 99t) 
2»».9I7 
21>.  782 
2«».  432 
29.  680 
2'.'  963 
21».  8(19 
2i).  574 
21.522 
29.  771 
29.963 
2'.».  818 
29.732 
2;>.584 
2«).  658 
29.  849 
2i».827 
29.  691 
2!».410 
29.  726 
29.967 
29.610 


29.772 


29.773 
29.703 
29.618 
29.598 
29.498 
29.651 
29.802 
29.  789 
29.  809 
29.781 
29.585 
29.799 
30.037 
29.949 
29.723 
29.829 
29.999 
29.871 
29.  859 
29.801 
29. 570 
29.585 
29.  800 
29.649 
29.  593 
29.721 
29.479 
29.557 
29.904 
29.973 
29.605 


TEMPERATURE— FAURENU£IT. 


3 


29.739 


29.613 
29.628 
29.943 
29.905 
29.  887 
29. 853 
29.810 
29.  777 
29.  744 
29.965 
29.  923 
29.  670 
29.548 
29.  761) 
29.  865 
29.718 
29.500 
29.600 
29.803 
29.7i)6 
29.753 
29.66.3 
29.  510 
29.  701 
29.906 
29.793 
29.534 
29.620 
29.724 
29.980 
29.706 

29.748 


29.733 
29.766 
29.627 
29. 591 
29.582 
29.543 
29.763 
29.757 
29.807 
29.905 
29.632 
29.773 
29.995 
30.033 
29.818 
29.897 
29.790 
29.  946 
29.911 
29.923 
29.  &» 
29.599 
29. 787 
29.  ri89 
29.637 
29.  621 
29.568 
29.554 
29.794 
29. 976 
29.785 


29.756 


29.637 

29.618 

29.901 

29.979 

29.923 

29.  932 

29.907 

29.  8M9 

29.812 

29.  945 

29.944 

29.763 

29.476 

29. 703 

29.919 

29.774 

29.611 

29.564 

29.770 

29.871 

29.783 

29.761 

29.5r7 

29.669 

29.886 

29.842 

29.675 

29.497 

29.693 

29.  934 

29.734 


Wet  bnlb.  or   Dry  bnlb,  or  tem- 
point  of     I     pi-rature    of    the 
evaporation.       open  air. 


B 
J- 


65 

64 

69 

70 

61 

74 

70 

60 

58 

58 

70 

62 

60 

55 

64 

60 

61 

62 

62 

63 

67 

65 

68 

72 

72 

70 

68 

78 

65 

65 

60 

65.1 


B 
6, 


B  I   E 

fit    I      08 


Oi 


67 
66 
61 
60 
70 
70 
71 
71 
70 
70 
66 
60 
72 
65 
63 
66 
66 
69 
62 
63 
(>5 
62 
63 
65 
58 
61 
68 
70 
57 
50 
53 


29.762  64.5 


67 
70 
:9 
72 
58 
73 

70  ; 

69 
63 
68 
77 
62 
64 
65 
74 
67 
70 
73 
65 
71 
72 
81) 
80 
83 
74 
72 
76 
83 
66 
70 
75 


o 

0 

o 

62 

68 

70 

75 

66 

73 

68 

72 

82 

68 

72 

75 

55 

63 

60 

68 

77 

75 

68 

72 

n 

65     62 
64     59 


61 
70 
61 
58 
64 
71 
65 
62 


61 
73 
64 
62 
57 
67 
62 
63 


67  64 

64  I  65 

65  66 
67  1  69 
72  '  68 
72  71 


77 
68 
67 
80 
73 
67 


75 
74 
73 
71 
80 
68 


a 


i* 
^ 


65 

78 
74 
70 
57 


67.7 
72.3 

7a  0 

72.3 
60.0 


E 

9 

B 


70     74. 0 
70  '  71.7 


68     67 
70  !  62 


72  I 

68  I 

71   I 

80  ! 

65  ' 

65 

68 

76 

70 

71 

75 

68 

74 

75 

82 

82 

86 

76 

77 

78 

86 

69 

72 

78 


71.267.2  67.274.0  70.1 


67 
65 
66 
72 
63 
60 
65 
73 
68 
65 
70 
65 
68 
70 
75 
75 
80 
71 
70 
83 
75 
70 
70 
72 


70 
70 
70 
78 
77 
80 
79 
78 
80 
75 


68  1  70 
68  I  68 
68  '  64 
62 
72 


75 

70 

rj 

74 

79 
72 


72  !  67 


n 

73 
73 
72 
72 
68 
62 


80     73 

74  1  68  '  75 

70  i  68  ;  67 

73  i  70  65 

72     68  69 


78 
83 
69 
68 
71 
72 
79 
73 
65 
69 
74 
73 
60 
54 


72 
72 
67 
67 
69 


68 
71 
65 
64 
66 
67  !  64 
74  65 
63  68 
61  61 
67  65 
72  73 
67  75 
.55  :  64 
51  56 


73 

73 

72 

81 

80 

82 

79 

80 

82 

77 

75 

83 

76 

73 

75- 

75 

80 

85 

71 

71 

73 

75 

81 

76 

70 

75 

87 


56  57  58 


70 
71 
70 
75 
77 
75 
76 
76 
80 
74 
70 
76 
70 
70 
72 
70 
74 
75 
69 
70 
71 
70 
76 
65 
70 
72 
80 


80  74 
69  '  60 
63  60 
68  63 


67.0 
64.0 
66.0 
75.0 
64.0 
62.3 
63.3 
7-2.0 
66.7 
66.3 
69.7 
66.0 
69.3 
71.3 
75.0 
76.0 
80.3 
73.7 
73.3 
77.3 
80.3 
69.0 
69.7 
70.7 


73 
78 
82 
76 
70 
77 
73 
74 
70 
71 
81 
70 
70 
70 
8i 
75 
72 
1  76 
i  70 
!  72 
75 
82 
83 
88 
77 
76 
83 
86 
71 
74 
79 


70.4  88 


I 


71.0 
70.7 
68.7 
72.7 
76.3 
7a  7 
76.0 
7a  3 
76.0 
74.3 
71.0 

7a7 

73.7 
70.0 
70.7 
71.3 
74.0 
77.0 
68.3 
68.3 
70.0 
69.7 
74.0 
69.7 
67.0 
70.7 
80.0 
7a  3 
64.3 
59.7 
63.0 


74 
74 
73 

81 
82 
82 
80 
80 
82 
60 
75 
83 
76 
67 
75 
75 
82 
85 
80 
75 
74 
75 
82 
77 
T3 
75 
87 
82 
70 
65 
71 


S 

s 

S 

i 


VAPOR. 


ElastidtT.  in  U.  K. 
inches  snd  dfci- 


a    I   S  I   S     e 

od    '   s.      Si  :  i 


62  .577 

62  . 569 

63  .668 


68 
55 
58 
62 
60 
58 
57 


706 
510 
799 
706 
491 
469 
443 


70  1.693 


61 
57 
55 
67 
60 
60 
61 
63 
63 


.529 

.491 
.407 
.556 
.491 
.510 
.529 
.516 
.536 


66  .635 
65  .577 
68  |.644 
70   .744 


67 
66 
65 
73 
a5 


.757 
.693 
.644 
.931 
.577 


62  i.59l 
60  1.491 


.622'. 
.683. 
.949. 
.744. 
.  4X\. 
.7841. 
.693'. 

.509. 
.644. 
.*-87i. 
.5161 
.583L 
.  577 . 
.812. 
.622. 
72ii 
.7H 
.577 
.71P 
.744 
.99« 
.996 
1.1*7. 
.812;. 
.718 
.870i. 
1.(87 
.599 
.706 
.827 


55  1.596.  745. 6431  «l 


78. 3  08. 2  67. 4  7a  1  71.  6  71.7     87 


67 

66 

68 

65 

70 

69 

71 

70 

70 

70 

66 

60 

67 

65 

62 

65 

65 

69 

64 

63 

64 

61 

62 

62 

58 

61 

67   . 

66  L 

00  I. 

50  L 

52  1. 


622 
612 
497 
491 
706 
693 
731 

rji 

7ti6 
706 
612 
491 
744 
."•91 
549 


1-27. ©6 
604.740 

m.'m 

407.4* 
63tf.747 

591.30 
583.9) 
5€9.5» 
706.7© 
5UI.S1J 
456.510 
083.33 
731.7W 
577. 50 
516. »} 
6S.645 
583.59 

.■in.  610 
e»».(TS7 

74  f.  774 
.744.:« 
8P7.906 
644. 7» 
622.  fi7^ 
982.  «i 
784.934 

ee2.s» 

658. 6Si 
7(W.«i5 


599'.  744 . 


612 
682 


.683. 
.693. 
.706;. 
.9181 

887L 
.996L 

99U-. 

931'. 

996|. 

841. 

744,. 

982!. 
.  812'. 

693|. 

784L 


658 
644 

e» 

744 

841 
666 
771 
812 


& 
.7l« 

m 

831 


.931 


LlOIl 
516.682'. 
5621. 644. 
604.731'^ 
529. 744 . 
549 .  963i. 
577.7711. 
443.. "iSO. 
483.688. 
618 .  664i. 
66b .717. 
373.398}. 
282 .  298L 
336|.29(^ 


977188 
757. 1« 
62-/ «» 
771. 7« 
G.V.7* 

658. «" 

TmM 

658).  «7 
7.'w'W 
744-M*, 
635.  Cll, 
«}-«« 

623.  Cn 
812.7a 
549.  G? 
416.  <70, 

3S7.3» 

255.  S'S 
386.  »7 


50 


.  5781. 73»:  654,  »J 
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the  Morthern  and  northwestern  lakes  at  Fort  Niagara,  New  York. 


VAPOR. 


WIND. 


Humidity. 
Saturation  =*  1.000. 


a 


.787 


.777 
.S22 
.822 
.882 
.805 
.831 
.843 
.880 
.805 
.876 
.825 
.884 
.891 
.888 
.843 
.949 
.890 
.891 
.874 
.884 
.874 
.884 
.893 
.843 
.848 
.846 
.848 
.884 
.682 
.856 


.802 

.794 

.794 

.726 

.  805 

.777 

.738 

.705 

.719 

.833 

.829 

.833 

.836 

.762 

.750 

.762 

.750 

.920 

.843 

.7.50 

.777 

.856 

.833 

.843 

.802 

.772  ; 

.840  ' 

.843 

.777 

.660 

.762 


a 

o. 


.719 
.712 
.€M 
.819 
.884 
.853 
.762 
.833 
.762 
.805 
.Ji05 
.8)2 
.829 
.859 
.853 
.809 
.798 
.867 
.794 
.777 
.853 
.853 
.767 
.822 
.88-2 
.864 
.805 
.772 
.872 
.884 
.  805 


.864 
.836 
.888 
.838 
.831 
.867 
.906 
.886 
.831 
.890 
.838 
.902 
.858 
.856 
.860 
.8.54 
.895 
.848 
.848 
.888 
.83:? 
.  898 
.900 
.900 
.843 
.848 
.910 
.843 
.949 
.871 


a 


o> 


.802 
.800 
.782 
.786 
.781 
.756 
.8-20 
.738 
.r.l2 
.  786 
.727 
.856 
.732 
.829 
.8-29 
.802 
.3-22 
.786 
.762 
.920 
.762 
.762 
.912 
.790 
.T22 
.786 
.786 
.836 
.867 
.816 
.794 


.813     .780 


.863     .866 


.786 
.843 
.822 
.880 
.882 
.907 
.890 
.8i?0 
.848 
.94U 
.880 
.898 
.850 
.854 
.898 
.867 
.848 
.836 
.893 
.831 
.8-25 
.839 
.044 
.893 
.831 
.893 
.898 
.8.)6 
.898 
.873 

.869 


a 
o 


.774 
•769 
.758 
.777 
.823 
.795 
.773 
.759 
.738 

•  OWJ 

.787 
.830 
.799 
.817 
.811 
.791 
.6-23 
.858 
.800 
.816 
.797 
.824 
.837 
.818 
.802 
.807 
.810 
.817 
.?39 
.787 
.787 


.793 


.800 
.834 
.864 
.867 
.839 
.868 
.880 
.882 
.8.8 
.902 
.848 
.895 
.866 
.866 
.867 
.890 
.878 

.  t$uO 

.872 

.868 

.844 

.873 

.912 

.879 

.841  ' 

.862  I 

.852  I 

.661  ' 

.910 

.867 

.866 


Direction. 
From  whence. 


Velocity,  in 
milen,  per 
hour. 


a 


NE  . 
W  .. 
SW. 
s ... 
SW. 
w .. 
w .. 
N  W 
w .. 
w .. 
w .. 
w .. 
w .. 
SW. 
w .. 
w .. 

w.. 

w .. 
w .. 
NE  . 
N.  .. 

8  ... 
SW. 
w .. 

S  ... 

w  .. 
w .. 

w .. 
w .. 
w .. 


ITT     .  .  .  . 

8 

8W.. 
W  ... 
SW.. 

8 

SW.. 

E 

W  ... 

s 

s 

w ... 

w... 

w ... 

8£. . . 
w ... 
w ... 
SW.. 
s .... 
SW.. 

w  ... 

8  .... 
w ... 
N.... 

8  . .  •  • 
8.  ... 
NW.. 
SW.. 
w ... 


a 

o. 

CI 


W  . 
W  . 
NE. 
S  .. 
SW 
w  . 
w . 
NW 
W  . 
w  . 
w . 
w  . 
NE. 
SW 

w . 

w. 

w . 
w . 
w . 
N.. 
N.. 
8  .. 
SW 
SW 
8  .. 
w  . 
w . 

E.. 
NW 
W  . 
W  . 


a 

Pi 


w ... 
w ... 
NE.. 
8  .... 
SW.. 
w ... 
w ... 
NW.. 
W  ... 
W  ... 
W  ... 
W  ... 
NE  .. 
N.... 
W  ... 
w ... 

w... 

w ... 
NW.. 
NW.. 
N  . . . . 
8  .... 
SW.. 
SW.. 
8  .... 
w ... 
w  ... 
E.... 
NW.. 
W  ... 
W  ... 


a 

• 

a 

• 

a 

• 

• 

f» 

<N 

Oi 

25 

25 
2 
2 

25 
2 
2 

12 
4 
2 
2 
4 
2 

4 

o 

4 

o 

4 
2 

25 
4 
2 
4 
2 
2 
2 
2 
2 
2 

12 
2 


35 

12 

2 

12 

12 
o 

A. 

2 
4 

2 
4 
2 

2 

12 

2 

4 

2 

4 

2 

2 

4 

12 

12 

12 

4 

12 
2 
2 
25 
2 
4 
2 


NE  .. . 

8 

SW... 
W  .... 
SW... 

8 

8 

E 

W  .... 
NE..  . 

8 

8 

W  .... 
8 

tV  . • • . 

W.-.. 
NW... 
^V  ... . 
w .... 
NE  ... 
NE  ... 
NW... 
NE  ... 

N 

N 

yv  . . . . 
NE  ... 
W  .... 
W  .... 
W  .... 


NE  ... 

2 

8 

4 

SW... 

4 

VI     .  .  .  . 

4 

SW... 

2 

8 

4 

w.... 

2 

E 

4 

W  .... 

2 

NE  ... 

NW... 

12 

8 

4 

W  .... 

2 

8  . . . .  . 

2 

8 

2 

SW... 

2 

SW.. 

2 

w  .... 

12 

w .... 

2 

NE  ... 

2 

NE  ... 

2 

NW... 

2 

NW... 

2 

N 

2 

N 

25 

W  .... 

4 

8 

4 

W  .... 

35 

W  .... 

2 

w.... 

12 

25 

25 
4 
2 
2 
2 
4 

12 
2 

25 
2 
4 
2 
4 

12 
2 
4 
4 
2 

25 

12 
4 

12 
4 

12 
2 

12 
2 
2 

35 


4 
4 

12 
4 
4 

4 

2 

12 

12 

2 

2 

2 

25 

12 

12 

4 

12 

2 

2 
o 

A. 

12 

25 

12 

2 

25 

4 

2 

25 

2 

2 

2 


35 

12 
2 
2 
2 
2 

12 
4 
2 
4 
2 

12 
2 
2 
4 
2 
2 

12 
2 
4 
2 
2 
2 

12 

25 
2 
4 
2 
2 

25 


V  c 


I 


& 


Amount  of 
cloudiness. 
(0=clear 
skv.) 
(10=8ky  en- 
tirely over- 
cast) 


• 

a 

• 

a 

■ 

a 

• 
a 

d 

• 

a. 

r* 

0« 

o> 

9.0 
13.7 
4.0 
6.0' 
13. 7 1 
2.7 
2.0 
9.3 
6.0 
2.7 
2.0 
2.7 
12.0 
5.7 
6.0 
3.3 
6.0 
2.7 
2.0 
9.7 
9.3 

lao 

9.3 
2.7 

13.0 
2.7 
2.0 

17.3 
1.7 
6.0 
2.01 


o 

N.39  W 
Weur. . . 
N.45E. 
Sonth  . . 
8.45  W 
West... 
We»t... 
N.45  W 
Went... 
We««t... 
West... 
Went . . . 
N.43E. 
S.75  W 
Wout... 
West... 
Went... 
West... 
N.  76  W 
N.35E. 
North  .. 
South  . . 
8.45  W 
8.58  W 
South . . 
West... 
Went... 
East  . . . 
N.56  W 
West... 
West... 


2.3   8.83W. 


16.3 
13.7 
3.3l 
2.7 
2.0 
2.7 
5.0 
6.7 
2.0 
9.7 
4.3 
6.7 
2.0 

O    Q 

5.0 
1.0 
2.3 
9.3 
2.0i 
9.3 
4.0 
2.7 
.3.7 
5.7 

20.7 
2.0 
2.7 

12.7 
2.0 

24.0 

0.9 


N.43E. 
South  . . 
8.  45  W 
West... 
8.  45  W 
South.  . 
8.  68  W 
East  ... 
West... 
N.49E. 
8.  6  W. 
South  . . 
West... 
8.  17  W 
8.  74  W 
8.  41  W 
8.  79  W 
West... 
8.  77  W 
N.48  E. 
N.  45  E . 
N.58  W 
N.44  E. 
N.  7  W. 
North  .. 
S.45  W 
N.86E. 
N  45  W 
8.  76  W 
West... 


10 
3 
4 
4 
6 
7 
4 
5 

10 
4 
3 
4 
7 
8 
7 
5 
6 
6 
4 

10 
4 
6 

10 
5 
4 
5 
2 
4 
8 
4 
5 


5.6 


3 
10 
6 
4 
3 
2 
3 
4 
8 
2 
3 
6 
3 
5 
4 
7 
4 
7 
4 
5 
7 
2 
3 
2 
5 
5 
3 
4 
1 
2 


10 
4 
3 
6 
5 

10 
5 
4 
5 
3 
2 
3 

10 
6 
6 
3 
4 
4 
3 
4 
6 
5 

10 
4 
7 
4 
6 
7 
3 
3 
4 


4 
6 
5 
3 
2 
4 
5 
3 
4 
3 
4 
5 
2 
4 
5 
4 
5 
4 
3 
2 
4 
6 
4 
3 
3 
4 
4 
1 
1 
3 


5 
b 

10 
6 
6 
4 

10 
6 
4 
3 
5 

10 
5 

10 
4 
5 
5 
7 
6 

10 
7 

10 
3 
6 
3 
4 
6 
5 
6 
5 


5.11  6.1 


5 
7 
6 
4 
3 
5 
7 
5 
3 
2 
5 
4 
3 
3 
6 
3 
6 
5 
4 
6 
3 
4 
3 
5 
10 
3 
5 
3 
1 
2 


a  j: 
—  y 

l§ 

?s 

a-  « 

CQQ  (i 
o    •  a 

sea 

< 


N.2  W.l  4.2 


a  7  4.3 


a-9 

b      . 

OOO 

^    a 

-"-I 

< 


.50 


.20 
.'22 


.26 

'.'6e 


.20 


.54 
.04 
.14 


.08 


.10 


2.36 


.16 


22 


82 


1.20 
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Reductions  of  the  montfUn  meteorological  register  oftkesKneft/ 


Date. 


Barometer  reduced  to  temperature 
or3'29  Fahr.,  expresHed  in  United 
Stateii  ftichen  and  decimaU. 


TEMPERATURE— FAHRENHEIT. 


FAFOR. 


a 


1867. 

Sept.   1 

3 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

*  30 

Means.... 


29.524 
29.935 
29.867 
29.857 
29.703 
29.933 
29.923 
30.154 
29.841 
29.747 
30.  004 
29.769 
29.596 
29.944 
3a  049 
29.907 
30.(^03 
29.925 
30.081 
29.713 
30.067 
29.935 
29.229 
30.163 
29.784 
30.039 
39. 892 
29.745 
29.546 
29.924 


29.860 


Oct. 


1 
2' 
3 
4 

5' 

6 

7 

8 

9 

10 

U 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

2t 

25 

26 

27 

28 

29 

30 

31 


29.927 

29.428 

29.765 

29.831 

29.437 

30.080 

30.284 

30.208 

29.742 

29.279 

29.362 

29.514 

29.802 

29. 854 

2J).7I5 

29.961 

29.877 

29.7.38 

29.809 

29.  952 
2i).889 
29.817 

30.  154 
30.3J2 
30.223 
30.147 
:».  J52 
30.012 
29.841 
29.732 
29.707 


Means. 


29.859 


a 


39.734 
29.764 
29.698 
29.924 
29.6U0 
30.124 
30. 097 
30.043 
29.682 
29. 822 
29.909 
29.7J6 
29.543 
30.  125 
30.002 
29.954 
29.984 
29.954 
29.944 
29.787 
29.994 
29.811 
29.837 
30.069 
29.768 
30.  a32 
29.  844 
29.633 
29.636 
30.065 


29.870 


29.785 
29.478 
29.706 
29.727 
29. 542 
30.064 
30.342 
30.137 
29.577 
29.554 
29.289 
29.  626 
29.815 
29. 905 
29.  852 
30.002 
29.703 
29.673 
29.815 
29.967 
29.861 
29.944 
30.105 
30.289 
30.210 
30.110 
30.153 
30.094 
29.776 
29.729 
29. 802 


29.859 


a 

o, 
at 


29.820 
29.804 
29.755 
29.824 
29.865 
30.145 
30.137 
29.937 
29.665 
29. 927 
29.807 
29.661 
29.716 
30.065 
29.937 
29.991 
29.817 
29.838 
29.819 
29.957 
29.977 
29.929 
30.095 
29.817 
29.981 
29.945 
29.  772 
29.498 
29.667 
29.994 


29.872 


29.639 
29.521 
29.811 
29.732 
29.773 
30.141 
30.255 
29.940 
29.46J 
29.298 
29.429 
29.711 
29.769 
29.719 
29.832 
29.824 
29.708 
29.631 
29.839 
29.  9HI 

29.  7.55 
29.878 
.30.  195 
30.240 

30.  178 
30.085 
30.063 
29.967 
29.719 
29.663 
29.934 


a 


39.693 
29.834 
29.773 
29.868 
29.723 
30.067 
30.052 
,30.045 
29.729 
29.865 
29.907 
29.715 
29.618 
30.045 
29.9% 
29.951 
29.935 
29.906 
29.948 
29.819 
30. 013 
29.892 
29.720 
30.  016 
29.844 
30.005 
29.836 
29. 625 
29.616 
29.994 


Wet  bulb,  or 

point  of 
evaporation. 


a 

d 


60 
52 
62 
56 
68 
55 
55 
51 
65 
54 
49 
60 
55 
50 
43 
64 
70 
71 
62 
72 
56 
52 
51 
45 
63 
49 
41 
51 
62 
40 


55 
58 
65 
63 
62 
63 
63 
65 
76 
56 
66 
71 
66 
55 
56 
68 
77 
85 
65 
70 
61 
70 
52 
70 
57 
52 
56 
72 
52 
42 


39.867  56.162.9 


29.829 


29.784 
29.476 
29.761 
29.763 
29.591 
30.095 
30.294 
30.095 
29.593 
29.377 
29.360 
29.617 
29.  795 
29.826 

29.  8C0 
29.828 
29.763 
29.681 
29.821 
29.967 
29.904 
29.880 

30.  151 
30.280 
:W).204 
30.  114 
30.123 
30.  024 
29.  779 
29.708 
29.814 


58 
60 
50 
38 
49 
45 
43 
37 
i  50 
56 
48 
50 
40 
42 
51 
45 
62 
59 
59 
56 
66 
51 
42 
36 
40 
38 
38 
42 
47 
46 
46 


65 

64 

47 

53 

51 

49 

45 

53 

55 

.57 

51 

46 

51 

56 

57 

69 

71 

71 

75 

56 

75 

50 

47 

50 

50 

50 

51 

53 

50 

52 

45 


29.849  48.1 


55 
51 
64 
61 
55 
60 
61 
62 
72 
58 
62 
67 
50 
48 
55 
63 
76 
72 
62 
60 
61 
65 
47 
65 
53 
50 
53 
68 
48 
40 


59.0 


38 

58 
48 
47 
45 
44 
44 
47 
44 
50 
47 
42 
47 
54 
55 
62 
65 
64 
65 
57 
67 
48 
45 
45 
45 
47 
48 
48 
48 
45 
38 


Dry  bulb,  or  tern* 
peratare  of  the  t 
open  air. 


• 

a 

• 

a 

• 

a 

d 

• 

o. 

t- 

C9 

o 

o 

c 

63 

60 

60 

55 

64 

61 

65 

78 

70 

58 

67 

65 

73 

66 

60 

57 

65 

63 

57 

64 

62 

53 

67 

65 

67 

81 

•75 

56 

.•58 

60 

51 

69 

65 

63 

75 

70 

68 

67 

55 

53 

58 

50 

45 

60 

58 

66 

70 

65 

71 

87 

80 

73 

88 

75 

65 

68 

65 

75 

72 

63 

59 

65 

63 

54 

72 

68 

54 

55 

50 

47 

73 

68 

66 

60 

55 

51 

54 

51 

44 

59 

55 

53 

75 

70 

64 

54 

50 

43 

45 

42 

59.0 

66.5 

62.0 

60 

63 

60 

63 

66 

60 

53 

58 

50 

40 

55 

50 

51 

53 

48 

4H 

52 

47 

46 

48 

46 

39 

56 

50 

53 

58 

46 

58 

60 

52 

50 

54 

49 

53 

48 

45 

42  54 

50 

45  60 

56 

53 

60 

58 

46 

70 

65 

65 

74 

67 

62 

74 

66 

61 

78 

68 

58 

59 

60 

62 

77 

70 

54 

5.3 

50 

45 

50 

47 

38 

53 

47 

41 

52 

48 

40 

53 

50 

40 

54 

50 

45 

56 

51 

50 

.%3 

50 

48 

55 

48 

48 

47 

40 

5ao 

50. 2  58. 2 

s 


61.0 
60.0 
71.0 
6X3 
66.0 
61.7 
61.0 
61.7 
74.3 
58. 0 
61.7 
69.3 
63.3 
53.7 
54.3 
67.0 
79.3 
78L7 

6ao 

70.0 
62.3 
64.7 
53.0 
62.7 
50.3 
52.0 
52.7 
66.0 
56.0 
43.3 


62.5 


61.0 
lvJ.O 
.'0.7 
4a  3 
50.7 
49.0 
46.7 
48.3 
52.3 
56.7 
51.0 
48.7 
48.7 
5i7 
57.0 
60.3 
68.7 
67.3 
69.0 
59.0 
69.7 
52.3 
47.3 
46.0 
47.0 
47.7 
48.0 
50.7 
51.0 
50.3 
45.0 


a 
a 
2 


63 
65 
78 
70 
77 
65 
66 
67 
81 
70 
70 
75 
70  > 

60  I 

61  : 
72 
88  i 
88  I 
74 
73 
83 
72 
67 
73 
68 
56 
60 
76 
68 
54 


a 

s 

Q 

S 


Ela^tJcity.iur.a. 
inebei  and  4ed 
maliu 


m 


a 


55  1.478.367. 
50   .349.4«13. 

56  '..516.443. 
55   .422   522. 

.618.516. 

.4«»7L516i. 
55  j.407l.5ei>. 
50  1348.581. 

.591.829. 

.391. 422. 

.321.5W. 

.478   704. 

.2611.626. 

..32lL.193. 

.251'.3i»6. 

.  569 .  658 . 

,72. 792. 

.73111.162. 
62  .516.577. 
60  I.744.7U6. 


54 

55 


65 
53 
48 
57 
53 
47 
43 
60 
69 
70 


55 
51 


.  409 . 4?3 
.3621706 


47   .335 


44 

53 
49 
41 
50 

48 


.27:1 

.536 

321 


349 
693 
426 
362 


.218.409 
.348.744 
.529.362 


40  ;. 208. 22b 


367. 40( 
24-2'.  331 

483. 47< 

367. S0» 
478. 4«r 
523. 4?T 
516.4^ 
744' 721 
456.  IS 
516. 4W 
(22  M 

iXiM 

309.341 
393.3471 

549.695 
84J.<85 

744.ee 

516. 53S 

47e.«a 

510.467 
577. 5« 
2«.3» 
5n.514 
376. 44< 
348.344, 
376.334 
6J8.» 
309.44)0 
22L21? 


88     40   .  43:2.551.478.4*: 


65  :  3R 

67  57 

eo  47 

56  ;  37 

54  45 

53  42 

51  42 

56  36 

59  44 

60  50 


1 

— ■ . 

.456 

.478 

.M9 

456. 

55 
53 


47 
42 


55  I  41 
60  43 
60  50 
70  I  44 
75  !  62 


74 

78 
70 
78 
71 
53 


60 
58 
55 
56 
48 
42 


321'.  178 
203 .  .376 
321.348 
S60.:i08 
238.260 


194 
:t2I 
422 
3iJ9 
331 
221 
228 
348 
288 


.363. 
.393. 
.426. 
.335. 
.25*4. 

335i. 
.396. 
.426. 

695. 


4SC 

SH 
309.39 
363i.2?7' 
.960.319 
.249  2» 
.262.23 
.283.*^ 

.a62.3a 

.334.39* 
.2*7.314; 

.228.2W! 

.2^^.290! 

.39ll33i| 


5:6L718. 


46IJ 
4TS 


53  j  36 

52  40 

53  1  .37 

54  38 
56     41 

54  46 

55  45 
50  '■  45 


718. 

827. 
422. 44S 
....!.  841. « 
335. 3ir. 
228;.  283. 
lge.321. 
235.334.: 
203. .131. 
203.335. 
228. 3S^. 
3831331'. 
384 .  349 . 
284.973. 


53.8  I  78     36   .3091 414. 345l34J 
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the  northern  and  northioestem  lakes  at  Fort  Niagara,  New  York, 


VAPOR. 

WIND. 

Amount 

cloudinc 

(0=cle 

tof 

)gS. 

ar 

en- 
rer- 

Amount  ot  evaporation,  in 
U.   8.  inches  and  deci- 
mals. 

melted 
inchef 

Humidity. 
Saturation— 1.000. 

Direction. 
From  whence. 

Velocity,  in 
miles,  per 
hour. 

*>  s 

■5  2 
o  — 

la 
;S.a 

• 

1 

"5 
i 

(lO^Jky 

tirely  oy 

cast) 

ocd 

a  .  ^ 

• 

a 

■ 

m 
1* 

• 

B 

• 

©1 

• 

a 

• 

.o. 

i 

a 

1* 

• 

• 

a 

• 

o. 

i 

4 

2 
2 
4 
4 

12 
4 
2 
2 
2 
4 

12 
4 
2 
4 

12 
4 
2 

12 

12 
4 
2 
2 
2 
4 

12 
2 

12 
4 

25 
2 

• 

a 

• 

o. 

CI 

2 
2 
2 
4 

12 
4 

12 
2 

12 

4 

12 

2 

12 

12 

12 

2 
o 

2 

4 

2 

4 

4 

2 

4 

2 

4 

4 

35 

25 

2 

12 

• 

a 

• 

2 
2 
2 
2 
2 
2 
2 
2 
2 
4 

• 

a 

ti 
t» 

3 
3 
2 
3 
4 
4 
2 
2 
1 
4 
3 
3 
2 
1 
3 
2 
1 
1 
3 
2 
3 
4 
3 
2 
5 
2 
1 
4 
1 
1 
2 

2.5 

1 
5 
2 
2 
1 
2 
3 
1 
2 
3 
2 
1 
4 
3 
3 
4 
1 
1 
4 
2 
2 
1 
1 
2 
1 
2 
2 
4 
2 
2 
2 

• 

a 

• 
CI 

2 
1 
3 

4 
2 
2 
1 
1 
2 
5 
5 
2 
3 
2 
5 

2 
3 
3 
3 
3 
3 
2 
1 
4 

2.5 

5 
2 
1 
3 

1 
5 
4 
4 
3 
1 
3 
2 
3 
1 
2 
2 
1 
6 
3 
3 
1 
3 
1 
1 
I 
2 
3 
2 
3 
1 
4 

• 

a 

• 

a. 

Oi 

3 

2 

4 

I 

3 

1 

1 

3 

1 

4 

3 

1 

2 

3 

10 

2 

2 
o 

2 
2 
5 
2 
2 
4 
2 
9 

lis 

< 

.843 

.891 

.848 
.854 

.870 

.880 
.904 
.8.54 
.852 
.743 
.850 
.867 
.a36 
.944 
.843 
.906 
.848 
.949 
.904 
.843 
.8.^6 
.8.38 
912 
.912 
.875 
.906 
.774 
.901^ 
.875 
.846 
.9iX) 
.863 

.836 
.863 
.720 
.898 
.874 
.898 
.898 
.893 
.944 
.891 
.900 
.886 
.880 
.944 
.902 
.843 
.836 
.848 
.944 
.843 
.848 
.858 
.858 
.867 
.850 
.848 
.871 
.904 
.848 
.898 
.900 

.842 

.869 
.814 
.885 
.880 
.888 
.884 
.876 
.875 
.855 
.874 
.870 
.903 
.887 
.883 
.8.58 
.890 
.88J 
.874 
.846 
.867 
.871 
.873 
.867 
.886 
.825 
.876 
.896 
.846 
.897 
.882 

N 

W.... 
W.... 
W.... 
NE  ... 

S 

8 

W.... 
NW.  . 
W  .... 
W..   . 
W.... 
W.... 

8 

8 

W.... 
W  .... 
w .... 

E 

NE  ... 
W  .... 

w.... 

w .... 

8 

w.... 

N 

W.... 

o        .... 

NW.  . 
W  .... 
8 

4 

N 

W  ....• 
W  .... 

N 

NE  .. 
W  .... 
W  .... 
W  .... 

N 

S 

8 

W  .... 
w .... 
NE  ... 
N    .... 
W  .... 
W  .... 
W  .... 
NW.  . 
W.... 
W  .... 
iV  .... 
NW.  . 
W  .... 
W  .... 
NE  ... 
NW.  . 

8 

NW... 
W  .... 
8 

W 

W 

W 

N 

NE.... 

W 

W 

SW... 

W 

s 

SW... 

w.... 

w  .... 
NE.... 
S 

w.... 

w .... 
w .... 
w  .... 
w  .... 
w  .... 
w  .... 
yv  .... 
w .... 
w  .... 
NW. . . 

8 

8 

NW... 
W.... 
8 

2.3 
2.0 

o 
N.  17  W 

.22 

.852 

2.0  West... 
2. 7    N.  30  W 
6.0   N.45K 
4.7    S.26W. 
5.0   8.74W. 
2.0'  8.73W. 
4.7    N.  14  W 
.3.  0    S.  13  W. 

.900 

.886 
.862 

.08 

.900 

•  ■  •  •  • 

.8^4 
.939 

.09 

.825 

.854 

2     4. 7   S.  22  W. 
2  i  5.3   West... 
2  ;  6.0   WcHt... 
4     5.0    N.49E 
25  '  5. 7    South  . . 
2  1  5.3   West... 
2     2.7    Wput... 

.888 

.884 

.874 

.841 
.884 

.32 

.886 

.888 

2     2.0 
2     2.7 
2     3. 3 

West... 
N.  70  E 
N.27E. 
West... 
Went. . . 
N.80W. 

.836 

.838 

.896 

2 
2 
4 

12 
2 

.3.3 
2.7 
2.7 

.843 

.850 

.858 

5.  7    S  H3  W. 

.903 

2  7 

West... 
N.5  E. 

.854 

2     5.6 

.850 

12     .3.3    fi.  26W. 

9 

.910 
.843 

12 

12 

2 

2 

19.7 

13.7 

9.7 

5.3 

3.1 

5.3 
2.6 
1.7 
6.0 

South  .. 
N.45W. 
West... 
South  . . 

2 
2 
2 
2 

2.6 

4 

3 
1 
2 
4 
3 
2 
5 
2 
2 
2 
3 
2 
2 
3 
4 
2 
5 
3 
1 
2 
1 
2 
2 
1 
3 
2 
2 
4 
1 
6 

2.6 



.06 

.893 

.884 

.872 

.869 

.857 

.872 

8.  79  W. 

.77 

12 
2 
4 

2 
2 
2 
2 
2 
2 

12 
2 
2 
4 
4 
2 

12 
2 
4 
4 
2 
2 
2 
2 

12 
2 
2 
2 
4 

12 
2 
4 

2 

4 
2 

12 
2 
2 
2 
2 
2 
2 

12 
4 
2 
2 

12 
2 
2 

12 

12 
2 
4 

12 
4 
2 
2 

12 
4 
4 
2 
2 

12 

2 
2 
2 
4 
2 
2 
2 
2 
2 
12 
2 

.848 
.895 

.854 
.854 
.900 
.868 
.867 
.912 
1.000 
.910 
.912 
.907 
.858 
.871 
.906 
.854 
.904 
.858 
.910 
.915 
.899 
.850 
.902 
.858 
.911 
.860 
.751 
.724 
.518 
.701 
.564 
.519 
.424 

.898 
.850 
.898 
.858 
.907 
.768 
.860 
.906 
.955 
.903 
.848 
.860 
.898 
.898 
.900 
.898 
.903 

.896 
.848 
.899 
.848 
.906 
.890 
.570 
.758 
.661 
.677 
.708 
.493 
.670 

.833 
.866 
.877 
.870 
.891 
.845 
.921 
.906 
.922 
.9(rj 

.867 
.872 
.887 
.882 
.898 
.867 
.903 
.891 
.877 
.880 
.915 
.865 
.899 
.864 
.715 
.755 
.647 
.715 
.632 
.546 
.597 

8 

8W  .  . 
NW.  . 

8W. .. 

sw. .. 

8  .... 
W.... 
SW.  .. 

8 

NW.  . 
W  .... 
SW... 
w .... 
NW  .  . 
8W... 
NW... 
8W.  .. 

8 

8W... 

8 

SW... 
SW... 
SW... 
w .... 
w .... 
8W.  .. 

8 

8 

NW.  . 
NW.  . 
8 

8 

8W... 
W.... 

8 

SW... 
W.... 
NW.  . 

N 

N 

W  .... 
NE  ... 
SW... 
W.... 
W.... 
NB  ... 
W.... 
W  .... 
W.... 
W.... 
W  .... 
NW.  . 
NW  .  - 

8 

W  .... 
W..-. 

N 

S 

W  .... 
SW... 
w .... 
8 

8 

8VV... 

8 

8 

S 

W  .... 

8 

SW... 
SW  .  . 
w .... 
w  .... 
8 

w.... 

w .... 
NW... 
W.... 

8 

W  .... 
W  .... 
W  .... 
NW... 

N 

8 

NW... 
«  .... 
NE.... 

S 

w  .... 

8 

S 

8...... 

South  . . 
8.  45  W. 
N.81W. 
8.  5  W. . 

.44 

.833 

.884 

.900 

1.7   S.34W. 
1.7   8.  67  W. 
1.3   8.  80W. 
1.0   S.  75W. 
0.7   S.  45W. 
8.0   N.69W. 
3-3    N.  27  E 

.854 

.902 

.902 

.900 

.900 

.895 

•  t?v^ 

12     5.6   8.  15W. 
4  1  3.3   We»t  .. 
2     2.31  N  66W. 

.858 

.893 

.890 

2 
2 
4 
4 
4 
2 
2 
2 
2 
25 
2 
4 
2 
12 
25 

3.3 

5.0 
2.3 
5.6 
6.3 
1.7 
2.0 
4.3 

N.33E 
N.  56W 
8.32W. 
8. 76  W. 
8.  82  W. 
S  67W. 
N.e2  w 

N  4fiW 

.846 

.895 

.899 

.8^6 

.943 

.945 

.888 

.890 

2.  6l  S.  10  W. 

.843 

12.0 
2.0 
4.7 
2.7 
5.6 
6  7 

N.61W. 
Wei«t  .. 

N.6E.. 
South  . . 
8. 76  W. 
8.  29  W. 
S.  »)  W. 
South  . . 

8.  74  W. 

.825 

.783 

.761 
.768 
.625 



.02 

.28 

.627 

2  ;  1.3 
4  1  6.7 

.  698 

.72 

.849 

.856 

.828 

.845 

0,3 

2. 4l  a  r. 

\ 

1.46 

""l" 

\ 
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Reductions  of  the  moutkly  meteorological  re^jrUter  of  tki  $wnq  of 


Date. 


Dec. 


1. 
2 
3 
4 

5 
6 
7 
8 
9 
10 
11 
12 
13 
U 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
2.'» 
26 
27 
28 
29 
30 
31 


Barometer  reduced  to  temperature 
of  32*^  Fabr. ,  expreKsed  In  United 
States  Inches  and  decinmlit. 


S 

I* 


1867. 

Nov.       1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

Meaoi 


29.8.16 
29.:H9 
29.5.57 
29.563 
.m  076 
30.080 
30.188 
29.  593 
29.144 
29. 795 
29.667 
29.771 
29.678 
29.  i?85 
29.944 
29.513 
29.  572 
29.861 
30. 152 
29.807 
29.  842 
29.834 
29.  822 
29.  898 
29.763 
29.724 
.30. 055 
29.800 
29.  530 
29.553 

29.  751 


3a  078 
21».888 
29. 961 
29.796 
29.453 
29.461 
29.  746 
2l>.  9.')2 
29. 950 
29.664 
29.909 
29. 922 
30  073 
30.020 
29.793 
29.732 
29.  557 
29.903 
30.363 
29.827 
30.226 
29. 282 
29.716 
29.826 
29.865 
29.  728 
29.410 
29.  825 
30. 097 
30. 245 
30.245 


Meani. . 


29.855 


0« 


29.599 
29.446 
29.192 
29.751 
29.865 
30.067 
29.789 
29.526 
29. 5*^9 
29.699 
29.856 
29.887 
29.7IU 
29.  449 
30.052 
29.756 
29. 586 
29.884 
31).  142 
29.  671 
29.934 
29. 932 
29.832 
29. 740 
29.640 
29.866 
29  876 
29.866 
29. 282 
29.678 


29.739 


29.972 
30.062 
29.747 
29.635 
29.  621 
29.210 
29.664 
29.827 
29. 944 
29.732 
29.817 
29.862 
.30.069 
29.905 
29.789 
29.754 
29.444 
30.033 
30.336 
29.754 
30.135 
29.277 
29.807 
29.845 
29.620 
29.814 
29.213 
29.978 
30.162 
30.333 
30.173 


S 

o. 


29.824 


29.432 

29.522 

29.148 

29.830 

29.918 

30.072 

29.666 

29.496 

29.658 

29.734 

29.776 

29.839 

29.895 

29.711 

29.721 

29.856 

29.799 

29.818' 

30.071 

29.706 

29.925 

29.898 

30.043 

29.857 

29.643 

29.945 

29.869 

29.884 

29.450 

29. 743 


29.764 


30.098 
29.831 
29.653 
29.733 
29.68*) 
29.380 
29.843 
29.728 
29.889 
29. 7-23 
29.763 
29.785 
30.060 
29.841 
29.730 
29.659 
29.512 
30.104 
30.265 
29.853 
30.019 
29.420 
30.038 
29.  916 
29. 430 
39.902 
29.450 
29.906 
30.183 
30.292 
30.114 


29.832 


s 


29.622 

29. 432 

29.299 

29.715 

29.953 

30.073 

29.881 

29. 5.38 

29.564 

29.743 

29.766 

29.832 

2!).  761 

29.482 

29.906 

29.708 

29.652 

29.854 

.30.122 

29.728 

29.900 

29.888 

29.899 

29.832 

29.682 

29.845 

29.933 

29. 850 

29.421 

29.658 


29.751 


30.049 
29.927 
29.787 

29.  721 
29.587 
29.350 
29.751 
29.836 
29.928 
2i).706 
29.830 
29.856 
30.062 
29.922 
29.771 
29  715 
29.504 
:H).  013 
.30.  .321 
29.811 

30.  127 
29. 326 
29.854 
29.862 
29.638 
29.815 
29.:J58 
29.903 
30.147 
30.290 
.30.  177 


TKMPERATURK— FAHRXNHErr. 


Wet  bulb,  or 

poiot  of 
evaporation. 


Dry  bnlb,  or  tem- 
perature of  the 
open  air. 


S 


S 
ci. 


Cm 

o 


41 
54 
44 

40 
30 
35 
3U 
43 
58 
48 
40 
34 

:» 

36 
30 
38 
31 
16 
20 
40 
34 
34 
46 
43 
48 
37 
33 
35 
40 
15 


56 
.•i3 
47 
44 
44 
38 
44 
62 
57 
.% 
35 
35 
35 
40 
31 
35 
37 
22 
30 
45 
40 
52 
50 
.52 
52 
40 
39 
40 
41 
15 


47 
47 
40 
38 
34 
35 
39 
57 
47 
50 
32 
28 
30 
32 
30 
31 
30 
20 
29 
44 
30 
44 
44 
41 
46 
32 
36 
38 
37 
12 


36.9  42.2  36,7 


15 
31 
25 
12 
21 
30 
26 
16 
8 

23 
20 
3 
5 
7 
14 
20 
20 
14 
11 
22 
25 
42 
29 
28 
32 
33 
35 
27 
23 
16 
9 


90 
31 
34 
20 
28 
36 
23 
18 
14 
20 
22 
2 
8 
9 
32 
23 
24 
16 
17 
23 
30 
40 
24 
34 
35 
39 
52 
29 
20 
14 
23 


18 
28 
30 
18 
35 
35 
19 
12 
8 
16 
15 
2 
9 
6 
18 
21 
20 
12 
8 
27 
24 
33 
20 
28 
33 
32 
41 
29 
17 
9 
18 


29.837  20.7,24.2  20.3 


S 


43 
55 
45 
43 
32 
38 
32 
46 
60 
51 
43 
37 
35 
38 
32 
40 
33 
18 
23 
41 
36 
37 
48 
46 
51 
40 
35 
38 
42 
18 


58 
56 
-49 
46 
47 
41 
47 
65 
59 


S 

D. 


49 
50 
42 
40 
38 
37 
46 
GO 
•50 


57  52 


37 
38 
37 
43 
34 
37 
40 
25 
32 
48 
43 
55 
53 
55 
55 
42 
42 
43 
44 
17 


34 
30 
33 
35 
33 
33 
32 
22 
31 
46 
33 
47 
47 
44 
48 
35 
4U 
40 
40 
14 


39.244.839.3 


18 
33 
28 
14 
33 
33 
28 
16 
10 
36 
23 
5 
8 
10 
16 
22 
33 
16 
13 
25 
28 
44 
31 
31 
35 
35 
38 
31 
25 
18 
11 


23.1 


33 
34 
37 
22 
30 
39 
26 
18 
16 
23 
25 
5 
10 
12 
35 
26 
36 
18 
19 
36 
32 
42 
26 
37 
38 
41 
55 
32 
22 
16 
26 


20 
30 
31 
20 
38 
37 
31 
15 
10 
18 
18 
4 
9 
8 
90 
34 
33 
15 
10 
30 
27 
36 
33 
31 
35 
34 
44 
30 
19 
11 
30 


26. 7  23. 6 


50.0 
53.7 
45.3 
43.0 
39.0 
38.7 
41.3 
57.0 
56.3 
53.3 
38.0 
35.0 
34.7 

3a7 

33.0 
36.7 
35.0 
21.7 
28.7 
45.0 
37.3 
46.3 
49.3 
48.3 
51.3 
39.0 
.39.0 
40.3 
42.0 
16.3 

41.1 


20.3 
32.3 

:e.o 

18.7 
27.0 
36. 3 
35.0 
16.3 
13.0 
32.3 
22.0 
04.7 
09.0 
10.0 
20.3 
24.0 
23.7 
16.3 
14.0 
37.0 
29.0 
40.7 
26.7 
33.0 
36.0 
36.7 
45.7 
31.0 
32.0 
15.0 
19.0 


a 

o 
S 

ce 


E 
6 

i 


VAPoa. 


Elasticiiy^inU.S. 
incbes  aiMl  deal 
mala. 


24.1 


56 

56  I 
51 
50  ! 
47  I 
46 
47  ! 
65  j 
60  I 
57 
45 
38 
37 
43 
40 
41 
40 
36  * 
31.5; 

48  ; 

44  I 

55 

56 

57 

55 

45 

45 

44 

45 

32  i 


B 


41 
44 
40 
38 
30 
35 
30 
42 
47 
47 
32 
27 
30 
28 
30 
31 
30 
15  {. 

29  . 
40  L 

30  \, 

44  . 

40  ;. 

45  L 

32  L 

33  . 
38  . 
36  . 
12  I. 


% 


331 

404'. 

275'. 

9i«:. 

144. 

165. 

144. 

238. 

456. 

29«i,. 

2118. 

1571. 

1621. 

186. 

144. 

2U3. 

151. 

067. 

074. 

235. 

170' 

157!. 

284. 

238'. 

296. 

18l|. 

162. 

165 

221 

052 


65  [  12  1.202 


43 

23 

34 

re 

37 

24 

30 

12 

33 

24 

45 

3U 

40 

19 

25 

13 

22 

9 

24 

16 

422.297.31^ 

363.28:^.3501 

297.221   36* 

262.303.aS4i 

249.144.17? 

1901.178.178 

249.160.1^ 

516 .  426 

439.283 

436.334 

178.155.1 

165. 130.1 31 

178 .  144 .  161' 

2t8 .  Mi.  ITU 

1391. 132 . 1» 

na  151 .  ITTJ 

181  i.  144.129 

084.f85.(r»' 

144. 137. 11?; 

260.262.238 

208.133.1701 

349.249.353 

321.249.^ 

34».2l8.2a<j 

349.284.310 

22 1.142. 181 

199. 1ft).  174 

208.203.198 

218.  IP  1 1.907! 

O63.052.(fi6{ 

254.196.217! 


25  !  15 
20       3 


19  i 

17  i 

24 

36 

S4 

31 

20 

31 

36 

45 

33 

37 

38 

44 


4 

6 
14 
30 
20 
13 

8 
22 
20 
32 
90 
37 
30 
32 


55  !  40 
50  I  29 


41 
31 
38 


17 
9 
9 


.053 

.15l|. 

.1001. 

.05-2: 

.090; 

.132 

.117 

.oeo 

040 
.089 
.0741 
.027 
.021'. 
.026 
.a)9 
.085. 
.0741. 
.ai9^ 
.049i. 
.084 
.lOOl. 
.34l|. 
,1371. 
.  119 . 
.1421. 
.  162l 
.165. 
lUl 
100. 
.067. 
.043. 


O74'.07S.067 
139 .  130*.  14S 
1571. 155L 137 

(fi5.(r»;.07i 

13^1.  lOOL  107 
173!  178,.  la 
089!.  083.sk 
098.011.07$ 
QS».040i.04< 

ir74.o»7Lan 

084.Q5^.(m) 
014.029{.(e9 
040,.OSSi.OI3 
Q31.034LC» 
084^076}.  073 
089^.(1791  eg4 
lO6.063i.tt^ 
067.04iL4IBfi 
071.D40LOS^ 
089.  IIS. Oe^ 
144.09&113' 
221.  I4^»9M^ 
106.0741.10^ 
157.1 10. 1» 
165  IttlU^ 
2I«.15S.17« 
349!.3ia.l44{ 
136;.l49i.lS5; 
085. 0711.  OES 


55 


.067.Q5».OI3L4l6ii 
.043.oe9p07li|.<W 

.0921.112  OH.  09* 
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the  northern  and  northwestern  lakfs  at  Fort  Niajfara,  New  York, 


VAPOR. 

• 

WIND. 

Amount 

cloudin< 

(0=cie 

of 
aim. 
ar 

-en- 
ver- 
) 

Amount  of  evaporation,  in 
U.  8.  incheii  and  deci- 
mal«i. 

•a  (B 

11 

Humidity. 
Saturation  — 1,000. 

Direction. 
From  whence. 

Velocity,  in 
milea,  per 
hour. 

|2 

17.0 
9.3 

13.7 

1.0 

14.0 
5.0 

10.7 
3.7 

16.0 

10.3 
5.3 
6.0 
3.0 
6.0 

13.0 
5.7 
4.7 

10.0 
6.0 

12.7 
1.7 

ia3 

6.0 
2.0 

20.7 
4.3 
1.7 
6.0 

19.3 
2.3 

0.7 

2.7 
9.3 
9.3 
5.0 

11.0 

20.7 
6.0 
2.0 
3.3 

1.3.7 
2.0 
4.7 
2.0 
1.7 
1.7 
3.3 
9.3 
6.0 

17.3 
2.6 
3.3 

•21.  3 
2.0 
2.0 
1.7 
2.0 
2.0 
6.0 

12.7 
1.0 

31.7 

2.2 

1 

s 
1 

aky.) 
(10=aiky 
tirely  o 

cast. 

©00 

a   .  ^ 

• 

a 

• 

S 

• 

m 

• 

s 

« 

S 

• 

a 

• 
CI 

• 

a 

« 

m 

m 
1* 

12 
2 
4 
2 
2 
2 
4 
2 

12 

25 
2 
4 
2 
4 
2 
4 
2 
4 
4 

12 
2 
4 

12 
2 

12 

12 
2 
2 
2 

12 

• 

a 

• 

« 

25 
25 
25 

2 
25 
12 
25 

4 
35 

4 
12 
12 

4 
12 
12 
12 
12 
25 
12 
25 

2 
12 

4 

2 
25 

2 

2 
12 
35 

4 

• 

S 
d 

35 
4 

12 
2 

35 
2 
4 

12 
4 
4 
2 
2 

12 
2 

25 
4 
4 
2 
2 
4 
2 

25 
2 
2 

25 
2 
2 
4 

25 
2 

• 

a 

I* 

5 
2 
2 
2 

1 
2 
3 
2 
3 
2 
1 
1 
5 
1 
3 
1 
2 
1 

E 

1 
2 
2 
1 
2 
3 
3 
2 
3 
3 

• 

a 

• 

« 

3. 

2 

2 

1 

5 

2 

1 

2 

2 

1 

2 

2 

6 

2 

2 

4 

1 

2 

2 

4 

1 

1 

1 

1 

3 

1 

1 

2 

4 

2 

• 

a 

• 

4 

3 
4 
2 
6 
1 
2 
2 
4 
2 
2 
3 
4 
1 
3 
3 
2 
5 
1 
4 
2 
2 
2 
2 
2 
2 
1 
2 
4 
1 

2.9 

2 

2 

2 

3 

4 

2 

1 

2 

3 

3 

3 

5 

2 

2 

1 

2 

3 

2 

2 

4 

2 

2 

2 

1 

2 

2 

2 

5 
o 

2 
3 

2.4 

a  k'O 

aSS 
< 

.831 

.708 
.675 
.463 
.790 

.ai6 

.836 
.943 
.893 
.784 
.876 
.846 
.812 
.946 
.816 
.765 
.898 
.618 
.878 
.843 
.900 
.783 
.900 

.708 
.452 
.704 
.783 
.708 
.831 
.942 
.836 
.858 
.880 
.836 
.848 
1.000 
.856 
.816 
.890 
.824 
.858 
.836 
.831 
.886 
.843 

.749 
.644 
.668 
.816 
.768 
.847 
.920 
.864 
.845 
.876 
.847 
.830 
.776 
.823 
.807 
.893 
.797 
.879 
.838 
.863 
.803 
.870 
.798 
.848 
.843 
.885 
.815 
.873 
.870 
.780 

NW... 

E 

S 

8 

8 

E 

E 

W  .... 
8W... 
NW... 

8 

8 

8 

NE  ... 

N 

W  .... 
8W... 
8W... 
NE  ... 

8 

8 

8 

NE  ... 
8E.... 
W.... 
NE  ... 

8 

W  .... 

sw... 

NE  ... 

NW... 

N 

8  ...:. 

E 

W  .... 
NE.... 
NE  ... 

W. '.".'.' 
8    .... 

8 

8 

NE  ... 
NE  ... 

8 

W.... 
8W... 
NE  ... 
SW... 
W  . . . . 
SW... 
NE  ... 

8 

W.... 
NW.. 
SW.  .. 

sw... 

NE  ... 

sw... 

NE  ... 
NE... 

8 

NE  ... 

N 

NE  ... 
NE  ... 
SW... 

8 

W.... 

8 

8 

NE  ... 
NE  ... 
NE  ... 

8 

S 

8 

NE  ... 
SW... 

8 

SW... 
NE  ... 

8 

W  .... 
NW.  . 
SW... 
SW... 
NE  ... 
S 

o 

N.2  W. 
N.  lOE 
South  . . 
S.  79  E. 
N.  37  W 
N.49E. 
N.50E 
8. 36  W. 
8. 10  W. 
N.55  W. 
South  . . 
South . . 
N.74E. 
N.45E. 
N.43E. 
8.  14  W. 
8.  69  W. 
8.  42  W. 
N.45E. 
S.32W. 
8. 24  W. 
S.41W. 
N.45E. 
8. 13E 
West  .  . 
N.26E. 
8. 31  W. 
8.  49  W. 
N.45B. 
N.58E. 

.805 

.836 
.876 



.32 

.761 
.874 

.16 

.874 

• 

.864 

.893 
.872 

.24 

.859 

.831 

.381 
.798 

.44 

.840 

.891 

.949 

.902 
.836 

.26 

.858 

.819 

.867 

.802 

.805  1  .786 
.854  1  .843 

.847 

.838 

.822 
.867 
.819 
.858 
.867 
.762 

.869 
.929 
.869 

.856 
.829 

.859 

.756 

.864 

.888 
.750 

.12 

.831 

.815 

.830 

.825 

N.71  W 

2.21  2.2 

1.54 

2 

12 

25 

2 

4 

25 
12 
2 
4 
12 
2 
4 
2 
2 
2 
2 
4 
2 
2 
2 
4 

25 
2 
2 
2 
2 
2 
2 
12 
4 
25 

4 
4 
2 

12 

12 

12 
4 
2 
^ 

25 
2 

12 
2 
2 
2 
4 

12 
4 

25 
2 
4 

35 
2 
2 
4 
4 
2 
4 

25 
2 

35 

-  . 

2 
12 

2 

4 
25 
25 

2 

2 

4 

4 

2 

4 

2 

2 

2 

4 

12 
12 
25 

4 

2 

4 

2 

2 

2- 

2 

4 
12 

4 

2 
35 

.880 

.880 
.867 
.675 
.825 
.833 
.781 
.796 
.804 
.819 
.853 
.837 
.803 
.806 
.800 
.&14 
.902 
.862 
.858 
.863 
.806 
.878 
.819 
.798 
.819 
.850 
.801 
.826 
.787 
.813 
.811 
.839 

8 

8 

N 

8 

E 

W... 
NE  ... 
8E.... 

8 

8 

8 

NE  . . . 
8  ...... 

SE.... 

8 

8 

8 

S 

8 

8E.... 

8 

W  .... 

N 

W.... 

8 

8E.... 
SE.... 

E 

E 

NE  ... 

jS     .  •  .  • 

8 

8 

N 

NE  ... 
w  .... 
w .... 
NE  ... 

E 

8 

8 

8 

NE  ... 

8 

SW... 
W.... 

8 

8 

S 

8 

SE.... 

8 

W  .... 
NW.  . 
W.... 
NE  ... 
NE.  .. 
NE  ... 

E 

NE.  .. 
S 

w.... 

8 

8 

NW... 
NE  ... 
W.... 
W  .... 
NE  ... 

K 

8 

S 

8 

NE  ... 

8 

SW... 
w .... 

8 

8 

8 

8 

SE.... 

8 

W.... 
SW... 
w .... 
NE  ... 
NE  ... 
NE  ... 

E 

NE  ... 

8 

W  .... 

South . . 
South . . 
N.3  W. 
N.51E. 
West... 
Went  .. 
N.45B. 
8.  77  E. 
South  . . 
South  . . 
South . 
N.45E. 
South  . . 
8.  16  W. 
S.69W. 
South . . 
South  . . 
South  . . 
South . . 
8.  45  E 
South . . 
West... 
N.63W. 
Went... 
N.G4  K 
N.62E 
N.62E. 
Ea«t  ... 
N.58E. 
8.64  E. 
Wegt... 

2 
2 
3 

2 
2 
2 

I 
1 
2 
2 

I 

2 

1 
I 
2 
2 

1 
2 
2 
2 
5 
1 
1 
2 
1 
1 
2 
4 
1 
2 

2.0 

1 
2 
2 
3 
3 
1 
2 
1 
3 
2 
4 
4 
1 
1 
1 
1 
1 
1 
I 
1 
2 
2 
1 
1 
1 
1 
2 
0 
2 
1 
2 

1.7 

.831 

.891 
.370 
.869 
.864 
.794 
.777 
■  809 
.816 
.822 
.802 
.850 
.802 
.765 
.822 
.948 
.856 
.856 
.863 
.819 
.907 
.798 
.786 
.798 

.880 
.856 
.786 
.777 
.772 
.843 
.786 
.843 
.861 
.85.3 
.762 
.786 
.872 
.816 
.836 
.893 
.891 
.843 
.522 
.848 
.856 
.847 
-847 

.798 

.820 
.859 

.78 

.  777 

.767 

.816 

■ 

.798 

.876 
.856 
.798 
.829 
.762 

...... 

.06 
.14 
.16 
.22 

.864 

.921 

.836 

.828 

.882 

.876 

.802 
.762 

.18 

.811 

1 

.912 

.861  :  .777 
.798     .786 
.802  1  .856 
.809  1  .790 

.820 

.820 

.762 

.786 

.798 
.805 
.847 

.8.16 
.777 
.820 

.850 

.850 

.828 

.813 

.827 

.824 

8. 48  W. 

1.54 

1 
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Reductions  of  the  monthly  meteorolvffieal  register  of  the  nrpqi  #/ 


TRMPKRATDRE— FAHRENHEIT. 


Dat«. 


1867. 

Jao.       I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

\6 

17 

18 

19 

SO 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

Meani  .  . . 


Feb. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 


Barometer  reduced  to  temperature 
of  32°  Fahr.,  expretwed  In  United 
States  inches  and  decimaln. 


Means 


• 

s 

ei 

1* 

• 

a 

d 

G9 

29.947 
30.064 
30.950 
29.849 
2li.  527 
29.416 
29.642 
29.  553 
29.465 
29.197 
29.463 
29.987 
29.676 
29.  773 
29.749 
29. 8:]6 
29.513 
29.953 
29.6^<0 
29.580 
29.220 
29.497 

29.  755 
30.013 
29.844 
29.071 
29.333 
29. 750 
29.749 

30.  130 
29.779 

29.989 
29.927 
29.838 
29.820 
29. 24.'* 
29.  4116 
29.589 
29.419 
27.311 
29.  231 
29.583 
30.046 
29.471 
29.725 
29.873 
29.617 

29.  603 
29.834 
29.546 
29.535 
29.201 
29.529 
29.764 
30.026 
29.564 
29.041 
29.417 
29.750 
29.778 

30.  115 
29.700 

29.709 

29.628 

29.362 
29.  579 
28.985 
29. 493 

29.  .341 
29.786 
30. 051 
29.864 
29.297 
29.786 
.30.501 
30.200 
29.968 
29. 927 

30.  225 
29.  564 
29.685 
2J».78l 
29. 999 
29.787 
29.644 
29.816 
29.679 
29.4(!0 
29.  948 
29.893 
30. 132 
29.882 

29.520 
29. 359 
29.018 
29.410 
29.391 
29.812 
.30.  019 
29. 705 
29. 270 

30.  135 
30.276 

31.  108 
29.784 
29.984 
30.  167 
29.384 
29.730 
29.676 
:M).  0('9 
29.771 
29.486 
29.911 
29. 390 

29.  593 
29.861 
29  967 

30.  178 
29.743 

29.771 

29.738 

29.995 
29.866 
29.816 
29.809 
29.296 
29.501 
29.545 
29.  4:17 
29.267 
29.  349 
29.635 
30.026 
29  473 
29.  746 
29.869 
29.4:J5 
29.628 
29.852 
29.538 
29.575 
29.271 
29.610 
29.781 
30.014 
29.246 
29.066 
29.457 
29.291 
30.040 
30.010 
29.485 


29.611 


29.689 
29.098 
29.137 
29.338 
29.649 
30.  007 
29.973 
29.659 
29.204 
30.309 
30.011 
30.007 
29.684 
30.  056 
30.047 
29.455 
29.803 
29.545 

29.  936 
29.829 
29.469 
29.960 
29.385 
29.794 
29.833 
30.031 

30.  149 
29.712 


s 


29.977 
29.952 
30.201 
29.826 
29.356 
29.441 
29.592 
29.  470 
29.348 
29.259 
29.560 
30.020 
29.540 
29.748 
29.830 
29.626 
29.581 
29.880 
29.588 
29.563 
29.231 
29.545 
29.767 
30.018 
29.550 
29.  059 
29.402 
29.597 
29.856 
30.085 
29.655 


Wet  bulb,  or 

point   of 
evaporation. 


« 


24 

15 

9 

24 

25 

29 

22 

19 

22 

21 

19 

I  10 

14 

!  15 

9 

10 

15 

6 

9 

20 
20 
20 
21 
24 
26 
30 
19 
20 
9 
9 
23 


29.742 


29.649  118.1 


29.  524 
29.345 
29. 047 
29.414 
29.460 
29.868 
30. 014 
29.743 
29.257 
30.077 
30.263 
30.105 
29.812 
29.989 
30.146 
29.468 
29.739 
29.667 
29.981 
29.796 
29.533 
29.896 
29.485 
29.596 
29.881 
29.964 
30.153 
29. 779 


40 
27 
36 
29 
31 
28 
26 
30 
38 
10 
9 
33 
42 
36 
22 
37 
34 
26 
27 
24 
26 
28 
24 
33 
21 
19 
23 
33 


S 

ex 


27 
24 
31 
38 
32 
28 
22 
23 
30 
31 
29 
18 
15 
18 
14 
20 
14 
10 
14 
21 
27 
23 
25 
427 
26 
26 
21 
20 
13 
22 
31 


21 
10 
10 
27 
29 
27 
21 
21 
23 
24 
22 
14 
15 
10 

9 
21 
17 

8 
13 
18 
20 
20 
26 
25 
29 
22 
21 
16 

9 

9 
32 


Dry  bnlb,  or  tem- 
perature of  tbe 
open  air. 


• 

s 

•  ■ 

B 

• 

s 

• 

• 

• 

t* 

09 

O) 

o 

O 

o 

26 

29 

23 

16 

26 

11 

10 

:« 

U 

25 
26 
30 
24 
20 
23 
22 
20 
11 
15 
16 
10 
11 
16 
9 
10 
21 
21 
22 
23 
26 
27 
32 
20 
21 
10 
10 
25 


40 
34 
.30 
25 
25 
32 
32 
31 
19 
17 
19 
16 
22 
16 
12 
15 
23 
28 
25 
27 
29 
27 
28 
22 
21 
14 
23 
36 


$ 


29 
30 
28 
23 
22 
26 
25 
23 
15 
16 
11 
10 
23 
18 
9 
14 
19 
21 
21 
28 
27 
30 
33 
22 
17 
10 
10 
34 


23. 219.  0  19. 3  25.  0  20.  3  21. 5 


35 
27 
34 
.38 
31 
39 
52 
48 
34 
11 
28 
42 
43 
36 
25 
.37 
39 
42 
25 
30 
29 
26 
33 
32 
27 
33 
33 
43 


29.750  128.3  34.0 


27 
31 
21 
31 
28 
25 
.30 
42 
25 
13 
30 
35 
43 
29 
25 
36 
32 

a3 

18 
24 
28 
20 
32 
25 
19 
30 
24 
.38 


43  '  39 

29 

38 

31 

32 

30 

^8 

32  .56 


29 

33 

.37 

22 

40 

33 

32 

29 

42 

26 

54 

31 

41 
11 
10 
36 
44 


36 
12 
30 
44 
46 


37  38 
23  26 
42  42 


.38 
28 
29 
26 
27 
30 
25 


39 
45 
27 
32 
30 
28 
26 


36  .35 

22  28 

20  37 

24  35 

35  1  50 


29 
33 
22 
33 
29 
26 
31 
44 
27 
14 
32 
37 
46 
3<» 
26 
38 
35 
34 
19 
25 
29 
21 
34 
27 
20 
32 
25 
43 


•28.330.236.630.0 


26.0 
17.7 
18.0 
31.3 
30.0 
29.6 
24.0 
S2.3 
27.0 
26.3 
24.7 
15.0 
l&O 
15.3 
12.0 
18.7 
16.7 
10.0 
13.0 
21.0 
23.3 
22.7 
96.0 
27.4 
28.0 
27.7 
21.3 
19.7 
11.3 
14.3 
31.7 


37.0 

30.0 

32.3 

34.7 

31.0 

32.7 

37.7  I 

44.0 

34.7 

12.3 

24.0 

39.0 

45.3 

35.0 

25.0 

40.7 

37.3 

35.7 

25.0 

27.7 

28.7 

26.3 

31.7 

32.7 

23.3 

29.7 

28.0 

42.7 


a 

9 
J 

"5 
?5 


a 

9 
I 


30 
26 


11 
0 


35  -10 


40 
35 
35 
28 
26 
32 
34 
31 
23 


33 
42 
45 
35 
45 
54 
56 
45 


39 
46 
40 
41 
36 
33 
31 
32 
41 
37 
29 
37 
39 


3 

14 

16 

10 

4 

3 

11 

8 

3 


TAPOR. 


Elaitidty.in 
inchri  and 
mala. 


U.8.; 


ft 

01 


S 

Sk 


s 


19  2 
21  -  1 
16-2 

23  -11 

24  5 
18  -  2 
le  I-  4 

25  3 


28 
27 


8 
8 


28  10 
30  13 
30  '  15 
32  I  13 
25  I  10 
24  5 
19  -  1 
24  -  1 
27   -  1 


.106. 
.071. 
.054!. 
.  117. 
.123;. 
.  149J. 
.095. 
1.092. 
.  i07. 
.101. 
092. 

0)7 ; 

.07ll 
.074L 

.a>4 

.057 
.074. 
.051 
.054 
.096. 
.f96. 
.085. 
.  090 . 
106. 
.129. 
.144 
.  (:92 . 
.f]96 
.054 
.051. 
.100. 


124.090l'i(ni 
106.057j.a» 
15l.05T.(ieT 
203.124.14^ 
1.55. 149.  I4i 
130. 136, 1» 
O84i.U9OJ)90 
lOO!.  101.098 


.1131 
.127! 

'.m 

OSSi 


144.089 

162.117 

137.107 

087.071 

0IO.074 

087.0571.073 

U59.054l0» 

085.0901.077; 

059.083.073' 

O46.O5I.049 

07l].067.C6t 

10lLot7.0» 

136 .  096 .  ICI 

100|.  09(f.flW 

112.117.106 

124. 11?.  11* 

129 .  149 .  136 

1 17 .  1U7 .  m 

10lLlOl.O« 

096.07^. <»fl 

0671.054.(661 

107!  054.075 

116'.  155. 134, 


40  l-U    .089.  U«. 093. 097. 


47  •   19 


12 
22 
17 
18 
14 
5 
13 
16 


27-3 
35-4 

44  19 
47     26 

45  21 


13 

15 

23 

16 

9 

9 

9 

12 

2 

15 

8 

12 

13 


50  I  14 


.208 

.124 

.186 

.137 

.16>i 

.130l 

.117 

.144 

.190 

.057 

.054 

.149 

.241 

.  199 

.107 

.155 

.144 

.117 

.124 

.106, 

.129' 

.130 

.117 

.149 

UOl 
.092 
.112 
.162 


152. 1-24. 161 
124.151.133! 
157 .  101 .  14« 

203!.  151 .  m 

ie2.i42.ia 
199. 123.  IM 
.362.  liS.Sll 
230. 241. » 
170.112.157 
061.167.08 
130f.  144.11* 
24ll.l7l?.l» 
238. 238. » 
186  149.1 

12:1.  m.  II  : 
155.186.1®! 
23?..  Hf.lTS 
298.175.173 
112.087.1« 
144.117.15 
14*^.  142.  MB 
117;.  096. 114^ 
,149.155.1401 


162.117.139 
186f.l64M71i 


32. 3  1  54  ;-  4 


137,.  171;.  140. 14* 
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the  uorthtm  and  northDestem  lakes  at  Fort  Niagara^  New  York. 


VAPOR. 


Hnmidity. 
Saturation  =  l.OOO. 


S 
d 


.833 
.934 
.920 
.750 
.794 
.719 
.794 
.767 
.^0 
.790 
.750 
.712 
.797 
.811 
.794 
.820 
.800 
.682 
.598 
.912 
.802 
.712 
.850 
.767 
.790 
.732 
.71»7 
.719 
.829 
.525 


.876 
.809 
.853 
.843 
.772 
.73<< 
.772 
.836 
.878 
.936 
.807 
.719 
.807 
.7.50 
.712 
.807 
.732 
.622 
.794 
.777 
.750 
.8*5 
.7t«8 
.805 
.805 
.829 
.744 
.750 
.756 
.671 


779  !  .785 


.525 
.800 
.655 
.635 
.730 
.703 
.768 
1.0(K) 
.582 
.634 
.598 
.500 
.334 
.377 
.659 
.721 

.659 
.623 
.622 
.655 
.836 
.788 
.685 
.698 
.797 
.719 
.582 
.746 
.682 
.  596 


.  598 
.712 
.712 
.721 
.782 
.726 
.634 
l.OOO 
.659 
.598 
.  622 
.25.1 
..'>82 
.418 
.622 
.634 
.754 
.682 
.692 

.6:m 

.794 
.829 
.  754 
.712 
.719 
.821 
.805 
.694 
.721 
.6.10 
.634 


B 

Ok 


.761 


.853 
.786 

.829 ; 

.820  ' 

.628  1 

.817 

.5.0 

.822 

.786 

.861 

.792 

.782 

.794 

.698 

.710 

.830 

.794 

.721 

.788 

.843 

.703 

.772 

.772 

.756 

.851) 

.698 

.645 

.8-20 

.732 

.635 


.702 
.782 
.893 
.702 
.655 
.8«»7 
.712 
.475 
.582 
.682 
.5-25 
.4fO 
1.000 
.553 
.702 
.610 
.721 
.475 
.582 
.675 
.644 
.705 
.598 

.79? 
.792 
.756 
.89.J 
.692 
.596 
.702 


.661     .683  I  .683 


.854 
.843 

.867 
.8(M 
.TJl 
.788 
.700 

.848 
.862 
.783 
.7;J8 
.799 
.753 
.736 
.  cO? 
.775 
.675 
.727 
.844 
.752 
.763 
.807 
.776 
.815 
.753 
.729 
.76:} 
.772 
.610 


.775 


.  606 
.765 
.75.3 
.686 
.722 
.745 
.705 
.825 
.608 

.6:i8 

.582 
.411 
.639 
.449 
.661 
.655 
.691 
.605 
.632 
.644 
.698 
.790 
.713 
.694 
.738 
.804 
.760 
.722 
.720 
.646 
.644 


.676 


WIND. 


Direction. 
From  whenee. 


a 


s 

svv.... 

NE  ... 
N\V.. 
SW.... 

■^    •  •  •  • 

NE  ... 

S 

s 

8 

s  w.. . . 

N 

NW  .. 
SW... 

w .... 

svv... 

N 

8W  .  . 
SW.... 
NE  ... 
W  .... 
?>  w.. . . 

s 

8 

W.... 

s 

w  .... 
8W.... 
W  . . . . 


8W.... 
W^  . . . . 

Tl    .  . .  . 

8  •  . . . . 
W.... 
W.... 

N 

W.... 
W  . . . . 
NE  ... 

8 

NE. . . . 
E 

8 

8 

W.... 
NE  ... 
NE.... 
8W... 
8W  .  . 
8W.  . 
8 .  . .  • . 
NW  .  . 
W  . . . . 
Ci  . . . . . 
8.  . . . . 

8 

E 

SW.... 
W  .... 
8 


.a 


8  . . . . . 
8  W^. . . . 
NE  ..*. 
NW.  .. 
W  ... 
NW... 
E  . . . . . 

S 

8. 

8 

SE... 
NW  .. 
W  .... 
W  .... 
SW.... 
w .... 
SW.... 

N 

8W... 
8 .  . . . . 

N 

8W... . 
8  • .  •  • . 

8 

8 

W  .... 

O     -  •  •  .  . 

w.... 

8 .  . . . . 
W  .... 


a 


8 

2 

W.... 

12 

8 

2 

NW  . 

35 

W  .... 

12 

NW... 

E 

8 

8 

12 

S 

SE... 

NW  .. 

W.... 

W  .... 

W  .... 

12 

w   ... 

35 

SW.... 

s 

SW.... 

SW.... 

N 

IV  .... 

8 

8 

4i 

W.... 

\»  .... 

s 

w  .... 

2 

8    .... 

2 

iV  .... 

25 

Telocity,  in 
miles,  per 
hoar. 


a 


a 

a 


25 

25 

12 

25 

25 

2 

12 

12 

4 

12 

4 

25 

12 

25 

2 

25 

12 

4 

4 

12 

2 

2 

2 

4 

12 

2 
o 

o 

aw 

4 

25 


a 

Oi 


35 

35 

35 

12 

4' 

2 

4 

25 

4 

4 

4 

35 

25 

35 

12 

12 

25 

2 

4 

12 

2 

2 

2 

2 

25 

4 

2 

2 

25 

25 


....i  ---! 

2 

1 

8W... 

8W... 

4 

W... 

W.... 

2 

4 

w .... 

W.... 

4 

2 

8 

8  .  .... 

2 

2 

W.... 

W.... 

4 

4 

W^ .... 

W.... 

12 

25 

N 

w .... 

35 

25 

W  .... 

w^  .... 

25 

4 

8W... 

w.... 

2 

2 

NE.... 

8 

25 

4 

E 

E 

2 

4 

NE.... 

E 

45 

35 

E 

8 

35 

25 

8 

8 

2 

2 

8 

8..... 

4 

2 

W  .... 

W  .... 

2 

4 

NE. . . . 

NE.  .. 

4 

2 

NE. . . . 

NE. . . . 

12 

4 

8W... 

SW    .. 

2 

2 

8 

3W... 

25 

12 

8 

8 

2 

2 

8 

8 

25 

12 

NW.  . 

W.... 

25 

12 

W  .... 

W.... 

2 

12 

E 

B 

12 

2 

8 

SW... 

2 

2 

SW  .  . 

SW... 

2 

12 

E 

E 

4 

2 

SW  .  . 

SW... 

12 

4 

W.... 

W  .... 

12 

12 

8 

8 

2 

2 

•  ■  *  • 

4 
4 

12 

2 

25 

25 

35 

2 

2 

2 

25 

25 

2 

3 

2 

2 

12 

25 

2 

25 

4 

4 

2 

2 

12 
4 
2 
4 

2 
4 

4 


II 

•3a 

S  a 


2X1 

22.3 

9.0 

21.0 

12.7 

2.3 

6.3 

13.7 

6.7 

6.7 

3.0 

21.0 

13.3 

•20.7 

5.7 

24.0 

13.7 

2.0 

3.3 

8.7 

2.3 

1.3 

2.0 

3.3 

10.0 

.3.3 

2.  ( 

2,0 

10.3 

2.).  0 


6.  1 


3.3 
:13 
6. 
2. 

11 

20. 

2a  3 

10. 3 
2.0 
9.0 
9.7 

33.0 

23.3 
2.0 
2.7 
2.7 
6.0 

13.7 
2.0 

19.7 
2.7 

13. 

13. 
5. 
8. 
2. 
5. 

a3 

6.0 
9.3 
2.7 


0.8 


a 
o 

I 


South  . . 
8. 67  W. 
8.21  E 
N.45W. 
8. 77  W. 
N.24  W. 
N.82W. 
South . . 
South  . . 
South  . . 
8.  18  E. 
N.42  W. 
N.86  W. 
8.  H8  W. 
N.52  W. 
Went... 
S.  45  W. 
North.. 
8. 45  W. 
8. 26  W. 
N.24  K 
N..'>2  W. 
8.  13  W. 
South  . . 
S.57W. 

WfHt... 

South  . . 
Went  .. 
8.3  W. 
Went . . . 


Amount  of 
clondineiM. 
(Unclear 
sky.) 
(10=»lcy  en- 
tirely over- 

CHtft.) 


8. 45  W. 
West... 
We«t... 
South  .. 
West... 
WeMt... 
N.30  W. 
Went.. 
8. 76  W. 
N.48E 
8. 86  E. 
N.55E. 
S.88E. 
South  . . 
South . . 
West. . . 
N.  45  E. 
N45  E 
8.  45  W. 
8. 37  W. 
8. 10  W 
South  . . 
N.47  W. 
West  .. 

Emit 

8. 24  W. 
8.41  W. 
East  ... 
8.45W. 
West. . . 
South  . . 


N.66  W. 


a 


1 
2 
2 
2 
2 
2 

2 

2 

6 

1 

1 

2 

2 

3 

2 

1 

2 

2 

2 

2 

1 

3 

3 

1 

4 

2 
o 

2 
1 
2 


8.  (W  W.'  2.  I 


1 
3 
1 
1 
2 
1 
5 
3 
8 
2 
1 
4 
2 
1 
2 
2 
1 

2 

o 

5 
1 
5 
2 
2 
2 
1 
5 
1 
1 
1 
1 


2.1 


a 

0) 


1 

5 
I 
2 
1 
2 
2 
2 
1 
3 


2 
I 
2 
2 
1 
2 
I 
1 
3 
2 
2 
1 
1 
2 
3 
3 
2 


1.9 


1 
1 
1 
2 
1 
3 
3 
2 
1 
S 
1 
2 
1 
1 
1 
2 
2 
2 
2 
4 
1 
2 
2 
1 
2 
1 
5 
I 
2 
2 
I 


a 

Oi 


2 

2 

4 

2 

2 

2 

2 

3 

2 

2 

2 

3 

2 

3 

2 

2 

3 

2 

3 

3 

2 

3 

2 

3 

4 

2 
o 


5 
1 


2.5 


2 

2 

2 
0 

4 
4 

3 
3 
1 

2 
2 
4 
1 
1 
1 
1 
3 
2 
3 
4 
4 
2 
I 
2 
4 
3 
2 
2 
3 
2 
2 


1.81  2.4 


S. 


c^a 
< 


COO 

o  — -g 

< 


.14 


.la 
.12 


.62 


1.06 


,20 


52 


38 


1.10 
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Reductions  of  the  monthly  meteorological  register  oftkesurtait} 


TEMPKRATURK— FAHRENHEIT. 

TAPOB. 

Barometer  reduced  to  temperatnre 
of  3-2^  Fahr.,  cxprened  in  United 

States  inches  and  decimals. 

Wet  bulb,  or 

Dry  bulb,  or 

tem- 

Elartidty.inU.i 

Date. 

point  < 

rf 

perature  of   the 

inches  and  ded- 

eTaporation. 

open 

olr. 

• 

S 

a 

i 

maU. 

• 

• 

• 

• 

, 

, 

• 

• 

•  \ 

S 

e 

B 

a 

1 

a 

a 

a 

a 

a 

a 

• 

§ 

a 

B 

s 

E 

6 

d 

d 

• 

d 

a 

• 

a. 

d 

• 

• 

a 

d 

« 

d 

I* 

« 

o> 

s 

o 

o 

O 

0 

o 

o 

s 

o 

o 

t» 

e* 

0 

s 

1867. 

o 

March    I 

29.573 

29.343 

29.129 

29.348 

32 

46 

45 

35 

50 

48 

44.3 

53 

35 

.142^.  258'.  960.  aol 

2 

29.129 
29.911 

29.440 
29.803 

29.666 

29.285 
29.771 

42 

16 

20 
19 

•  •  •  • 

20 

44 

17 

21 
20 

ii' 

32.5 
19.3 

.241 .096 161 

3 

51 

5 

,O78.O92.O9fi^088 
.123.  142-.  112. 1» 

4 

29.507 

29.639 

29.822 

29.656 

25 

28 

23 

26 

29 

24 

26.3 

:a 

8 

5 

29.954 

30.015 

30.135 

3a  035 

25 

32 

22 

27 

34 

23 

28.0 

40 

13 

.112. 155.107|.125 

6 

30.  19.1 

3i).  1 15 

30.009 

30.106 

19 

31 

28 

20 

34 

29 

27.7 

36 

8 

.  092 .  139 .  142  m 

7 

29.659 

29.642 

30.011 

29.771 

28 

36 

27 

29 

39 

28 

32.0 

41 

15 

.1421.  173. 1J6.W: 

8 

30.239 

K).  196 

30.131 

.30.189 

23 

42 

27 

25 

45 

28 

32.7 

50 

i  10 

.  l«tOL  228 .  13b!.  154 

9 

29.963 

29.944 

29.950 

29.952 

29 

39 

34 

3L 

42 

36 

36.3 

46 

'  14 

.137 

.199.170.1©, 

10 

29.715 

29. 552 

29.347 

29.538 

36 

40 

39 

38 

43 

41 

40.7 

43 

23 

.  186 

,20?,.212.a« 

11 

29.682 

29.830 

29.818 

29.777 

37 

34 

31 

.19 

40 

33 

37.3 

44 

24 

.  194 

.118 

.  151 . 1'A 

12 

29.  621 

29.542 

29.658 

29.607 

30 

35 

32 

32 

39 

33 

34.7 

39 

20 

.144 

.152 

,168.155 

13 

29.65ti 

29.  570 

29.543 

29.590 

31 

37 

28 

33 

40 

31 

34.7 

40 

20 

.151 

.181 

.  U9.1afl 

14 

29  889 

?9.906 

29.944 

29.913 

13 

19 

15 

14 

22 

16 

17.3 

31 

3 

.067 

.069 

.O74.O?0 

15 

30.  136 

30.119 

30.126 

30.  127 

13 

26 

14 

15 

29 

15 

19.7 

29 

-  1 

.056 

.106 

1.071.(W| 

16 

30.073 

29. 853 

29.6^ 

29.852 

19 

30 

24 

20 

31 

25 

25.3 

32 

2 

.  092 .  155 

.  11:l  121 

17 

29.  275 

29.310 

29.479 

29.3.55 

.32 

34 

24 

34 

36 

25 

31.7 

36 

12 

.  I5:>.  17t* 

.1171147 

18 

29.721 

29.757 

29.867 

29.782 

12 

24 

21 

13 

26 

22 

20.3 

29 

I 

.063.106 

.  I(i7l0» 

19 

29.941 

30.  010 

30.057 

30.oorj 

16 

45 

24 

17 

47 

26 

30.0 

50 

3 

.078.273.106 

.I5i, 

80 

30.  LH4 

.30.202 

30.133 

30.173 

25 

36 

29 

27 

39 

31 

32.3 

45 

6 

.  112.  173 

.137 

.141 

21 

29."  805" 

2!».  872 
29.  824 

29.843 
29.882 

29.858 
29.837 

•  •  •  • 

35 

32 
3.'> 

22 
33 

38 

35 
42 

35 
.35 

35.0 
38.5 

38 
42 

17 
24 

.142 
.113 

.ie 

m 

S2 

.165 

.147; 

23 

29.993 

29.989 

29. 912 

29,965 

29 

35 

34 

31 

40 

.35 

35.3 

44 

18 

.  137 .  139 

.1831153: 

24 

29. 8,)8 

29.654 

29.627 

29.713 

35 

44 

39 

37 

46 

41 

41.3 

47 

25 

.178.262 

.212I8IT, 

25 

29.782 

29.887 

29.989 

29.886 

37 

34 

31 

39 

37 

29 

35.0 

42 

18 

.  im .  157 

.m 

26 

30.007 

29.991 

29.821 

29.940 

25 

31 

26 

26 

32 

28 

28.7 

34 

13 

.  123!.  162 

.117 

-134 

27 

29.  521 

29.  431 

29.461 

29.47i 

26 

30 

27 

28 

32 

28 

29.3 

:ft» 

15 

.111.  144 

.13^ 

.!» 

28 

2i».516 

29.530 

29.523 

29.523 

29 

ai 

29 

30 

36 

31 

32.3 

36 

16 

.  149 .  149 

.137 

.144 

29 

29. 586 

29.420 

29.  448 

29.485 

28 

37 

31 

30 

40 

m 

34.3 

40 

13 

. 1»jL 181 

.151 

AH\ 

30 

29.460 

29. 362 

29.382 

29.401 

33 

40 

37 

36 

43 

39 

39.3 

43 

21 

.  I49L  208 

.194 

.m 

31 

29. 370 

29.483 

29.392 

29.415 

37 
27.2 

50 
34.0 

40 
28.5 

40 
29.0 

54 

36.9 

43 
30.4 

45.7 

56 
56 

26 
-  1 

.I81L3O8 
.133.166 

.908 

i 

Meani 

29.764 

29.749 

29.755 

29.752 

32.2 

.144.15ft 

1      J 

April      1 

28.990 

29.113 

29.212 

29.105 

41 

36 

36 

44 

39 

39 

40.7 

48 

28 

.218 

.173 

.173 

.188 

2 

29.370 

29.506 

29.528 

29.468 

37 

42 

35 

40 

45 

37 

40.7 

45 

27 

.181 

.228 

.IW 

.19^ 

3 

29.992 

29.966 

29.858 

29.939 

32 

41 

34 

35 

45 

37 

39.0 

45 

19 

.  142 

.2*15 

.157 

.16^ 

4 

29.553 

29.401 

29.417 

29.457 

46 

66 

39 

50 

70 

41 

517 

70 

27 

.258.586 

.213 

.3581 

5 

29.200 

29. 244 

29.200 

29.281 

34 

42 

3:^ 

36 

45 

36 

39.0 

45 

26 

.  170;.  238 

L149 

.18i; 

6 

29.451 

29.514 

29.485 

29.483 

30 

42 

34 

32 

46 

38 

38.7 

46 

19 

.  144 .  215 

.144 

.m 

7 

29.501 

29.  623 

29.765 

29.630 

45 

46 

35 

47 

50 

38 

45.0 

51 

27 

.  2rj .  258;.  165 

.» 

8 

29.704 

29.686 

29.852 

29.747 

40 

42 

37 

42 

45 

39 

42.0 

53 

29 

.221 

.228 

.194 

.214^ 

9 

29.997 

29.968 

29.813 

29.926 

34 

41 

33 

37 

44 

35 

38.7 

47 

21 

.157 

.21* 

,168 

.I7»i 

10 

29.660 

29.475 

29.368 

29.501 

33 

36 

35 

36 

38 

37 

37.0 

38 

20 

.149 

.  186 

.178 

.ml 

11 

29.520 

29.609 

29.605 

29.578 

33 

39 

34 

36 

44 

38 

39.3 

43 

23 

.149 

.  ITJ 

.144 

.153^ 

12 

29.610 

29.  575 

29.478 

29.554 

35 

49 

42 

45 

55 

48 

47.7 

60 

21 

.  139!.  269 

.189 

.189! 

13 

29.727 

29.827 

29.890 

29.815 

33 

38 

35 

37 

41 

36 

3ao 

48 

25 

. 136 .  190 

.191 

.17* 

14 

29.865 

29.785 

29.760 

29.803 

44 

51 

54 

49 

57 

59 

55.0 

62 

22 

.223.295 

.351 

.sw 

15 

29.602 

29.501 

29.487 

29.5.30 

53 

62 

57 

58 

79 

60 

62.7 

70 

45 

.3361.449 

.426 

M 

16 

29.417 

29.  328 

29.341 

29. 362 

53 

49 

44 

56 

S2 

47 

51.7 

69 

35 

.363 

.308 

.249 

,30T 

17 

29.582 

29.667 

29.728 

29.659 

40 

49 

43 

43 

56 

48 

49.0 

56 

30 

.2»>8 

.255 

.212 

.9» 

18 

30.046 

30.025 

29.994 

30.022 

36 

40 

36 

41 

48 

42 

43.7 

51 

28 

.147 

.  143 

.134 

.141 

19 

29.964 

29.845 

29.682 

29.830 

40 

44 

40 

42 

49 

43 

44.7 

52 

22 

.221 

•  •23:! 

.2ar^ 

.tl7 

20 

29.  574 

29.285 

29.318 

29.392 

46 

60 

48 

46 

65 

52 

54.3 

70 

30 

.311.451 

.28^ 

.348 

21 

29.481 

29.473 

29. 474 

29.476 

42 

45 

42 

47 

50 

46 

47.7 

52 

S3 

.202.234 

.215 

.9171 

22 

29.  349 

29.127 

29.505 

29.327 

27 

48 

36 

29 

49 

38 

3a7 

50 

?6 

.124 

..322 

.186 

.211 

23 

29.738 

29.837 

29.904 

29.826 

31 

35 

35 

33 

41 

38 

37.3 

41 

22 

.151 

.126 

.165 

.147 

24 

29.9:r7 

29.838 

29.808 

29.  861 

33 

36 

34 

37 

37 

37 

37.0 

39 

22 

.i;)6 

.199 

.157 

.164, 

25 

29. 957 

29.890 

29.832 

29.893 

34 

42 

40 

37 

47 

43 

42L3 

50 

22 

.157 

209 

.2» 

.188 

26 

29.855 

29.604 

29.488 

29.649 

43 

55 

50 

49 

65 

52 

55.3 

65 

:m 

.199 

.300 

.334 

.278 

27 

29.522 

29  808 

29.941 

29.757 

37 

33 

31 

39 

37 

%I 

36.0 

52 

22 

.194 

.136 

.162 

.164 

28 

29.996 

29.946 

29.858 

29.933 

32 

35 

34 

38 

41 

37 

38.7 

43 

16 

.103 

.126 

.157 

.123 

29 

29.754 

29.671 

29.583 

29.669 

37 

47 

46 

42 

51 

50 

47.7 

53 

22 

.155 

.SM 

.358 

.sse 

30 

29.  523 

29.  504 

29.433 

29.487 

50 
38.4 

56 
44.9 

52 
.39.5 

54 

41.7 

61 
49.4 

54 
42.6 

56.3 

62 
70 

38 
16 

.308.383 

.3S2 
.210 

.351 

Means 

29.644 

29.621 

29.620 

29.628 

44.6 

.196 

.252 

.21s 
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the  northern  and  northwestern  lakes  at  Charlotte,  New  York, 


VAPOR. 


Hnmidity. 
8ataraUon  =  1,000. 


754 

829 

791 

872 

876 

890 

738 

850 

864 

860 

850 

797 

823 

829 

791 

797 

829 

784 

791 

855 

855 

721 

,730 

754 

,880 

,794 

,850 

,855 

,791 

,791 

746 


814 


.750 
.775 
.811 
.788 
.896 
.782 
.768 
.791 

.rj8 

.797 
.791 
.705 
.836 
.9(3 
.864 
.557 
.628 
.768 
.775 
.754 
.880 
.782 
.872 
.705 
.860 

.sm 

.797 


B 

a. 


775 
734 

800 
820 
792 
782 
622 
746 
794 
896 
782 
845 
671 
845 
659 
721 
659 
6IU 
823 
860 
8e3 
746 
761 
775 
880 
,768 
860 
855 
816 
864 
550 


S 

ex 


.730 
.797 
.797 
.775 
.890 
.883 
.730 
.860 
.634 
.872 
.864 
.823 
.829 
.797 
.791 
.730 
.840 
.784 
.816 
.845 
.855 
.8.'55 
.768 
.761 
.890 
.864 
.860 
.834 
.791 
.791 
.792 


.775     .811 


.636 
.775 
.712 
.820 
.896 
.744 
.867 
.512 
.8U2 
.804 
.782 
.aT6 
.767 
.811 
.876 
.557 
1.000 
.762 
.761  , 
.794 
.890 
.768 
.705 
.6!>8 
.SKJ 
.619 
.797 
.515 


.775 
.800 
.860 
.800 
.887 
.876 
.893 
.836 
.761 
.816 
.794 
.807 
.767 
.890 
.876 
.811 
.698 
.  f  95 
.845 
.872 
.887 
.85.'5 
.792 
.761 
.850 
.794 
.872 
.587 


i 


.753 
.793 
.796 
.822 
.853 
.  852 
.697 
.819 
.764 
.876 
.832 
.822 
.774 
.821 
.747 
.749 
.743 
.726 
.810 
.853 
.864 
.774 
.753 
.763 
.883 
.809 
.a'>7 
.848 
.799 
.815 
.696 


WIND. 


.800 


.720 
.783 
.794 
.803 
.993 
.801 
.843 
.714 
.767 
.  806 
.789 
.7KJ 
.790 
.868 
.872 
.642 
.775 
.808 
.794 
.807 
.886 
.802 
.790 
.721 
.864 
.754 
.846 
.633 


Direction. 
From  whence. 


S 

4 


8W  . 
8  .... 
8  .... 
S  .... 
8E... 
NW. 
W... 
N  .... 
W.NW 
8\V  - 
W  ... 
W... 
E  . . . . 
N... 
N.... 
8  .... 
N... 
NW. 
W... 
8  .... 

E 

W  ... 
W.NW 
W.NW 
8    ... 
8W  . 
W  ... 
w ... 

w... 
w... 

8  .... 


ex 


W... 

8  .... 
8  .... 
8  .... 
SE... 
W... 
W.NW 
W  ... 

w... 

8W  . 

w 
w.sw 

E.  NE. 
N.  NB. 

N 

S 

N 

NW.  . 
8W  . 

E 

E 

W.... 
W.NW 
W.NW 

E 

8W  .  . 
W.... 
W.8W 
W.... 
iV  .... 
8W. 


ex 


8 

8 

8 

8  ..... 
8r!i.  •  •  • 
W^  .  • . . 

N 

iV  .... 
8W  .  . 
8W  .  . 
W.... 
W.8W 
B.NE. 

N 

8  ..I.. 

8 

N 

NW.  . 
8W  .  . 

E 

NW.  . 
W.... 

N 

W.... 

E 

RW... 
W.... 
W.8W 
W.... 
W.... 
8.8W. 


W... 
E.... 
W  ... 

w... 

E.... 
W... 

8  .... 
8  .... 
8.8E 
NW. 
8  .... 

o    .  .  •  • 

8  .... 
SW  . 
NE  .. 
8.8B. 
W  ... 
8E... 

N 

E  • . . . 
E... 
W... 
8E... 
NW  . 
NW. 
8  .... 
W  ... 
8 


W 

NE.. . . 
W.... 
8E.... 
NE  ... 
W.... 

8 

8  . . . . . 
8W  .  . 
NW.  . 
8 

o   •   .  .  .  . 

8 

N.NW 
NE  ... 
8.SE. . 
rf  . •• . 

E 

N 

£i  ..... 

E 

NW.  . 
'  SE..-. 
N.NW. 
NE  ... 
NW.  . 
NE  ... 
8 


W  .. 

NB  . 
W.. 
NE  . 
W.. 

W.. 

8  ... 

8.... 

8W. 

W.. 

8  ... 

8  ... 

8  ... 

NE  . 

NE  . 

W  .. 

NW 

N... 

N... 

B  ... 

E.. 

W... 

SE.. 

N... 

NE  . 

NW. 

8E.. 

8  ... 


Velocity,  In 
milM  per 
hour. 


B 

d 


4 
4 

2 

2 
12 

4 

25 
25 

4 
12 

4 
25 
35 
12 
12 
12 
35 
35 
35 

2 
25 
12 
25 
12 

4 
25 
45 
35 
45 

4 

4 


35 

12 

4 

4 

4 

2 

12 

2 

2 

45 

25 

12 

12 

2 

35 

60 

25 

2 

12 

45 

25 

25 

25 

35 

2 

2 

4 

25 


.789  .764  .820  .791 


B 

ex 


4 

2 

2 

2 

12 

25 

25 

25 

4 

2 

4 

4 

25 

12 

12 

4 

35 

25 

4 

12 

4 

12 
25 
12 
4 
25 
25 
45 
35 
2 
12 


25 
25 
12 
12 
4 
4 

12 
2 
4 

25 

12 

2 

4 

12 

25 

25 

35 

4 

12 
12 
45 
25 
25 
35 
25 
25 
25 
2 


ex 


12 

O 

s 

2 
4 
4 

25 
4 
4 
4 
4 
2 
4 

12 
4 

12 

35 

25 

4 

45 

12 

2 

12 

2 

35 

12 

35 

45 

45 

2 

12 


S 

60 

25 

25 

4 

2 

2 

2 

25 

12 

35 

2 

12 

12 

4 

25 

12 

4 

25 

25 

25 

4 

4 

25 
2 
4 
2 
4 


©.a 

►  a 
c  » 

sB 


5.3 

2.7 

2.0 

2.0 

9.3 

10.71 

20.0 

13.0 

a7j 

6.01 

4.o; 

10.3 

21.  0, 

12.01 

6.71 

9.3! 

35.  0| 

28.  .3 

13.7: 

19.0 

7.3 

8.7 

18.7 

8.7 

ia3 

20.7 
.35.01 
41.01 
41.7 
2.7, 
9.0 


20. 

31.3 

1.3.  7 

8.0 

1.3 

2.7 

8.7, 

2.0 

10.  o' 

26.3 

24. 0 

5.3 

9,3 

6.3 

21.3 

26.3 

23.  0 

2.01 

16.3 

13.7 

31.7, 

16.7' 

18.3 

30.3 

9.o! 

9.3 

7.3 

10.3 


a 
o 
-a 

o 

t 

I 

m 
» 

{A 


8.25W. 

8outh.  . 

8oath. . 

8outh . 

8.  45  B  , 

N.85W. 

N.54W. 

N.49W. 

8.  83  W. 

8.45W. 

Went... 

8.86W. 

N.79E 

N.7E.. 

North  . . 

South.  . 

North  . . 

N.45W. 

8.82W. 

8.88E 

N.67E 

West... 

N.56W. 

N.69W. 

8.84E 

8.45W. 

WcHt. . 

8.74W. 

Went... 

West.. 

8. 29  W 


Amount  of 
cloudinpiw. 
(0  =  clear 

uky.) 
(IO=Mky  en- 
tirely over- 

CMUX.) 


10 

10 

1 

10 

10 

10 

10 

9 

10 

10 

8 

10 

10 

10 

10 

10 

10 

8 

3 

8 

10 

10 

10 

10 

10 

10 

10 

10 

9 

8 

10 


Went... 
N.50E. 
Wegt  .. 
N.68E. 
N.45E 
Wet«t... 
South.  . 
South   . 
8.  41  W. 
N.  51 W. 
South    . 
South. . 
South   . 
N.7E 
N.45E 
8.  5E.. 
N.  83  W. 
N.  64E 
North    . 
Bant  . . . 
BaMt  . . 
N.69  W. 
8.45  B 
N.25W. 
N.41K 
N.  48  W 
N.43  E. 
South.  . 


1.0   N.IW 


5 

10 

10 

3 

10 

3 

3 

0 

10 

10 

10 

10 

10 

10 

10 

10 

8 

8 

10 

10 

10 

10 

10 

7 

10 

4 

4 

8 


B 


10 
10 

1 

9 
10 
10 
10 

7 
10 
10 
10 
10 
10 
10 

9 
10 
10 

9 

8 
10 
10 
10 
10 
10 
10 
10 
10 
10 

9 
10 

8 


6.6    N.77W.|9.2   9.4 


8.0 


10 

10 

10 

10 

10 

10 

1 

5 

10 

4 

9 

10 

10 

10 

10 

2 

8 

10 

10 

5 

10 

5 

10 

10 

4 

2 

0 

10 


.a- 

_-  V 

§•« 

SB 

K 

*  o 

goo  « 

§  ."a 


0 
0 
0 
0 
10 
10 
10 
0 
10 
10 
10 
10 
10 
10 
5 
10 
10 
10 
8 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


a2 


0 
10 
10 
10 
10 
10 

0 
10 

10 

8 
10 

9 
10 

5 

4 
10 

6 

8 
10 
10 
10. 

0 
10 

8 

0 

0 

0 
10 


7.  7  |7. 1 


'^• 


.81 
.30 


.02 
.01 


.01 
.05 


.19 
.10 
.06 


.SO 
.04 
.03 


.23 
.02 
.43 
.03 
.13 


2.63 


.79 
.03 
.30 
.03 


.04 
.73 
.03 


29 


03 


17 
07 
51 
04 
09 


3.13 


{ 
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Reductions  of  the  monthly  meteorological  register  of  the  swneii  tf 


Date. 


1867. 

May       1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

81 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

Means 


June 


1 
2 
3 
4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

3J2 

23 
24 
S5 
26 
27 
88 
29 
30 


Baromtter  reduced  to  temperature 
oflVi^  Fithr.,  expressed  in  United 
Slates  inches  aud  decimals 


E 

S 

d 

• 

r* 

e* 

29.254 

29. 254 

'-».6ei5 

29. 8.><) 

30.151 

30.182 

30.011 

29.  787 

29.565 

29.  539 

29.661 

29.616 

29.576 

29.554 

29.394 

29.284 

29.  192 

29.  254 

29.  481 

29.433 

29.  572 

29.600 

29.8-28 

29.795 

29.  761 

29.508 

29. 228 

29. 285 

29.228 

29. 215 

29.  44.} 

29.517 

29.  623 

29.  .577 

29.848 

29. 8.M 

i».844 

2i».  777 

29. 7(19 

29.655 

29.548 

29.363 

29.218 

29. 119 

29.221 

29.978 

29.613 

29.651 

29.662 

29.466 

29.519 

29.555 

29.828 

29.851 

29.821 

29.  68:J 

29.598 

29.555 

29.652 

29.629 

29.811 

29. 827 

29. 598  29.  587 


29.854 
29.484 
29.536 
29.  529 
29.774 
29.555 
29.661 
29.782 
29.837 
30.107 
29.874 
29.  699 
29.  751 
29.816 
29.620 
29.  652 
29.  805 
29.668 
29.985 
29.917 
29.977 
29.867 
29.811 
29.693 
29.608 
29.  696 
29.672 
29.691 
29.873 
29.  467 


29.721 

29.388 
29.263 
29.  ."VSS 
29.751 
2i).6l2 
29.652 
29.  780 
29.  813 
29.894 
29.  797 
29.  672 
29.  753 
29.694 
29.674 
29.  675 
29.711 
29.70C) 
29.  881 
29.911 
2i».  873 
29.  797 
29. 722 


29.623 
29.  699 
29.467 
29.809 
29.755 
29.351 


a 


29.424 

29.983 

30.062 

29.661 

29.  f>45 

29.581 

29.336 

29.  165 

29.304 

2i)  523 

29.673 

29.  758 

29.276 

29.253 

29.  329 

29.518 

29.711 

29.808 

29.728 

29.624 

29.  278 

29.196 


29.678 
29.422 
29.633 
29. 801 
29.576 
29.597 
29.647 
29.  819 


29.567 


29.615 
29.268 
29.299 
29.  .'i84 
29.714 
29.  572 
29. 747 
29.787 
29.786 
29.  8.15 
29.  708 
29.668 
29.  746 
29. 647 
29.590 
29.743 
29.  634 
29.  694 
29.877 
29.850 
29.845 
29.765 
29.651 


29.625 
29.660 
29. 472 
29.830 
2JK646 
29.462 


a 


Means. 


29.732 


29.689 


29.666 


29.311 

29.  839 

30.132 

29.820 

29.583 

29.619 

29.489 

29.281 

29.250 

29.479 

29.  615 

29.794 

29.515 

29.255 

29. 257 

29.493 

29.  6.37 

29.830 

29.783 

29.663 

29.396 

29.178 

29.  600 

29.647 

29. 517 

29.569 

29.827 

29.693 

29.583 

29.643 

29.819 


TEM  PXRATU  RC— F  A  HREN  H  KIT. 


Wt't  bulb,  or 

poinl  of 
evaporHtion. 


Dry  bulb,  or  tem- 
perature of  the 
open  air. 


29.  .584 


29.730 
29.380 
29.266 
29.555 
29.746 
29.580 
29.687 
29.783 
29.812 
29.945 
29.973 
29.  680 
29.750 
29.  719 
29.628 
29.690 
29.717 
29.687 
29.914 
29.893 
29.898 
29.810 
29.728 
29.693 
29.619 
29.685 
29.  537 
29.777 
29.758 
29.427 


S 
d 


44 

31 

30 

.38 

49 

48 

42 

41 

41 

43 

39 

43 

45 

50 

45 

46 

46 

44 

47 

42 

43 

49 

44 

45 

52 

43 

47 

47 

48 

52 

43 


6 

a. 


40 
34 
35 
49 


S 

d 


38 
28 
32 
46 


e 


s 

a. 


59  54 

48  44 
43  I  42 
41  ,  41 
43  1  43 

49  48 

50  I  47 
49  49 


44.1 


49 
60 
64 
58 
55 
65 
62 
51 
58 
57 
56 
59 
63 
65 
67 
70 
60 
71 
58 
60 
58 
58 
68 
67 
64 
63 
71 
63 
55 
69 


29.696 


61.5 


48 
41 
48 
48 
50 
47 
50 

46  1 

53 

46 

50 

60 

52 

51 

46 

55 

57 

58 


43 
47 
42 
48 
47 
47 
49 
44 
49 
47 

>  •  •  « 

49 
56 
47 
47 
45 
58 
52 
51 


46  46 
34  j  40 
32  I  39 
43  {  56 
53  !  63 
51  49 
45  46 


43 

!  42 

46 

46 

47 

57 

43 

35 

48 

57 

47 

52 

52 

57 

48 

53 

50 

56 

50 

56 

48 

57 

5.3 

56 

44 

52 

48 

50 

52 

56 

47 

48 

a. 


58  70 


44 

52 
51 
52 
57 
47 


57 
56 
49 
57 
63 
63 


49. 5  44.  5  47. 8  53.  6 


59 
63 
63 
66 
64 
70 
69 
54 
62 
61 
70 
70 
(H 
70 
76 
70 
77 
66 
64 
62 
65 
73 
70 


50 
63 
58 
62 
(i2 
71 
56 
56 
64 


53  66 
65  I  67 
68  I  69 
63  73 


61 
72 
68 
57 
63 


56  t  63 
65  67 


66 
71 
68 
61 
64 
81 


67 
63 
74 
70 
66 
75 
56 
6:3 
58 
59 
67 
65 


68 
68 
70 
59 


62 
69 
71 
73 
77 
64 
75 
64 
66 
63 
68 
73 
74 
67 
68 
77 
69 


69 
79 
75 
59 
72 
68 
82 
76 
73 
78 
84 
76 
84 
74 
12 
69 
71 
78 
78 


41 
31 
35 
51 
57 
47 
45 
42 
46 
50 
50 
52 
45 
50 
44 
52 
51 
52 
52 
46 
52 
48 

>  •  •  • 

52 
61 
50 
51 
49 
60 
56 
55 


49.1 


68  I  61 


72 
81 
77 
68 
74 


71  ;  79  89 


64.6  61.5  67.774.2 


53 
67 
63 
65 
65 
77 
60 
60 
68 
60 
71 
71 
68 
78 
74 
69 
74 

% 

62 
63 
72 
70 


72 
74 
77 
62 
68 
77 


Q 


44.3 

35.0 

35.3 

50.0 

57.7 

49.0 

45.3 

42.3 

46.0 

51.3 

49.3 

52.3 

48.0 

53.0 

48.3 

52.7 

52.3 

52.3 

5.^7 

47.3 

50.0 

52.0 

47.5 

52.7 

63.0 

50.3 

53.0 

49.7 

56.3 

58.7 

55.0 


55 

41 

46 

56 

46 

57 

51 

46 

46 

60 

57 

58 

52 

55 

56 

56 

58 

58 

56 

55 

56 

57 


50.1 


57.3 
66.  3 
66.7 
67.0 
65.0 
7a  0 
67.7 
58,7 
67.7 
63.7 
73.3 
69.7 
70.0 
75.7 
77.0 
74.0 
75.7 
70.0 
67.7 
65.7 
65.7 
72.7 
73.7 
74.0 
70.3 
74.3 
77.0 
66.3 
67.7 
81.7 


59 
69 
61 
58 
53 
63 
65 
63 


69 


68.0  69.9 


68 
.67 
71 
73 
72 
86 
77 
61 
72 
70 
83 
77 
76 
85 
84 
80 
85 
79 
78 

n 

72 
80 
80 


J     s 
3 


TAPOB. 


Elastldty.lnU.S.! 
inches  «&d  deci- 
mals. 


3   I    S 

J   j    d  I   a.     t 


30 

21 

13 

21 

37 

37 

33 

30 

31 

31 

28 

59 

32 

35 

33 

33 

36 

33 

30 

32 

29 

37 


33 
38 
39 
30 
34 
38 
40 
36 


262.169 
139.118 
144.  l.W 
164 .  255 
295 .  447 
296.322 
228.238 
231 .  244 
192.238 
225 .  242 
186.295 
212.269 

.  2rj .  2821 
334 .  179! 
260.2fl9| 
258 . 2.i0| 
2.')e.3e2|. 
236.191. 
344.282. 

.241.282. 

.212. 2.*. 

.  308 .  363 . 

.  249 .  281 

.234.282. 

.309.385. 

.264.322. 

.  257 .  »T8 . 

.270.271. 

.282.407. 

.322.386. 
225.416. 


13 


.i9r».2.i': 

.119.125 
.  142.146 
.245.221 

.378.:a 

.249. -J®! 
.228.2311 
.244.24(11 
.238.2flj 
.309.239! 
j.283.2Ji 
..308.3511 

1. 2.'»i .  ess 

L3e3.:?ff> 
.241. -.57 

.270.270 
.257.2W 
.308.278 

.2e2.asi 

.3Ue.255» 
.31U.J27 

...l^BS. 
3(18. 275 

27W.27& 

24T.aa 

45t>.3@ 
335. 3«| 
321.:fil, 


245.280.277.367 


82 

81 
84 
76 
74 
89 


50 

45 

42 

57 

44 

44 

45 

40 

47 

52 

53 

49 

54 

59 

51 

50 

40 

45 

48 

49 

55 


37   .295.407. 
43   .451.522. 

.  543 .  495 

.416. 545. 

.354.529. 

.  424!.  612 . 

.  476 . 6-28 

.  295 .  351 
416.422 
386.443 

.  303 .  57i 

.  460 .  652;. 
495 .  455 . 
537.625. 
.■481  .  789 . 
639.6521 

.  465 .  832l. 
704.532 
403.489 
438.462 
416.5.37 
350 .  744 

.  618 .  625 
566).... 
55ti|.559. 
509 .  624 

.  678'.  564 . 

.  495;.  4431 

.  354  .  463! 
574!.  948; 


52 
56 
59 
52 
41 
56 


89     37 


321.341! 
552  43^ 

416.4^ 

5lfi.49Si 

516. 4<i 

fi78.57ji 

396. .W 
396.3471 
543.481 
396.4* 
537.472 
6ii!f.JJ3 
5i9.4Jf6 
785. 6i* 
679. «ll 

814.  T'X 
383.  Mtt 
522.47l| 
429.441 
447.4«>7 
595.50 
550. 5»1 

...:.5« 

631  .■«; 

604.575^ 

6».e5i 
46a.4e6| 

509. 4<2 

678-7331 


473. 507!.  541. 5« 
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the  northern  and  northwestern  lakes  at  Charlotte^  New  York. 


VAPOR. 


Hnmidlty. 
Saturation  =  1,000. 


• 

9 

• 

a 

• 

S' 

ea 

• 

• 

t- 

c* 

Oi 

.696 

.716 

.777 

.836 

.  856 

.834 

.851) 

.855 

.876 

.887 

.868 

.761 

.792 

.864 

.e5<» 

.712 

.887 

.887 

.726 

.883 

.746 

.762 

.883 

.788 

.744 

.8»>2 

.811 

.750 

.821 

.816 

.476 

.800 

.794 

.636 

.893 

.800 

.732 

.685 

.816 

..•i84 

.829 

.648 

.665 

.823 

.850 

.893 

.872 

.792 

.802 

.872 

.810 

.754 

.864 

.834 

.847 

.754 

.761 

.726 
.698 

.788 

.719 

.420 

.797 

.788 

.557 

.898 

.807 

.843 

.824 

.816 

.712 

.876 

.896 

.768 

.768 

.794 

.mi 

.890 

.705 

.788 

.782 

.732 

.800 

.705 

.750 

.816 

.732 

.738 

.750 

.796 

.TM 

.827 

.756 

.726 

.726 

.732 

.762 

.807 

.698 

.684 

.712 

.716 

.799 

.824 

.802 

.762 

.705 

.794 

.691 

.628 

.847 

.716 

.719 

.829 

.762 

.816 

.712 

.756 

.797 

.705 

.811 

.807 

.705 

.597 

.628 

.557 

.62t) 

.563 

.619 

.738 

.9«X) 

.638 

.634 

.703 

.698 

.613 

.822 

.809 

.794 

.772 

.750 

.569 

.631 

.567 

.426 

.500 

.829 

.638 

.750 

1.000 

.731 

.727 

.624 

.646 

.691 

.775 

.926 

.811 

.800 

.4»8 

.719 

.619 

.903 

.712 

.712 

.624 

.750 

.570 

.487 

.861 

.816 

.619 

.896 

.450 

.4e8 

.712 

.577 

.722 

.716 

.738 

.713 

.867 

.715 

.681 

.742 

§ 


.730 
.846 
.846 
.877 
.806 
.816 
.832 
.797 
.778 
.795 
.697 
.774 
.739 
.743 
.712 
.872 
.822 
.809 
.812 
.758 
.698 
.615 
.748 
.825 
.764 
.847 
.815 
.794 
.771 
.757 
.740 


.783 


.736 
.767 
.698 
.780 
.756 
.704 
.761 
.802 
.755 
.774 
.643 
.580 
.752 
.658 
.711 
.792 
.65f) 
.498 
.739 
.819 
.ti54 
.837 
.669 
.745 
.695 
.640 
.777 
.5.'50 
.672 
.773 


WIND. 


Direction. 
From  whence. 


B 


B  .... 
SW. 
E  .... 
E.  SE 
W.NW 
W  .... 
E  ..... 
W.NW 

E 

E 

NW.  . 

N 

NE  ... 
W.... 
SW.  . 

s 

SE... 
W.8W 

s.sw. 

s 

E 

E 

SE.... 
W.... 

N 

E 

N 

NW  .  . 
SW  .  . 

w.... 


.713 


8.  SE  . 
W.... 
NW  .  - 
SW  .  . 

E 

N.  NW 
W.... 
E.SE. 
W  . . . . 
SW  .  . 
N.  NW 
SW  .  . 

E 

E 

S 

s 

N 

N 

S 

N 

W.... 

N 

NW  .  . 

E 

W.... 

o    •  .  .  . 

W  ... 

B 

SB...  . 
S 


CI 


o£ .... 
NW.  . 

E 

W.NW 
S.SW. 
E  .... 
E.NE. 

N 

E 

E 

NW.  . 

N 

SE.... 
W.... 
SW  .  . 

E 

W  .... 
W  .... 

SW  . . 

E 

B.  SE  . 
E.  NE 
E.  SB. 
SE.... 
W^  . . . . 
N.  ... 
E.NB  . 
W  .... 
NW.  . 
SW  .  . 
SW  .  . 


w.sw 

w  ... 
NW-  . 
SW  .  . 
NW.  . 
SW  .  . 
W.... 
NW .  . 
NE    .. 

E 

W.... 

N 

B 

B 

S 

E 

SW. 
N.... 
E.NE« 
S  SW. 
N.  NW 
N.... 
NW  . 
B.... 
E.... 
S  .... 

w... 

NE  -. 

SE... 
S  .... 


a 


SE. 


B 

8 

SW  .  - 

E 

W.NW 
NE  ... 

E 

E 

S 

N 

W.... 
W.... 
SB.... 

E 

SW  . 

W.SW 

SB.... 

E 

E.NE. 
SB... 
E.  SB 
SB. . . . 
W.... 

s 

NE  ... 
SW  .  . 
NW.  . 
SW  . 
SW  .  . 


w... 

w ... 
NW. 
N.... 

W... 

s .... 

w... 
w... 

9  .  .  .  . 

N.... 
SW  . 
W... 

E...- 
B.... 

S  . . . . 


NW 

W.. 
N... 

NE  . 
N.  NW 
SW  . 
N... 
NW. 
W^  .. 
E... 
S  ... 
w .. 
NE  . 
SE.. 
S... 


Velocity,  in 
mileit,  p«;r 
hour. 


a 

as 


4 

25 

25 

12 
2 
2 

60 
2 
2 

12 
4 

12 
2 

35 

25 
o 

2 

45 

4 

2 


35 
4 
25 
12 
45 
35 
25 
35 
35 
25 


35 
45 

4 
25 

4 
.35 
45 
25 

2 

2 
25 

4 
35 

4 
12 

2 
45 
35 
12 

2 
25 
25 
12 

4 

4 

12 
35 
25 
12 

4 


25 
45 
35 
12 
25 
25 
4 
4 

12 
12 
25 
12 
12 
25 
25 
25 
45 
45 
12 
25 
35 
25 
12 
4 

45 
12 
45 
35 
45 
45 
12 


45 
60 

4 
12 
45 
35 
35 
25 

4 
12 
25 

4 
25 

4 

4 

4 
35 
12 
72 
12 
12 
12 
25 

2 
25 
25 
35 
25 
25 

2 


ex 


12 

25 

2 

4 

35 

12 

4 

2 

25 

2 

12 

45 

35 

2 

45 

35 

12 

2 

25 

45 

2 

2 

12 

45 

2 

45 

35 

4 

12 
2 


<!J    O 
OJ3 

>  ^ 

S  • 

♦«  I— 

o'a 

f  s 


13.3 
17.0 
28.3 

0.7 

9.7 
19.3 
17.7 

2.7 

5.3 
16.3 

9.3 
12.0 
12.0 
31.7 
16.7 
23.3 
24.3 
33.3 

5.3 
16.7 
24.7 
20.0 

5.7 
13.7 
34.0 
'ia3 
39.7 
19.7 
28.0 
3a  7 
12.0 

I  0.5 


45 

45 
4 

12 
4 
2 
2 
4 
2 

12 

35 
4 
2 

25 
4 

45 

45 
2 
4 

12 
2 

12 
2 
4 

12 

12 
o 

25 

25 

2 


29.3 
50.0 

4.0 
10.0 
15.0 
13.0 
27.3 

3.0 

0.3 

5.0 
19.7 

2.3 
,20.7 
ill.O 
I  l».  I 
113.3 
24.0 
16.3 
24.0 

3.3 
12.7 
16.3 
13.0 

0.7 
11. U 
16.3 
24.0 
23.3 
20.7 

2.7 


a 
o 

-9 


a* 
OS 


S.49  E. 
N.74  W. 
East  . . . 
South  . . 
8.29W. 
East  . . . 
N.83E 
N.7B.. 
Ba«t . . . 
Eatit  . . . 
N.48W. 
North  . 
S.78  W. 
Wtut  .. 
S.  43  W. 
8.88  E 
8. 69  W. 
S.  77  W. 
8. 32  W. 
S.88  E. 
N.87E. 
N.82E. 
N.72E. 
8.45  E. 
West... 
North  . . 
N.66E 
N.89  W. 
N.45W. 
S.  45  W. 
S.  74  W. 


Amount  of 
clondineMt. 
(0=clear 
Bky.) 
(10=8ky  en- 
tirely over- 
cast.) 


a 


3 

10 
10 
10 
10 
10 
10 
8 
10 
10 
10 
10 
10 
10 
4 

10 

10 

4 

0 

0 

io 

10 

10 

10 

2 

10 

9 

0 

8 

0 


p. 

S4 


S.72W.!  7.6  8.5 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

8 
10 
10 
10 

4 
10 
10 
10 

0 
10 
10 
10 
10 
10 
10 

8 
10 

1 

3 
10 

0 


8.56W. 
West... 
N.45  W. 
8.  61  W. 
N.45  W. 
N.82W. 
West... 
N.9E.. 
N.45B. 
N.45B. 
8.89  W. 
N.80  W. 
Eaut . . . 
EaMt  .  . 
South  . . 
N.43  W. 
N.74  W. 
North  . . 
N.  75  E 
N.78  W 
N.85W. 
North  . . 
N.45W 
East  . . . 
Bant  .  . . 
South  . 
We«t... 
N.60E 
8.  45E 
South  . . 


4.6i  N.74W. 


10 

6 

0 

6 

10 
o 

10 

10 

0 

10 

3 

0 

2 

8 

10 

10 

2 

0 

10 

7 

7 

10 

10 

10 

7 
o 

mm 

10 
0 
8 

10 


a 

a 


10 
5 
2 

10 
8 

10 
6 

10 
3 

10 
1 
2 
3 


10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

5 

8 

0 

10 

4 

10 

1 

10 

10 

10 

10 

10 

6 

10 

10 

1 

2 

10 

0 


8.0 


10 
0 
3 

10 

10 
0 

10 
0 
0 

10 
0 
0 
6 


10  I  10 


10 

10 

2 

2 

10 

10 

4 

10 

00 

10 

7 

7 

10 


10 
10 


6. 3i  7. 1 


10 

10 
0 
1 
2 
2 
1 

10 
2 

10 
0 
3 
0 


10 


?■« 

C  a 
o  <a 
a 

ea  ■ 
>  it 

£•§ 

O.S 

E^a 


u     . 


B 
0 
O 

a 

< 


Or 

•a 


S9 


4.4 


.12 


.28 
.06 


.02 


.20 
.01 
.20 


.26 
.06 


.40 


.20 


1.81 


.18 
.01 


.60 
.09 


.01 
.02 


.rj 


.08 


.01 
.35 
.33 


.33 
."08 


.10 


2.82 
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Reductions  of  the  monthly  meteorological  register  of  the  swrtey  sf 


TCMPXRATURK— PAHRCNHJOT. 

TAPOB. 

1 

Baromiter  reduced  to  temperature 
of  33^  FHhr.,  exprened  io  United 

1 

1 

8iat«tt  inchen  aud  decimaU 

Wet  bulb,  or 

Dry  bulb,  or  tem- 

Elasticity,in  U.». 

Date. 

poiul 

of 

perature  of  the 

inches  and  deci- 

evaporntion. 

open  air. 

• 

a 

S 

xnals. 

• 

& 

S 

^ 

• 

a 

* 

a 

• 

a 

• 

a 

a 

• 

a 

• 

a 

• 

s 

J  i  s 

S    '    E   1    2      c 

d 

• 

d 

d 

• 
a. 

• 

• 
e 

d. 

• 

C9 
• 

S     s 

r* 

©1 

A 

7{ 

o 

©1 

o 

o 

o 

©♦ 

o 

o 

s 

S   ;  S 

1*    1   et    i  a      S 

1867. 

» 

o 

i                         1 

Bfay       1 

29.254 

29.254 

29.424 

29.311 

44 

40 

38 

46 

46 

41 

44.3 

55 

30 

.262.169.195.227, 

2 

'-».685 

29.8.V) 

29.983 

29.839 

31 

34 

28 

34 

40 

31 

35.0 

41 

21   '.139. 118.  119.  I2i 

3 

3a  151 

30.182 

30.062 

30.132 

30 

35 

32 

32 

39 

35 

35.3 

46  '   13  i.  144.  1.52.  142.146 

4 

30.  UU 

29.787 

29.661 

29.820 

38 

49 

46 

43 

56 

51 

5ao 

5ti  ;  21 

.164.2.55.245.281 

5 

29.565 

29.539 

29.645 

29.583 

49 

59 

54 

53     63 

57 

57.7 

46 

37 

.  295 .  447  .  378 .  .TO 

6 

29.661 

29.616 

29.581 

29.619 

48 

48 

44 

51  ;  49 

47 

49.0 

57 

irr 

.  296 .  322 .  249 .  J® 

7 

29.576 

29.5.VI 

29.336 

29.489 

42 

43 

42 

45 

46 

45 

45.3 

51 

33 

.228.238.228.231 

8 

29.  394 

29.  284 

29.165 

29.281 

41 

41 

41 

43 

42 

42 

42.3 

46 

30   .231  .  244  .  244 .  5H0( 

9 

29.  192 

29.254 

29.304 

29.250 

41 

43 

t  43 

46  !  46 

46 

46.0 

46 

31  :.  192.238.-238.22J 

10 

29.481 

29.  433 

29  523 

29.479 

43 

49 

48 

47 

57 

50 

51.3 

60 

31    .225.  242.  309.239' 

11 

29.  572 

29.600 

29.  673 

29.615 

39 

50 

47 

43 

35 

50 

49.3 

57 

28    .186.  295. 283. '2J5 

12 

29.  828  1  29. 795 

29.758 

29.794 

43 

49 

49 

48  j  57 

52 

52.3 

58 

59  |.212.26l».3U8.dfti 

13 

29.761 

29.508 

29.276 

29.515 

45 

48 

43 

47     52 

45 

48.0 

52  '  32 

.  2r3 .  982 .  251 .  2ffl 

14 

29. 228 

29.285 

29.253 

29.255 

50 

41 

47 

52  i  57 

50 

53.0 

55     35 

.334.  179.  283.  VS5 

15 

29.228 

29.215 

29.  329 

29.257 

45 

48 

42 

48 

.53 

44 

48.3 

56     33 

.260.269.341.^ 
.2.58.230.282.237^ 

16 

29.  44:{ 

29.517 

29.518 

29.493 

46 

48 

48 

50  !  56 

52 

52.7 

56 

33 

17 

29.  623 

29.  .'>77 

29.711 

29.637 

46 

50 

47 

50     56 

51 

52.3 

56 

36 

.258.282.270.270 

18 

29.  848  1  29.  8:M 

29.808 

29.830 

44 

47 

47 

48  1  57 

52 

52.3 

58 

:« 

.236.  19l.257.2aS 

19 

i».844 

29.  777 

29.728 

29. 783 

47 

50 

49 

5.1     56 

52 

53.7 

56 

30 

.244.  282.  .me.  278 

SO 

29.  709 

29.655 

29.624  i  29.663 

42 

48 

44 

44     52 

46  1  47.  3 

55     32 

.241.  282. 262. 3© 

81 

29.548 

29.363 

29.278 

29.396 

43 

46* 

49 

48     50 

52 

50.0 

56  ;  29  1.212. 258. 3Ue. 25^ 

22 

29.218 

29.119 

29.196 

29.178 

49 

53 

47 

52     56 

48 

52.0 

57  1  37    .308.363.310.327 

23 

29. 221   '  29.  978 

29.678 

29.600 
29.647 

44 

45 

46 
50 

w    •    •    • 

49 

47     48 

■  •  •  • 

52 

47.5 
52.7 

.  249 .284  . . .  1. 9M 

24 

29.613 

29.651 

50 

56 

59 

33 

.234.  282. 308. 27S 

25 

29.662 

29.  468 

29.422 

29.517 

52 

60 

56 

58 

70 

61 

63.0 

69 

38 

.309.  385. 383. 3» 

26 

29.  519 

2a  555 

29.633 

29.569 

43 

52 

47 

44     57 

50 

50.3 

61      39 

.264.322.2e3.290j 

27 

29.828 

29. 851 

29.801 

29.827 

47 

51 

47 

52 

56 

51 

53.0 

58     .30 

.257.308.270.2781 

28 

29.  821 

29.68:1 

29.576 

29.693 

47 

46 

45 

51 

49 

49 

49.7 

53     34 

.270.27ll.24:.a6a 

29 

29.598 

29.555 

29.597 

29.583 

48 

55 

58 

52 

57 

60 

56.3 

63     38 

.282.  407. 456. 3«a 

30 

29.652 

29.629 

29.647 

29.643 

52 

57 

52 

57     63 

56 

58.7 

65 

40  ;.  322. 386.335.34^1 

31 

29.811 

29.  827 

29.  819 

29.819 

43 

58 

51 

47  , 

1 

63 

55 

55.0 

63 

36 

.221 

5.416 

5.280 

1 

.321.321 

Means 

29.598 

29.587 

29.567 

29.  .584 

44.1 

49.5 

44.5 

47.8 

53,6 

49.1 

50.1 

69     13 

.24: 

.277.36: 

1 

t 

June      1 

29.854 

• 

29.721 

29.615 

29.730 

49 

59 

50 

53 

66 

53 

57.3 

68 

37 

1 

i 

.295.407 

.331 

.341 

2 

29.484 

29. 388 

29.268 

29.  :teO 

60 

63 

63 

65 

67 

67 

66.3 

.67     43 

.451.522.522  498, 

3 

29.536 

29. 263 

29.299 

29,266 

64 

63 

58 

68 

69 

63 

66.7 

71     50 

.543.495.416.4851 

4 

29.  529 

29.  .'V53 

29.  .'ie4 

29.555 

58 

66 

62 

63 

73 

65 

67.0 

73 

45 

.416.545.  516. 49e 

5 

29.774 

29.751 

29.714 

29.746 

55 

64 

(i2 

61  1  69 

65 

65.0 

72 

42 

.354.529|.516.4« 

6 

29.555 

29.  612 

29. 572 

29.580 

65 

70 

71 

72 

79 

77 

76.0 

66 

57 

.424.6l2!.t>78.57j 

7 

29.661 

29.652 

29. 747 

29.687 

62 

69 

56 

68 

75 

60 

67.7 

77 

44 

.476. 628. 396. 500 

8 

29.782 

29.780 

29.  787 

29.783 

51 

54 

56  ; 

57     59 

60 

58.7 

61 

44 

.295.351    .396.3471 

9 

29. 837 

29.813 

29.  786 

29. 812 

58 

62 

64 

63     72 

68 

67.7 

72 

45 

.416.422.543.4601 

10 

30.  107 

29.894 

29.  8:J5 

29.945 

57 

61 

56 

6:3 

68 

60 

63.7 

70 

40 

.386.443!.  396. 40R| 

11 

29. 874 

29.  797 

29.  708 

29.973 

56 

70 

65 

67 

82 

71 

7a  3 

83 

47    . 

300.57^1.537.474 

12 

29.  699 

29.  672 

29.668 

29.680 

.59 

70 

67 

62 

76 

71 

69.7 

77 

52   . 

460.6.52.  6tfc?.:n:| 

13 

29.  751 

29.  753 

2i».  746 

29.750 

63 

64 

63 

69 

73 

68 

70.0 

76 

53   . 

495. 455. 5 19. 4861 

14 

29.816 

29.694 

29.  647 

29.719 

65 

70 

74 

71 

78 

78 

75.7 

85 

49    . 

537'.  625. 785.  «!• 

15 

29.  620 

21».  674 

29.590 

29.628 

67 

76 

70 

73 

84 

74 

77.0 

84 

54    . 

.•i8i;.78!*.679.agai 

16 

29.  652 

29.  675 

29.743 

29.690 

70 

70 

66 

77  ,  76 

69 

74.0 

80 

59    . 

639.652.5£i9.fi» 
4651.832. 814. 7  »4l 

17 

29.  805 

29.711 

29.  634 

29.717 

60 

77 

75 

64     84 

74 

75.7 

a5 

51    . 

18 

29.668 

29.  70<> 

29.  694 

29.687 

71 

66 

56 

75     74 

% 

70.0 

79 

50   . 

704.532.383.540, 

19 

29.985 

29.881 

29.877 

29.914 

58 

64 

63 

64     V2 

67.7 

78 

40   . 

403. 489!.  522. 471 

20 

29.917 

29.911 

29. 8.50 

29.  893 

60 

62 

58 

66  ;  69 

62 

65.7 

77     45  !. 

4381.462!.  429.443. 

21 

29.977 

29.  873 

29.845 

29.898 

58 

65 

59  1 

63     71 

63 

65.7 

72 

48   . 

416.537.447.467 

JS 

29.867 

29.  797 

29.765 

29.810 

58 

73 

67 

68     78 

72 

72.7 

80 

49   . 

350. 744. 595.. 561 

23 

29.811 

29.722 

29.651 

29.728 

68 

70 

65 

73     78 

70 

7a7 

80 

55   . 

618.  625;.  550. asr' 

24 

29.  693 

29.693 

67 

74    

74.0 

568 

5«ffi 

.559.631    .582 

25 

29.608 

29.623 

29.625 

29.619 

64 

66 

68 

67     72 

72 

7a  3 

82 

sa  . 

556 

26 

29.696 

29.  699 

29.660 

29.685 

63 

71 

68 

68     81 

74 

74.3 

81 

56 

50S» 

.624.e04.57S 

27 

29.672 

29.  4<i7 

29.  iTi 

29.537 

71 

68 

70 

77     77 

77 

77.0 

84 

59    . 

67& 

.564|.639.6?r 

28 

29.691 

29.809 

29.830 

29.777 

63 

61 

59 

69     68 

62 

66.3 

76     52  . 

496,.  445. 460. 4«S 

29 

29.8rj 

29.755 

»>.  646 

29.758 

55 

64 

63  , 

61 

74 

68 

67.7 

74  j  41    . 

354 

.  462!.  509 .  4#8| 

30 

29.467 

29.  351 

29.  462 

29.427 

69 

81 

71 

61.51 

! 

79 

1 

89 

77 

81.7 

89     56   . 

574 

ftAH 

678.733 

Means.... 

29.732     29.689     29.666 

\               \        •      \ 

29.696  ( 

SI.  5 

S4.6 

S7.7' 

i 

1 

?4.2< 

S8.0  69.9 

89     37   . 

1 

473 .  5071. 

541. 

1 

5», 
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VAPOR. 


Humidity. 
Saturation  =  1,000. 


a 


.643 
.712 
.794 
.587 
.733 
.790 
.762 
.833 
.617 
.698 
.669 
.631 
.847 
.861 
.777 
.716 
.716 
.704 
.606 
.836 
.631 
.794 
.772 
.646 
.641 
.918 
.660 
.722 
.727 
.692 
.698 


.730 


.733 

.rji 

.793 
.723 
.659 
.668 
.695 
.634 
.723 
.670 
.459 
.828 
.700 
.708 
.716 
.689 
.7e0 
.812 
.675 
.685 
.723 
.511 
.761 
.677 
.841 
.743 
.TJl 
.700 
.650 
.580 

.700 


a 

d 


.543 
.476 
.636 
..■^69 
.776 
.926 
.767 
.914 
.767 
.  521 
.681 
.620 
.727 
.554 
.667 
.512 
.627 
.411 
.627 
.727 
.716 
.809 
.850 
.627 
.525 
.692 
.687 
.7t'l 
.874 
.670 
.723 


.677 


.636 
.790 
.700 
.  672 
.747 
.618 
.724 
.703 
.5.39 
.647 
.  524 
.727 
.582 
.6.'>3 
.677 
.727 
.714 
.634 
.624 
.653 

.  /  <b 
.653 


.712 
.590 
.608 
.647 
.551 
.694 

.698 


a 

ex 


.738 
.685 
.698 
.65:J 
.812 
.772 
.762 
.914 
.767 
.856 
.786 
.794 
.840 
.786 
.836 
.727 
.722 
.660 
.794 
.843 
.794 
.925 


.794 
.713 
.786 
.722 
.710 
.880 
.747 
.743 


775 


.798 
.790 
.723 
.836 
.836 
.731 
.765 
.765 
.793 
.765 
.708 
.802 
.743 
.819 
.810 
.846 
.822 
.713 
.7iH) 
.772 
.776 
.758 
.751 


.804 
.720 
.689 
.828 
.7^3 
.731 

.773 


WIND. 


,708 
.624 
.709 
.603 
.774 
.829 
.764 
.887 
.717 
.692 
.712 
.682 
.805 

.rj4 

.760 
.652 
.688 
.592 
.676 
.802 
.714 
.843 
.811 
.689 
.626 
.799 
.690 
.738 
.827 
.703 
.721 


.728 


.722 
.770 
.739 
.744 
.747 
.672 
.  728 
.701 
.685 
.694 
.564 
.786 
.673 
.7i)3 
.734 
.754 
.772 
.720 
.696 
.703 
.736 
.682 
.722 
.677 
.786 
.684 

.6rj 

.725 
.651 
.668 

.713 


Direction.' 
Prom  whence. 


a 


N.:... 

w .... 

NW... 

SB.... 

8 

S 

8.SW. 

N 

W  .... 
NW... 
W  .... 
W  .... 
8W... 

sw... 

8W... 
NW... 
N.NW 

N 

W  .... 
NE  ... 

B 

8 

SW... 
N  . . . . . 

8 

SW... 

N 

N 

SW... 
w .... 
NW... 


SW... 

•9  rj  .  .  .  . 

SiV . . . 
w 

W.NW 

8 

N 

NE  ... 
NB  . .. 

E 

8 

8 

W  ... 

8 

8 

N 

NE  ... 
SW... 

N 

8 

NE  ... 
SW  .. 
N.NE. 

8 

E 

8 

8 

NW... 
SW... 
8 


a 


W  .... 
MT  . . .. 
NB  ... 
SB  ... 

S 

N  ■ . . . 
W.NW 

N 

W  .... 
NW... 
W  .... 
W.8W 
£  ..... 
^V  .... 
SW... 
NW... 
W.NW 
W  .... 
W  .... 
N.NE. 

E 

N 

SW... 

N 

8 

W.8W 

N 

tt  .  • . . 
W.NW 
W  .... 
NW... 


a 


NW.. 
W... 
NE  .. 

SEj.  .  . 

S  .... 

8  .... 

W.NW 

N... 

W  .. 

NW. 

W  .. 

W.SW 

SW.. 

8W.. 

SW.. 

NW.. 

W  ... 

W... 

W  ... 

W  ... 

E.... 

8  .... 


SW... 
SE.... 
8  W  . . . 
W  .... 
W.NW 

N 

N 

NE  . . . 
NE  ... 
NE  ... 

o    .  .  .  .  . 

8 

NW... 

8 

8 

N 

Ci  • .  • . . 
W  . . . . 
N  W. . . 
NE  ... 
NE  ... 
NB  ... 
NB  ... 


8  .... 
W  . . . 
NW.. 
N.... 
E  ... 
W  ... 
W  ... 
W... 


Velocity,  in 
milei,  per 
tionr. 


a 


35 

35 

4 

35 

45 

4 

4 

25 

35 

12 

4 

25 

12 

25 

4 

12 
4 

25 

12 

12 

2 

12 

4 

12 

2 

4 

4 

2 

2 

12 

25 


E 

a  ' .  • . , 

E 

NW.. 

N 

8 


NW... 

8 

8W... 
W  ... 

sw... 

N 

NE  ... 

E 

NW.., 

N 

8 

8 

N.NE, 

8 

8 

N 

8 

NB  ... 
W  . . . 
NE  ... 
SW... 
SB..., 
8  ■ . . . . 


I  E... 

8  ... 
8  ... 
E... 

I  8... 
NW. 


4 

o 

12 

12 
4 

12 
2 

25 
4 
2 

35 

25 
4 
2 

12 
2 
4 

4 

o 

2 

12 
o 

12 
2 
2 

25 
4 

25 
4 

35 


a 

01 


35 

45 

25 

45 

4 

4 

4 

45 

12 

25 

12 

12 

12 

35 

12 

25 

25 

25 

4 

4 

25 

4 

25 

4 

45 

25 

4 

35 

4 

4 

12 


35 

25 

45 

25 

4 

2 

4 

25 

12 

25 

25 

4 

35 

12 

4 

12 
25 
25 
25 
35 
25 
25 
12 


12 
4 

12 

35 
4 

45 


a 

a 


25 

25 

25 

45 

12 

4 

2 

60 

12 

2 

2 

12 

2 

12 

12 

12 

4 

4 

2 

2 

25 

2 

2 
35 

4 

2 
12 
12 
25 

4 


Si 

3  a> 


m  ^ 


a 
o 


I 


2& 
45 
4 
2 
2 
4 

12 
2 
2 
2 
25 
12 
2 
2 
2 
2 
2 
2 
2 
12 
2 
4 
2 


12 
12 
2 
2 
2 
4 


24.7 
35.0; 
16.  7 
41.7 
20.5 

1.3 

2.7 
4X  3 
19.7 
13.0 

6.0 
16.0 

3.3 
22.3 

9.3 
16.3 
10.3' 
13.0 

6.0 

5.0 
17.3 

a3i 

14.3 
4.7 

19.7 

10.0 
3.3 

16.0 
5.7 

i:j.7 
ia3 


N.45W. 
Went... 
N.40E 
8. 45  W. 
Sonth.. 
Sootli . . 
8.  SOW. 
North.. 
West  .. 
N.45W. 
West... 
8.79  W. 
8. 12E. 
S.  67  W. 
8. 45  W. 
N.  45  W. 
N.65W. 
N.49W. 
We«t... 
N.33B. 
Eagt  ... 
North . . 
8.  45  W. 
North.. 
8.37  W. 
8.71  W. 
North  . . 
N.87E. 
N.80W. 
WeHt... 
N.49W. 


5.1,  N.81W. 


15.3 

22.3 

20.  .3, 

13.  0| 

3.0 

2.0! 

5.7 

17.3 

5.3 

9.3 

28.3 

13.7 

12.7 

5.3 

6.0 

5.3 

9.0 

8.7 

9.3 

15. 3| 

11.3, 

8.0 

7.3 

0.7 

8.7 

13.7 

4.7 

19.7 

1.0 

25.7 


8. 78  W. 
8.17  E. 
8. 45  W. 
We»t... 
N.79W. 
South  . . 
N.29E 
N.  46  E 
N.37E. 
N.45E. 
South.. 
South  . . 
N.46W. 
South . . 
South . . 
North . . 
N.88E. 
8.  87  W. 
N.45W. 
N.47E. 
N.45E. 
N.55E. 
N.37E. 
South . . 
EaMt  . . . 
South . . 
8.  61  E  . 
N.  44  W 
8. 75  W. 
8.  2  W. 


Amount  of 
doudines*. 
(0=cl**ar 
■ky.) 
(10=»ky  en- 
tirely over- 
cast 


a 

m 


10 

6 

6 
10 
10 
10 

6 
10 
10 

7 

2 

1 

10 
10 
10 

7 

7 
10 

0 
10 
.7 
10 
10 

3 

2 
10 

2 
10 
10 

5 
10 

7.4 


10 
10 
3 
2 
1 
2 
2 
10 
2 
3 


10 

0 

2 

9 

10 

10 

10 

0 

10 

4 

8 

6 

0 

I 

8 

3 

3 

0 

6 


a 

a. 


10 

4 

3 

10 

10 

10 

10 

10 

10 

7 

3 

0 

10 

8 

10 

3 

7 

10 

10 

10 

10 

10 

10 

2 

10 

3 

7 

10 

10 

10 

3 


10 

10 

6 

2 

1 

4 

10 

10 

2 

10 


6  I     7 


10 

10 

4 

10 

10 

5 

6 

1 

10 

2 

2 

10 


10 

10 

5 

2 

0 

10 


a 

« 
a. 


4 

4 

0 
10 
10 
10 
10 
10 
10 

2 

0 

0 
10 
10 
10 

6 
10 

1 
10 

2 
10 
10 


10 
10 
0 
7 
10 
0 
6 
0 


7. 7    6.  7 


10 
6 

10 
1 
8 
0 

10 
5 
0 

10 
0 
6 
0 

10 

10 
0 
2 
1 
0 

10 
0 
2 
2 


1.5   S.2W. 


5.21  6.3 


2 
4 

9 

0 

0 

10 

4.3 


es  9i 

v«  a 

g  ."a 

< 


a-2 

u    . 

a 

«•    >  ^ 

S  OTS 

S  a  a 
a  *  • 


.48 
.85 


.03 
.08 
.44 
.05 
.12 
.06 


.15 
.15 
.06 


.32 


.48 
.40 
.11 


.02 


.14 
".'64 


3.  98 


.23 


.11 


.22 


.25 


.03 


.84 


1170 
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Beductions  of  the  monthlff  meteorological  register  of  the  nrrce|«f 


TKMPERATDRE— FAHRKITHETT. 

1 

TArOR. 

BRfometer  reduced  totempernture 
of  32°  FHhr..  exprewed  in  United 

1 

State*  incbeM  and  deeimalx. 

Wet  bulb,  or 

Drj 

•  bnlb,  or 

tem- 

ElftHticity.inU.S.' 

Pnte. 

point  of 

P< 

'rHtnru  of  the 

inches  and  deci- 

evaporation 

open  air. 

• 

e 

6 

• 

S 
s 
a 

mals.               1 

e     1 

• 

S 

B 

0 

ESS 

• 

e 

• 

a 

• 

S 

• 

S 

B      S  '  £ 

cd 

• 

0. 

d 

0^ 

d      d 

d 

d 

• 

• 

0. 

C8 

a 

d 

d     di  f 

!    *- 

C) 

Si 

s 

0 

0 

0 

1- 
0 

01 
0 

0 

^ 

0 

0 

r* 

C4      a    S 

1 

1867. 

» 

0' 

gopt.       1     29.Ji09     29.557 

29.690 

29.585 

58     58 

52 

63 

60 

55 

59.3 

65 

45 

.416^.456.3491.40: 

2  1  29.  805     29.  83 1 

2i».  759 

29.7H8 

Sil     60 

60 

57 

69 

6:) 

63.0 

68 

44 

.3.51.  398. 48a. 41« 

3  '  29.705  !  29. «» 

29.601 

29.648 

59     70 

6:1 

64 

81   '  70 

71.7 

82 

47 

.433.5i-.%.48i.5l» 

4  ,  29.7()8  1  29.7i»5 

29. 757 

29.  773 

54      66 

59 

a9 

74     63 

6.5. 3     75 

46 

.351  .532.447.443 

5 

29.715     29.674 

29.  563 

29.651 

52     74 

70 

57 

83     73 

71.0 

84 

43 

.322.7ie.<10.y!J 

6 

29.  54«l     29.  531 

29.  725 

29.  599 

67     rj     57 

74 

84 

64 

74.0 

85 

.53 

.  5*18.  66:J. 373. 53J 

7 

29.925     30.071 

30.  002 

29.  991* 

54      62     54J 

60 

72     65 

6-5.7 

"^2 

45 

.34".  524,. 577.^? 

8 

;10.  050 

21).  983 

29.  i»04 

29.  979 

55 

65     65 

62 

72     68 

(77.3      73 

39 

9     29.764 

29.  593 

29.  580 

29.  646 

61      75  ,  69 

65 

87     74 

75.3  i  86 

52 

.483.7U5.64I.(?1C 

10  ,  29.715 

29.  757 

29.  793 

29.  755 

54      54  '  54 

57 

60     54 

57.0 

74 

43 

.:j78.:C».4i?,3T!* 

U 

29.  873 

2i».  827 

29.  705 

29.8«'2 

42     67  1  52 

46 

77     57 

6J.0 

77 

32 

.215.52T.:fiS.3S5 
.2*^.».474.5J2.4*!' 

12 

29.  71 0 

29.  659 

29.618 

•-  9.  659 

49     67 

63 

55 

81      67 

67.7 

82 

42 

13 

29.511 

29.495 

29.  622 

2i».  .543 

60     68 

5:j 

66 

75     58 

66.3 

80 

47 

.4:i8.5t*i.;c«.4w 

14 

29.  898 

30.  000 

:M).  060 

29.  i^S6 

47     56  i  49 

52 

62     51 

,55.0 

62 

40 

.257.  369.321.. lis 

15 

30.018 

29.  963 

29.  887 

29.  &Zi 

42     65     57 

48 

75     63 

6i0 

78 

32 

.  i89.48i.aK;.:uJ 

16 

29. 897 

2*>.  S'2.i 

29.  828 

29.  849 

61      73  i  70 

67 

8J 

74 

TJ.7     80 

50 

,457.7I7.»79.C!') 

17 

29.931  1  29.870 

29.890 

29.  897 

68      81   !  74 

73 

91 

77 

sa.  3    91 

.57 

.6ih.9-.»I.7h9.w? 

18 

29.  775     2H.  748 

29.  775 

29.76« 

72     81      73 

75 

92  i  79 

82.0     92 

62 

.744.9^8.7:>».?«t 
.5(^^577..'i36.53ei 

19 

29.  069     21>.  940 

29.  809 

29.906 

62  1  (i8     63 

(>6 

76     66 

69. 3     78 

52 

20 

29.  685     29.  61 1 

29.  779 

29.  692 

70     74  1  59 

76 

8.J 

63 

74.0     90 

.53 

.652.7lf*.447.ftfi 

21 

29.  9v»6 

29.  927 

29.864 

21>.  IHKj 

51     62 

52 

56 

67 

57 

60.0  :  68 

43 

..3(>*.489.3«..'571 

22 

29.829 

29.841 

29.8:}5 

51  :.... 

64 

55 

•  •  •  • 

69 

62.0 

77 

38 

..321  ...    .5-i».4;5 

23 

30.190 

36.267 

:».  i:i3 

30.  177 

47     54 

42 

51 

60 

46 

52. 3 

66 

36 

.270..'5tf.2).').2:4 

24      3ti.  U85 

29.  967 

29.  812 

29.  955 

43 

65 

58 

49 

77      65 

63.7 

77 

28 

.  Il»9.457.J(».J4^ 

25 

29.  549 

29. 678 

29.614 

58 

59 

•  •  •  ■ 

63 

67  i.... 

65.0 





.4o:».  :R<J    -.   .*5 

26 

29.960 

29.  892 

29.' 860 

29.  9(4 

47 

50     43 

51 

51      47 

49.7     66 

.36 

.270.34H.?25.2?i 

27 

29.859 

29.  TM 

29.  ra 

29. 775 

37 

58 

52 

40 

65 

54 

5:1.0     65 

26 

.  I»<l  .389.:«ft.''.31l 

28 

29.688 

29. 577 

29. 572 

29.612 

45  1  71 

60 

48 

82 

62 

64.0 

82 

38 

.26(K  610.49;. 454 

29 

29.416 

29. 522 

29.  706 

29.548 

60  i  56 

43 

fi8 

58     49 

58.3     71 

37 

.411  .4-'2.  IW.34*; 

30 

29.  954 

29.  880 

29.859 

29.898 

37     43  1  38 

42 

47      40 

43.0  1  47 

30 

.  1.55.  225.  JIO. aw 

Means.... 

29.807 

29.785  1  29.786 

29.779 

5.3.9  64.7  57.6 

1 

:>a8  72.7  6l.8 

64.3 

92 

26  j.  372.  527. 442.  W 

Oct.        1 

29.815 

29.676 

29.555 

29.682 

34 

59 

49 

38 

67 

53 

52.7 

69 

28 

.144 

1 

1 
..393.2«.277 

2 

29.445     29.281 

29.389 

2i».  :r?2 

48 

:)8 

57 

56 

66     6:1 

61.7 

71 

:a 

.2:i.'.376..*6.fll 

3 

29.  678     29.  t^i* 

29.  674 

29.  6^0 

47 

48 

:« 

52 

52 

42 

48..7 

61 

31 

.257.  282.  177.  JS| 

4 

29.  J-72 

2i>.  766 

29.745 

29.  794 

.32 

54 

50 

•35 

tui 

53 

.50.3  ;  63 

20 

.  l42.2l«.:ei.2J< 

5 

29.373 

29.404 

29.  633 

29  470 

50 

55 

46 

54 

&J     5» 

54.7 

61 

:rr 

.3«8.3<i7.2».3i: 

6 

30.  0.J0 

3  '.  042 

30.  030 

30.  o:m 

41      44 

44 

47 

54  1  51 

50.7 

54 

.34 

.  179.157.198.1.. 

7 

30.  282 

30.  210 

3. '.261 

41 

44 

•  •  •  . 

46 

%n     1  • •  •  . 

."iO.O 





.  11*2.157...  <173i 

8 

30.  187 

:J0.  029     29.  900 

30.  039 

33 

54 

47 

.37 

64  '  51 

50. 7      66 

26 

.  1:I6.2p5.v70.-2S' 

9 

29.  736 

29.  429      29.  3«)5 

29.510 

42     57      53 

45 

62  i  57 

.54. 7     62 

:« 

,  228.. 3W9.  :»>.»' 

10 

29. 250 

2'».  197  i  29.213 

29.  220 

5'J     55 

51 

.55 

60. 

54 

5<;.3     60 

42 

.2y5..'iK7.:m.3S 

11 

29.311  :  29.380 

29.413 

29.  368 

48      54 

52 

51 

59 

54 

.54.7     59 

39 

.296.  351. 384. ^*> 

12  1  29.491   ;  29.548 

29.644 

29.  ."M?! 

48     47  [  43 

51 

48      46 

48.3     55 

34 

.  296.  310. i!*?.* 

13  '  29.682 

2il.  680 

29.  658 

29.  673 

42     52     48 

43 

55  ;  52 

5a  0  i  55 

31 

.254.:H9.*2.iSft 

14 

29.  754 

29.  772 

29.651 

29.  72<) 

40     54      49 

42 

60 

51 

51.0 

61 

29 

.22l.338.3?l.» 

15 

29.645 

29.  t»h7 

29.713 

29.  »>82 

49      5.3 

48 

53 

60 

50 

.54.3 

6t> 

37 

.295.3l0.a9.3t6 

16 

29.  9!  6 

29.  840 

29.810 

29.  852 

38 

67 

55 

41 

76     59 

58.7 

76 

28 

.  190..542.38M  3: 

17 

29.  762 

29.  702 

29.543 

2i>.  669 

.53 

69 

6:} 

58 

80  1  69 

69.0     80 

46 

.336.561.495.464 

18 

29.621 

29.  622 

29  646 

2i).  6:M) 

6U 

68  1  59 

63 

80 

64 

69.0  ,  8*) 

52 

.47*i..'»24.42IK4:* 

19 

29.  705 

29.  870 

29.  785 

2J*.  7f  7 

52 

66  i  60 

.■^7 

75 

64 

65.3 

SO 

44 

.322.  519. 4(». 43a 

20 

29.  894 

2t).  883 

29.  8:j7 

29.  878 

55 

67 

64 

57 

74 

67 

66.0 

75 

45 

.4(i7.5»'.5».5IC 

21 

29.  8<r? 

29.  6^     2i).  722 

29.  760 

^9     68 

59 

63 

79 

65 

69.0 

78 

51 

.4 17. 5:17. 430.4* 

22     29. 765 

29.  834      29.  868 

29.  822 

54     48 

43 

57 

53     48 

52.7 

67 

36 

.378.9e9.2li.*« 

23     30.071 

30.147      30.097 

30.  105 

38 

43  t  33 

43 

51      37 

43.7     51 

26 

.  164.  ir«.  131. lie 

24  ,  m  188     30.199  |  30.  (»86 

3.).  158 

32 

50     38 

33 

57     41 

43.7     60 

21 

.  I68.2«.l».i* 

25     30.  178      30.  l.'fi 

30.  086 

30.  132 

31 

53     38 

33 

61      41 

4.5.0 

61 

21  i.  15 1.297.  I<W.«13 

26     m  061      30.018 

29. 986 

30. 022 

29 

49' 

38 

32 

57     41 

43.3 

59 

20 

.  126.242.  190.  I* 

27  1  30.  092 

30.010 

:J0.  0.34 

22 

*  •  •  . 

47 

35 

....    51 

43.0 

GS 

22 

...   !...    .J70.SW 

28  t  30.  (Wl  :  29.935 

29.924 

29.963 

37 

53 

48 

40 

59     59 

52.7 

5i» 

27 

.  181  .323.190.231 

29     29.777  1  29.647 

29. «« 

29.676 

48 

52 

50 

52 

56     .54 

54. 0     56 

38 

.282.3:i=i:3#.3tf 

30     29.  6(»3  1  2!*.  5;J5 

29.498 

29.  .545 

47 

51 

49 

5i» 

56     52 

.53.7     56 

39 

.t.'83.9*.»8  3DP 

31 
Mcani .. . . 

29.576  i  29.718 

t 

29.771 

29.688 

46 

46  1  42 

1 

49 

48. 0 

50     47 

48.7     .53 

37 

.27l.258.aie.24*, 

29.  795 

29.753 

29. 729 

29.768 

43.4 

54.6 

1 

48.7 

61.6 

52.9 

5:1.7     80 

r 

.255 

.349.301 

1 

.J" 
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the  northern  and  northwestern  lakes  at  CharUUe,  JVrir  York, 


VAPOR. 


Humidity. 
SatnratioQ  — 1,000. 


e 


a 


.740 
.«24 
.695 
.668 
.828 
.776 
.685 
.809 
.819 
.743 
.647 
.8:J8 
.659 
.731 
.636 
.727 
.568 
.718 
.723 
.ft36 
.66:) 
.793 
.717 
.677 
.768 
.848 
.675 
.747 
.712 
.698 
.692 


.612 
.511 
.6a5 
.711 
.Ges 
.865 
.776 
.663 
.880 
.819 

.695 
.511 
.689 
.613 
.504 
.681 
.812 
.810 
.804 
.665 
.6<)8 
.507 
.6-22 
.744 
.697 
.573 
.637 
.603 
.551 
.548 


.726     .666 


.647 

.743 

.783 

.735 

.6  9 

.641 

.708 

.681 

.727 

.724 

.716 

.7(K) 

.774 

.799 

.772 

.802 

.802 

.497 

.685 

.680 

.636 

.703 

.780 

.751 

.772 

.713 

.704 

.720 

.618  ' 

.660 

.653 


I     r 


.734 
.822 
.66:1 
.590 
.787 
.784 
.718 
.691 
.691 
.618 
.750 
.538 
.689 
.641 
.  OwH 
.807 
.590 
.488 
.66:» 
.716 
.616 
.697 
.708 
.569 
.524 
.600 
.648 
.714 
.417 
.479 
.493 


S 
d 


.695 

.796 
.824 
.900 
.796 

.8m 

.72:1 
.786 
.812 
.796 
.819 
.'772 
.692 
.790 
.810 
.  723 


.780 
.  ft).) 
.790 
.7i)3 
.790 
.819 
.744 
.851 
.  850 
.708 
.826 
.731 
.670 
.658 


782 


.743 

.708 
.8:11 
.618 
.672 
.689 
.  724 
.724 
.817 
1.000 
.T31 
.  629 
.724 
.7^3 
.677 
.804 
.804 
.734 
.7.35 
.675 

.856* 
.807 
.613 
.796 
.6;» 
.782 
.6.53 
.881 
.733 
!  .731 


.  707     .  646 


.713 


a 
m 

S 


.683 
.644 

.708 
.760 
.764 
.815 
.7-28 
.753 
.837 
.786 
.733 
.768 
.621 

.m 

.686 
.651 
.625 
.770 
.808 
.810 
.707 
.730 
.  691 
.681 
.789 
.798 
.652 
.737 
.682 
.640 
.63:) 


.723 


.708 
.758 
.759 
.648 
.6ji9 
.706 
.717 
.699 
.745 
.781 
.712 
.623 
.729 
.712 
.673 
.804 
.732 
.573 
.696 
.690 
.627 
.752 
.765 
.644 
.697 
.647 
.711 
.696 
.640 
.634 
.626 


.698 


VVIWD. 


Direction. 
From  whence. 


a 


N 

8W.. 
8W.. 

a 

NE  .. 

S 

8VV.. 
S\V... 
NE  ... 
W  .... 
8W.. 
NW... 
NE  .  .. 
NE  ... 

oEj  ■  ■  .  . 

NW... 
N.NW 

N  . . . . . 
NK  .. 
N.NE 
W  ... 
N.NW 
8W.. 

aw. .. 

aw... 

NE  ... 
8 

o     .  •  .  .  . 

N.NW 

N 

8 


8 

8 

If 


8W.  . 
8.8  W 

aw.. 

8  .... 
8  .... 
W.NW 
NE  .. 
8  • . . . 
8  .... 

N 

NW.. 
NE  .. 

N 

8.8  W 
W  ... 
w ... 
w ... 

8 

SE  .. 
8W.  . 
NW.. 
8  .... 
8  .... 
8  .... 
NW.. 
8  .... 
8... 


a 

o. 


N 

N 

NW.. 
NE  .. 
E  . . . . 
W  ... 
8W.. 
8W.  . 
N.NE 
SW.  . 

Nw!! 

NE  .. 
NE... 
SE... 

N 

NE... 

N.NE 
N.NW 
E... 

N 

W  ... 
N.NE 
NE  .. 

8  .... 
8  .... 
W  ... 

N 

8  .... 


8 

N..  ... 

N 

8W.. 
W.NW 
NW.. 
8  .... 
NE  .. 
NW.. 
NE  .. 

kI    •  •  •  • 

N 

N 

1^  •  •  •  •  • 
o    •  •  •  • 

NW.. 

8W.. 
W  ... 
w ... 
NW.. 
NW.. 
NE  .. 
W  ... 
NW.. 

N 

NE  .. 
8  .... 
N.. . . . 
N... . 
8  .... 


•  a 

a 
at 


M  . . . 

8  ... 
SE.. 
N.. . . 
E  ... 
SW. 
W  ., 
8  ... 
8  ... 
8  ... 
8W. 
NW. 
8  ... 
NE  . 
NW 
N. , . . 
8  ... 
N.... 
N.... 
NW. 
N.... 

r)   .  •  . 

8  ... 
8  ... 
N.... 
NE  . 
8  ... 
8  ... 
NW. 
8  ... 
8  ... 


Velocity,  in 
niili'it,  per 
bonr. 


8  .... 
W  ... 

N 

aw . 

8  .... 


8 

8 

8 

E 

aw.'."! 

Na.  .  .  .  , 

a  . . .  . 
w .... 

N 

E.NE 
N.. . . . . 

a  . . . . . 

a  . .  • . . 
w ... 
w . . . 


a 


4 

4 

4 

12 
25 

4 
12 

4 
12 

2 
25 
12 
35 

4 
12 
12 

4 

2 
12 
12 
25 
25 

2 

4 
35 
25 

2 
25 
35 
12 

4 


E 

E 

W.NW 
NW  .  . 

a  ...'.. 

N 

N... . .. 

W  .... 

8 

a 


35 

2 

12 

2 

12 

2 

4 

2 

2 

12 

25 

2 

12 

11 

2 

25 

25 

12 

12 

2 
o 

2 
4 
5 
2 
2 
2 

25 
2 
4 

12 


a 

d 


4 

12 

4 

4 

25 

4 

2 

4 

25 

2 

4 
4 

12 
4 

35 
4 
4 

12 

12 
o 

4 
4 

12 
4 

25 
4 

45 

25 
2 

12 


4 

o 

A* 

12 

4 
12 
12 

2 

4 

25 
25 

4 
12 
12 
12 
12 
35 
25 
45 
25 

4 

12 
12 
12 
25 

4 
12 
•25 
25 
25 
45 

2 


a 

d 

Oi 


2 
2 
2 
4 
4 
4 
4 
2 
2 
2 

25 
4 
2 

25 
4 
4 
2 
2 

25 

12 
4 
2 

12 
2 
2 
2 
2 

35 

25 
4 

25 


I- 

SJ 

a  s 
X 


a 
o 

u 


2.0 
4.3 
1.7 
2.0 

16.7 
2.3 
5.7 
3.0, 

11.7 
1.7 

16.7 
6.3! 

12.7! 

i:j.  7 
5.7 

16.  0 
1.7 
2.7 

15.  3 

10.7 
6.0 
9.0 
3.3 
5.0 

10.3 

17.3 
2.7 

a'3.0 

2.5. 3 
3.3 

13.7 


1.2 


2 
4 
4 
2 
2 
2 
2 
2 
4 
2 
4 
2 
2 
45 
35 
2 
4 
4 
2 

2 
2 

25 
2 
2 
2 

25 
4 
4 
2 


North  .. 
N.  12  W. 
S.  74  W. 
a.  28  E 
N.  69  E 
a.  80  W. 
8.  55  W. 
8.  :I9  W. 
N.  32  E 
8.  45  W. 
8.  45  W. 
N.45  W. 
N.  47  E 
N.  45  E 
8.  60  E 
N.  10  W. 
N.  15E. 
North  .. 
N.17E 
N.15W. 
N.  79W. 
N.  21  W. 
8.  8  W. . 
8.  72  W. 
8.  50  W. 
N.  45  E 
South  .. 
South  .. 
N.  48  W. 
North  .. 
South  .. 


N.  17  W. 


13.7 
0.7 
9.3 
1.0 
8.7 
3.7 
1.7 
2.7 
8.3 
12.3 
10. 0 
6.0 
0.7 

a7 

17.0 

8.3 

14.7 

19.7 

13.7 

2.7 

4.3 

:j.o 

5.  ol 
17.0 
2.6 
2.7 
8.3 
8.3' 
9.0' 
12.31 
5. 31 


South  .. 
Went... 
North  . . 
S.  75  W. 
a.  43  W 
N.86  W. 

a.  5:1  w. 

8ouih  .. 
N.  52  E  . 
N.58  W. 
N.  42  E 
South  .. 
We..t  .. 
North  . . 
N.  53  E 
N.  45  E  . 
N.  24  W. 
a.  38  W. 
We»t... 

W«Ht... 

N.5I  W. 
N.  45  W. 
N.  68  E. 
N.  83  W. 
N.  45  W. 
North  .. 
N.  45  W. 
South  .. 
N.  1 1  W. 
North  . . 
South  .. 


Amount  of 
cloudineM. 
(0=clfar 
«ky.) 
( 10= Hky  en- 
tirely over- 
cant.) 


a 


5 
3 
3 
6 

10 
3 
3 
3 

10 
0 
6 

10 
0 
0 
2 
4 
3 
7 
5 

10 
0 
4 
3 
0 

10 

10 
3 
3 
3 
3 
3 


4.3 


7 

10 

10 
0 
3 
2 
4 
0 
0 

10 
0 
0 

10 
7 

10 

10 
8 

10 
3 

10 
3 
8 
2 

10 
0 
1 

10 
9 
7 
9 
5 


2.  Ol  N.  41  W. 
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57 


0 

3 

10 
o 

AT 
1 

6 
4 

5 

10 

3 

6 

10 

10 

1 

4 

7 

6 

1 

8 


6.1 


10 
4 
2 
1 
3 
2 
2 
3 
3 

4 

2 

8 

3 

6 
10 

1 

3 
10 

5 

•to 

I 

9 

0 

2 

0 

0 

4 
10 

3 

4 
10 

4.5 


■ 

a 

a 

o. 

• 

Gi 

Oi 

3 

8 

3 

1 

3 

1 

10 

10 

10 

7 

10 

2 

10 

0 

8 

5 

10 

0 

10 

10 

(1 

10 
n 

a  J. 
—  u 

2  c 

c  © 

>  A 

w.  B 

3  00  «• 
i     .  1 

< 


0 

0 

10 

0 

10 

10 

10 

0 

4 

0 

0 

0 

10 

10 

2 

8 

0 

3 

7 


4.5 


6 
2 
0 
2 

2 

o 

*0 

0 
0 
0 
4 
0 
3 

10 
2 
6 
3 
4 

10 
2 
4 


10 
2 
0 
0 
0 

10 
0 

10 
0 

10 


3.5 


1.S 

2a 

aSS 

< 


.04 


43 


.48 
.11 
.36 
.11 


22 


.03 
.54 


.12 


2.44 


.04 
.03 


.24 

.01 


.11 


.43 
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Reductions  of  the  monthly  meJeorological  register  of  the  fmnafij 


Date. 


1867. 

Nov.       1 

2 

3 

A 

5 

6 

7 

8 

9 

10 

11 

12 

1.) 

14 

15 

16 

17 

It* 

19 

20 

21 

22 

2;j 

•  24 
25 
2ei 
27 
28 
29 
30 

Meant 


Dec 


I 
2 
3 
4 

a 

7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 


Barometer  reduced  to  temperature 
of  32'^  Pabr.,  expressed  in  United 
Staten  incheit  and  decioiaU. 


TEMPERATURE— FAHRXMHKIT. 


a 

c£ 


29.807 
29. 2.32 
29.  .'>26 

29.  449 

30.  031 
29. 982 
29. 923 
29.550 
29.  392 
29.716 
2!».  rJ5 
29.  692 
29.  636 
26.215 
29.  ei?6 
29.  377 
29.  603 
29.  823 
29.993 
21>.  763 
29.940 
29.  790 
29.  774 
29.814 
29.718 
29.  556 
29. 934 
29. 750 
29.514 
29.  43:1 


6 


29.466 
21».  335 
29.27(1 
29.  6.58 
29.  902 
30.017 
29. 744 


29.526 
29.  632 
29. 691) 
2i>.688 
29.  583 
29. 269 
29.927 
Q'J.  600 
29.  427 
29.  747 
29.  926 
29. 664 
29.866 
2i).  731 


29.685 


29.  613 
29.  764 
29.696 
29.167 
29.621 


29. 685     29.  645 


Means.. 


30.066 
29.694 
29.818 
29.631 
29.429 
29.448 
29.481 
29.  75<i 

30.  mo 

29.557 
29.670 
29.884 
29.977 
29.950 
29.964 
29.6-22 

29.  347 
29.763 
30.236 
29.819 

30.  156 
29.167 
29.544 
29.774 
29.755 
29.  347 

29.  a34 
29.738 
29.874 

30.  158 
30.241 


29.934 
29.648 
29.578 
29.402 


29.  749 


29.075 
29.449 
29.750 
29.921 
29.647 
29.717 
29.779 
30.035 
29.881 
29.719 
29.  .Wl 
29. 26*i 
29.870 
30. 288 
29.643 
30, 027 
29.125 
29.83! 
29.552 
29.500 
29.711 
29.  (159 
29.783 
29.  94.3 
30. 248 
30.086 

29.701 


S 


29.340 
21).  548 
29.  (26 
29.818 
29. 8ii7 
30.041 
29.688 
29.440 
29.603 
29.  661 
29.6^3 
29.673 
29.  .546 
29.308 
29.751 
29.  751 
29. 55:J 
29.  720 
29.  751 
29.804 
2«K  845 
29.751 
29. 795 
29.697 
29.465 
29. 924 
29.710 
29.  727 
29. 8:12 
29.  626 


29.663 


29.819 
29.740 
29.488 
29.4.53 
29.616 
28.894 
29.468 
29.773 
29. 736 
29.595 
29.748 
29.849 
29. 936 
29. 779 
29.  679 
29.547 
2i).454 
29. 931 
30.203 
29.901 
29.821 

29.  116 
29.991 
29. 742 
29.156 
29.768 
29.2<J8 
29.693 
29.965 

30.  242 
29.879 


9J 


29.558 
29.372 
29.271 
29.  642 
29.913 
30.013 
29.  785 
29.  495 
29.507 
29.670 
29.  70:j 
29.684 
29.588 
29.264 
29.a"S5 
29.576 
29.  528 
29. 763 
29.890 
29. 744 
29.  884 
29.  757 
29.7t<5 
29.  732 
29. 5J»2 
29.698 
29.803 
29.  724 
29.504 
29.560 


Wet  bnlb,  or 

point  of 
evaporation. 


37 

5.3 

40 

38 

29 

30 

29 

36 

54 

42 

36 

31 

28 

.30 

26 

37 

28 

18 

18 

31 

3.3 

38 

43 

40 

49 

42 

34 

37 

40 

18 


o  ^  o 

54 
49 
47 
41 
43 
3.3 
38 

56 
51 
36 
33 
31 
3!) 
32 
34 
37 
^^ 
26 
38 
38 
46 

»  •  •  • 

42 

50 
37 
41 
43 
15 


29.661  34. 8  39.  ( 


2*».686 


29.936 

29.691 

29.628 

29.  495 

29. 523 

29.  139 

29.466 

29.760 

29.896 

29.600 

29.712 

29.837 

29.983 

29.870 

29. 787 

29.583 

29.  356 

29.855 

30. 242 

29.788 

30.000 

29.  136 

29. 789 

29.689 

29.^0 

29.609 

29.230 

29.738 

29.928 

.30.213 

30.069 


17 
24 
30 
12 
23 
34 
26 
14 

9 
25 
20 

7 
10 

2 
15 
23 
24 
19 
14 
24 
29 
38 
26 
26 
32 
39 
44 
32 
24 
20 

5 


24 
33 
34 
22 

35 
27 
19 
15 
25 
2i 
9 
11 
12 
23 
26 
28 
20 
20 
.32 
34 
41 
26 
tiii 
38 
44 
50 
29 
24 
17 
28 


49 
43 
5,> 
34 
36 
29 
31 
52 
46 
47 
32 
33 
30 

:i2 

29 
30 
30 
19 
26 
39 
32 
44 
46 
53 
52 
34 
36 
38 
39 
13 


Dry  bulb,  or  tem- 
perature of  the 
open  air. 


a 

es 


41 
58 
45 
44 
32 
.35 
31 
40 
62 
45 
38 
34 
3t) 
34 
30 
41 
31 
20 
20 
35 
36 
40 
46 
42 
52 
45 
38 
40 
42 
20 


36. 9  :ja  2 


29.  710  ,22. 0  26.  t 


26 
32 
31 
19 
28 
45 
13 
18 
13 
18 
17 

9 
15 

9 
24 
24 
26 
16 

8 
30 
30 
32 
24 
37 
50 
35 
48 
.30 
21 
12 
23 


19 
27 
33 
13 
25 
37 
28 
15 
10 
26 
21 

8 
11 

2 
16 
24 
26 
20 
20 
25 
30 
41 
97 
27 
34 
41 
46 
33 
26 
22 

6 


a 

a 


6( 
57 
55 
48 
50 
37 
42 

64* 

58 

40 

37 

35 

44 

37 

:i6 

41 

26 

30 

42 

41 

51 

57" 

54' 
42 
45 
45 

17 


• 

E 

• 

0 

CB 

u 

v 

^M 

a 

•« 

55 
48 
57 
07 
41 
32 
33 
59 
50 
51 
35 


53. 
54. 

52. 
43. 
41. 
34. 
.35 
49. 
58. 
51. 
37. 


35  35. 


30 

:n 

32 
32 
31 
21 
28 
42 
34 
47 


31. 

38. 

33 

36. 

34. 

22. 

26. 

39. 

37. 

46. 


49  47. 

56  I  51. 


57 
38 
40 
41 
43 
15 


54. 
45. 
40. 
42. 
43. 
17. 


44.3  40.2  41.1 


27  29 

37  36 

37  33 

24  20 

...  30 


38 
29 
21 


50 
14 
20 


17  I  15 

26  19 

22.1  18 

10  10 


12 
13 


16 
10 


25  25 
28  26 


30 
21 
22 


27 

17 
9 


35  32 
37  '  32 


46 
28 
39 
40 
47 
56 
31 
26 
18 
30 


34 
25 
39 
53 
37 
52 
31 
23 
13 
25 


B 

a 
s 


X 


62 

69 

58 


0  61 
0  50 


43 
45 
67 
66 
57 
51 
39 
32 
45 
37 
41 
40 
30 


0  29 
40 


42 
50 
56 
56 
56 
56 
42 
45 
44 
44 


69 


25.0 

5» 

33.5 

36 

34.3 

39 

19.0 

:w 

27.5 

35 

41.7 

50 

23.7 

30 

18.7 

49 

14.0 

21 

23.7 

,10 

20.3 

25 

09.3 

10 

13.0 

18 

07.0 

17 

22.0 

26 

26.0 

29 

27.7 

30 

19.3 

27 

17.0 

22 

30  7 

36 

33.0 

38 

4a3 

47 

26.7 

30 

35.5 

40 

42.3 

5.3 

41.7 

51 

51.3 

57 

31.7 

52 

25.0 

35 

17.7 

24 

20.3 

31 

TAPOB. 


s 
i 


Elutidty.iol.S. 
Inches  iujddrd 
maU. 


a 

e 


27 

36 
31 
26 
19 
19 
18 
17 
37 
32 
23 
18 
18 
18 
16 
19 
19 
7 
8 
17 
21 
18 

:j3 

30 
40 
24 
25 
27 
28 
4 


168.285 
3ri») .  24i 
Ih-'.217 
151 . 166 
1261. 186 
109'.  136 
137.177 
16dj....l 
3 1  el  343 
2-28 .  282 
186.  la) 
I3i)!.  1.36 


i3t> 
121 


128 
173 


095.116 
168 .  170 
liyi.  168 
076'.  ir72 
.076.095 
128 .  177 
149.  19\) 
-Uti.  245 
238.... 

ST* 

228 
144 

181 
,22ll 


.071 

3f8 
155 
205 
251 
1.76;.  063 


969..  Nl 
212.  «3 

157. 1> 
,147.  la 

2Sj.:«4 
•»7ul.2® 
I4t.  163 
If^.  14* 
167.  !4i 
116.  IJT 
m\  Hi 
144.161 
155    17 

117. I9b 

155.  W 

27r.SJ 
m.ir 

,5-J2.3l5 
144.33 

,  16:11  U* 

,  190,  iSi 


5 
14 


177.190.  I*?.  1* 


.071 
.095 


19    .  132 


-I 
8 


063 
100 


25  .  157 . 
10  .117. 
-1    .071. 


-3 

3 

5 

-6 

-3 


054. 

123. 
.0961. 
.048. 
.057. 


-3 
4 


-16  .039 


.  0741 
.  112. 

12  L  loeL 

5  !.  092i. 
-91.014;. 
-2  |.  117. 
19  '  14% 
15  .19ffl. 
14  .129. 
12  .189. 
23  .  I55I. 
25  !.2I2;. 
22  1 262'. 


16 

12 

3 

-5 


.168. 
.106'. 
.085'. 
.043:;. 


095.10^.®! 

I36.ia».i2r' 

157.151.14^ 
085. «?.'^ 

,...!.  13(^.  1-5 
16.V.234-16J 

124.l«7ii<S 
OeO.076l0T« 

063.('34«5^ 

I23.«7ijll 

10l.(«!.*3 
(154. 064,- c5? 
06l.»m>W 
063.054103? 
100.1  IT.  »^ 
117.1«US 
130. 12*.  12 
096. 17*  (^ 
085.  OMU^ 
142.144|.154 
157.1441759 
192.155.1^ 
117.  H7. 121 
I73.1«.lf»i 
908.381.236 
249.n»i.««3 

282.24?® 
137.1»J» 


106. 
083. 

130.  IC 


.101 
.CC7 


24.623.7  27.7  27.7   26.4 


57   -16  .109.1 

I 


27  .IS."' 
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the  northern  and  northwestern  lakes  at  Charlutte,  New  York, 


VAPOR. 

WIKD. 

Am( 

clou 

(0  = 

H 

(10= 

tirel. 

c 

lunt  of 
dinetm. 
^clear 

-.i  ; 

I'' 

n 

a. 
a  at 

g    .  « 

it 

Hnraiaity. 
Saturatiuu=l,OG 

0.  ' 

* 

Direction. 
From  whuDce. 

'Velocity,  In    . 
mileH,  per 
hour. 

S  3 
tj  0 
£  J3 

a  « 

X   4; 

Ji.o' 

12.7 
9.7 
0.7 
1.7 
8.3 

27.3 

• 

0 
w 

t 

a 
a 

** 

d 

X 

ky.) 
Mky  en- 
y  ovtir- 
ast.) 

a   •  «• 

MflS 

• 

S 

• 

a 

d 

CI       j 

• 

a 

9> 

• 

a 

• 

p. 

C4 

• 

a 

d 

• 

a 

2 
4 

12 
2 
2 

25 

12 
4 

25 
4 
2 

. 

a 

d 

©» 

25 

12 
4 
4 
4 

25 

25 

4 

4 

25  1 
4 

• 

a 

« 

d 

45   i 

•25 

25 

2 

2 
25 
35   < 

4 

4 

0 

4. 

0 

• 

a 

10 
3 
4 
3 
10 
4 
3 
3 
4 
10 

10 
10 

3 
10 

3 

6 

10 

3 

0 

• 

a 

■ 

0. 

CI 

10 
3 
6 
0 
8 

10 
2 
9 

10 
8 
1 

10 

10 
3 
3 

10 
2 
4 
0 

10 

• 

a 
d 

10 
4 

10 

0 

0 

8 

3. 

2 
10 

3 

0 
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10 

0 

1 
1 
1 

10 
0 
3 
0 

10 
0 
0 

S  c-o 
a  a  5 

a  •  « 
< 

.723 
.  752 
.727 

1 

.880     .8^) 
.  SfVI     .  6.>8  ! 
..'V54    1     65H  t 

.803 

.658 

.646 

.7i>4 

.727 

.624 

.576 

.708 

.699 

.  8-22 

.  651 

.619 

.688 

.728 

.597 

.734 

.  7.52 

.737 

.736 

.713 

.  70f'> 

.745 

.  r»89 

.565 

.635 

.783 

.743 

.740 

.  683 

• 

S 

NR... 

S 

W..-. 

E 

S 

NE.  .. 

E 

n .  .... 
W  .... 
W  .... 

8 

S 

N.  NB. 
E.  8E  - 

8 

8 

8 

NE-  .. 

8 

iV  .... 

w.sw 

NE.  .. 

8 

W  .... 
E.  NE 
8W..- 

8 

8 

N 

N 

E 

NW.  . 
N.NE. 

E 

W.SW 
NB.  .. 
NE.  .. 

8 

N.NW. 
SW... 
8W... 

N 

NE.  .. 

8 

8 

8 

8 

NE-  .. 
W.... 
N 
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8 
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8 
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NE.  .. 
8    .... 

N 

NW.  . 

S 

w  . . . . 

N 

8..*... 

8 

S 

8 

8 

E 
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8 

N 

8 

8 

0 
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K  45  R 

.24 
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.703 
.692 
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.636 
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.  535 
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.783 
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.691  j 
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2 

0 
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2 
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2 

12 
2 
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4 
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4 
2 

12 
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6.  0    South 
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35 

12 

12 

4 

4 

25 
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•» 
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12 
12 
12 
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2 
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12 
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45 

4 
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35 
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12 
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12 

4 

.13 

.690  !  .701      .8'0 

.761   i  .634      .fifi-J 

.858 
.786 
.727  1 

605  !  .738 
.  644     . 8:W 
:  636     . 776 

17.0 

10.0 

18.7 

11.3 

7.7 

12.0 

9.3 

12.3 

4.7 

3.0 

6.7 

29.3 

15.0 

1.8 

1.7 
10.3 
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N.48  R 
8.  73  W. 
N.  4  W. 
N.29W. 
N.  47  E 
South.. 

WcHt     .. 

N.9  W. 
N.57W. 

South. - 
North.. 
N.16W. 

N.  1  W 

. 

23 
.29 

.  687  '  .  740     .  6i)2 
.743  1 .747 

6  1     3 
8       3 

.06 

.722     .653  i  .691 

5 
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10 

0 
10 
10 

0 
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5 
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.  722 
.732 
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N 

8 

N 
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8 
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8 

10 
10 
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n 

.13 

.777 

0      10 
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5       0 
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45      45 
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45      12       2 

.16 
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i 

■ 
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\ 

2.03 

o 
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12 

•  1 

4 

45 
45 
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4 
35 

4 

o 
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4 
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8 

10 
3 

10 
4 
5 

.628     ..595 

.7.33 

.67) 

.6.52 
.590 

!  .r»83 
.672 
.719 
.485 
.497 
.&)7 
.744 
.  730 
.787 
.827 
.816 
.780 
.729 
.701 
.649 
.674 
.6110 
.797 

1  .666 
.703 
.556 
.73<; 
.697 
.651 
.7-22 
.587 
.737 
.756 
.707 

SW... 
S.8W. 
N    .... 
SW... 

8 

N 

NE... 

8 

8 

8 

SW... 

N 

\V.... 

N 
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8 

8 
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8 

N 

N 
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8 

8 

E 

E 
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N 

N 
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8 

O        •  •  *  > 

SW... 
N 
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4 
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4 
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2 

12 
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4 
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12 

25 

25 

2 
25 
12 
35 
25 
45 
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12 

4 

2 

35 

12 
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0 
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2 

25 
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6 
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6       1 
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Reductions  of  the  monthly  meteorological  regiiter  oftkt  suni§of 


Date. 


1867. 

Jan.        1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

H 

12 

13 

14 

15 

16 

17 

IB 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

Means.... 


Feb. 


1 
2 
3 
4 

■5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 


Means .... 


Barometer  reduced  to  teroperatnrv 
of  32^  PMlir.,expn'Hnedin  United 
StuteM  incbeii  and  decimals. 


a 


20.  P6') 
2i>.  9^-2 
29.  850 
29.  7H3 
29.  654 
21>.  276 
29.  527 
29.506 
29.  454 
29. 2:J.'} 
29.  353 
29.881 
29.  8'J9 
29.  669 
29. 735 
29.  'ftiO 
29  449 
29.  874 
29.620 
29.612 
29.329 
29.491 
29.670 
29.9b"; 
29.  957 
29.  136 
29.239 
29.  7t  8 
29.540 
3).  145 
29.813 

29.647 


s 


29.282 
29.671 
28.941 
29.476 
29.  :J06 
29.761 
30.069 
29. 9?5 

29.  .334 
29.584 

30.  500 
30.2al 
29.989 
29.851 
30.225 
29.  695 
29.560 
29.836 
29.  9.57 
29.863 
29.813 
29.749 
29.  885 
29.  285 
29.  935 
29.888 
30."  146 
29.  979 


29.907 

29.947 

29.855 

29.804 

29.  .3.'>8 

29.  373 

29.  5()7 

29.393 

29.  358 

2i>.  195 

29.  .5:w 

.30.  008 

29.rt06 

29.748 

29.832 

29.  744 

29.  474 

29.799 

29.499 

29. 598 

29.248 

29.475 

29.717 

29.996 

29.  76:} 

29.038 

29.341 

•^.705 

29.645 

31).  160 

29. 752 


29.627 


29.776 


29.450 
29.499 
29.  013 
29.  540 
29.381 

29.  783 

30.  060 
2i».  799 
29.  2.34 
29.  962 

rw.  ia5 

.30.  147 
29.  848 
29.986 
30. 201 
29. 425 
29.675 
29. 728 
30.014 
29.815 
29.631 
29.  8' "8 
29.639 
29.  .52 ) 
29.926 
29.921 
.30.  173 
29.763 


29.939 
2}>.  9.VJ 
29.  8\*7 
2i».791 
29.  278 
2iK  421 
-.9.  5(» 
29.593 
29.  257 
29.260 
29.  628 
.mO(9 
29.  529 
29. 722 
29.915 
29.554 
29.694 
29. 744 
29.499 
29.  546 
29.  280 
29.580 
29. 797 
3).  001 
29.  .361 
39.016 
29.515 
29.  637 
29.843 
30.015 
29.511 


a 


29.617 


29. 6.53 
29.156 
29.196 

29.  408 
21>.  576 
29.948 

30.  022 
29. 529 
2*).  113 
30.314 
30.  163 


30. 
29. 


100 
634 


29. 7.55 


30.  0.'i8 
3X  099 
29.412 
2i).  805 
29.  573 
29.  97»; 
2J>.  895 
29.549 
29.  951 
29.2in 
2*1.  758 
29.845 
25.971 
30. 154 
29.743 


29.905 
29.960 
29.  8;M 
29.  793 
29.  4;.»7 
21».  357 
29.  551 
2«».  431 
29.  356 
2i).  229 
29.504 
29.966 
29. 655 
2«».7I3 
29.  827 
29.  739 
29.5:W 
29.  806 
29.  5.39 
2v»..585 
29. 286 
29.515 
29.  7^'8 
29.  988 
29.  6i>7 
29.  063 
29.  :}65 
29.683 
29.676 
30. 107 
29.692 


29.  630 


29.428 
29.  442 
29.050 
29.408 

29.  421 
29.831 

30.  0.5ft 
29. 754 
29.»>4 
29.953 
30.  283 
30.  1.50 
29.  8J4 

29.  965 

30.  176 
29.511 
29.680 
29.712 
29.  982 
2i).  858 
21».  6(54 
29.  838 
2!».  6<)5 
29.  .527 
29.  902 

29.  9.'8 
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the  noTlhern  and  northwestern  lakes  at  Charlute^  New  York. 


VAPOR. 

WIND. 
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10 
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U.  8.  inches  and  decl- 
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Saturation  =  1,000. 
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Reductions  of  the  monthly  meteorological  register  of  the  ssmjf  of 


Date. 


1867. 

Jan.        1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

]6 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

Meant... 


Feb. 


;, 

'  'I 

V 


\ 


1 

o 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 


Barometer  reduced  totem peratare 
of  :W^  Fahr.,  exprf»MM*d  in  United 
StttteM  incben  and  decimal*. 


a 


29.  9m 
2!).  982 
29.  8.^) 
29.  7H:i 
29.  i^i4 
29  276 
29.  5*7 
29.506 
2<».  4.'>4 
29. 2:11 
29.  35:1 
29.881 
29.  8J9 
29.  6(W 
29. 7.15 
29.  920 
29  449 
29.  874 
29.  620 
29.612 
29.  :J29 
29.  491 
29.670 

29. 9tr; 

29. 957 
29.  136 
2i>.  2.39 
2*».7i8 
29.540 
3).  145 
29.813 


29.647 


29.  283 

29.671 
28.941 
2*».  476 
29.:J06 
29.761 
30.069 
29.  9?.> 
29.334 

29.  .584 
30.500 
.30.  203 
29.989 
29.8."»l 

30.  225 
29.  695 
29.  560 
2^).  836 
29.  957 
29.  863 
29.813 
2^).  749 
29.  885 

29.  285 
2i>.  9.35 
2*».  888 

30.  146 
29.  979 


Means 


5 
a 
w 


29.907 
29.  947 
29.855 
29.804 
29.  .3.')8 
29.  373 
29.  567 
29.  393 
29.358 
29.  195 
a^.  .5:10 
3(».  008 
29.  rt06 
29.  748 
29.832 
29.  744 
29.  474 
29.799 
29.499 
29.  598 
29.  248 
29.  475 
29.717 
29.  996 
29.  763 
29.038 
2i».34l 
29.  705 
29.645 
30. 160 
29.  732 


a 


29.627 


29.939 
2}».  952 
29.  897 
29.791 
29.278 
29.  421 
-.9.  5<iO 
29.  293 
29.  2.57 
29.260 
29. 628 
30.0«9 
29.  529 
29. 722 
2i).9l5 
29.5,54 
29.  ft>4 
29.744 
29. 499 
29.  546 
29.  280 
29.580 
29.  797 
3i».  001 
29.  :}6l 
39.016 
29.515 
2i>.  6.37 
29.  843 
30.015 
29.511 


S 


29.905 
29.960 
29.  8;M 
29.  793 
29.  427 
29. 357 
29.  551 
29.431 
29.356 
29. 229 
29.504 
29.9ti6 
29.655 
2*^.713 
29.  827 
29.7:19 
29. 5:J9 
29.806 
29.5:?9 
29.585 
29.  286 
29.515 
29.  7^8 
29.  988 
29.  6y7 
29.  063 
29.  :J65 
29.683 
29.  676 
30. 107 
29.692 


TEMPERATURK— FAHRKNHEIT. 


Wetbnlb,  or  i  Dry  bulb,  or  tem- 


point  of 
eyaporation. 


peratnre  of  the 
open  uir. 


a 


B 
0. 


24 

20 

17 

20 

24 

'23 

17 

1 

0 

9 

10 

1 

2 

3 

-13 

-20 

6 

•  4 

-  2 

-  3 
7 

II 
16 
25 
22 
30 
17 
9 
16 
-23 
15 


25 
21 
2'» 
25 
32 
25 
14 
11 
13 
13 
16 
10 
6 
6 

-  2 
13 

9 
1 
2 
14 
12 
22 
23 
26 
25 
31 
18 
16 
10 

-  2 
24 


E 
d 

o 
20 

17  i 

17  I 

26  I 

31  t 
o.-> 

7 
4 

14 
12 

14 

-  5 
I 

-  8 
-15 

11 
10 

1 

5 

7 
10 
19 
25 
2J 
25 
26 
12 
19 

5 

-  8 
31 


S 

si 


E 
d 


28 


29 


22  24 

19  23 

22  29 

29  ;  37 

25  '  28 

19  J6 

3  14 

3  17 

12  !  17 

14  I  20 

2  13 


S 

« 

a 


4 

5 


9 
9 


10  1-  I 

-16  17 


8 

-  0 

-  I 
9 

14 


11 
3 
5 
18 
14 
26 
20  !  27 
28  30 
25  i  29 
32  I  33 


21 
11 
18 


21 
19 
13 


-20-0 
19  28 


23 

20 

20 

.30 

.33 

26 

10 

7 

18 

15 

17 
.  2 

10 

-  5 
-11 

14 

13 

2 

9 

10 

13 

22 

29 

28 

30 

29 

16 

21 

8 

-  5 
34 


.  I 


29.617  29.630  09.015.312.4  11.7  18.6  15.6 


26.7 
22.0 
20.7 
27.0 
.33.0 
26.0 
15.0 
08.0 
12.7 
14.7 
17.0 
04.3 
07.7 
03.0 

-07.3 
05.0 
10.7 
01.0 
04.7 
09.0 
12.  0 
20.7 
25.3 
28.7 
28.0 
31.3 
19.3 
17.0 
1:10 

-08.3 
27.0 


29.  450 
29.  499 
29.013 
29.540 
21>.  .3MI 
29.  783 
:J0.  060 
29.  799 
29.234 

29.  962 
.30.  185 

30.  147 

29.  848 
2i).  986 

30.  20t 
2!).  425 
29.  675 
29.  728 
:i0.014 
2fi.8i5 
29.631 
29.  8 '8 
»).  639 

29.  .52 ) 
2*>.  926 
29.921 

30.  173 
29.*;63 


2;>.  6.53 
29.156 
29.196 
29.408 
2l>.  576 
29.948 
30.022 
29. 529 

29.  113 

30.  314 
30.  163 
30.  100 

29.  634 

30.  058 
3).  099 
29.412 
29.  805 
29. 573 
29.  976 
29.  895 
29.549 
29.  951 
29.291 
29.  758 
29.845 
2.5.971 
30. 154 
29.743 


29. 

29. 
29. 
29. 
29. 

2".). 
3»). 


428 
442 
050 
408 
421 
831 
O.5A 
29.  754 
29.294 

29.  953 
30. 283 

30.  1.50 
29.  824 

29.  965 

30.  176 
29.511 
29.680 
29.712 
29. 982 
29.  8.53 
29.  6(hl 
2'.».  8.38 
29.  605 
29.  .527 
29.  902 
29.  9  J8 
.30.  1.58 
29.  82J< 


38  .34 

14  24.5 
34   34 

22  '  33 

23.5  35 

22  ■   36 


34 

41 


42 
39 


28  42 

25  !  18 
:^2  36 
31  I  24 

26  '  27 

29  27 
33  25 
43  37 
29  I  44 


8-2 
12  I  20 
31.5  :J5  , 
42  44  I 
37  32  ! 
14   23 


8 
27 


U 
15 


36 
34 
2.3 
15.5 
13 
17 
20 
8 
36 


37.5 
31 

30 
15  i 
19  I 

27 

25  I 

30  ' 

32 


13  20.5 
10  24 
24.  5 
35 


00 

19 


34  34 
44   46 

24  40 
19  1  16 
36  '  40 

31  '  37 

25  1  25 
12  '  18 
12  '  15 
24  21 

8  2:< 

32  ill 
23  38 
16  15 
21  1  12 
-m)     26 


38 
29 
37 
37 
26 
38 
4) 
50 
42 
0 
24 
40 
50 
35 
26 
41 
38 
32 
18 
22 
31 
28 
32 
.35 
24 
2r^ 
29 


31 
28 
35 
33 
29 
31 
36 
45 
31 
11 
30 

:jo 

48 
27 
23 
40 

•^ 

15 
16 
26 
10 
35 
27 
19 
28 
23 


34  -22  43  38 


29. 776  29.  7.55 


29.  746  I  29.  759  ^23.  71-28.  8  26.  0  26.  6  22. 6,29.  1 


37.0 
25.0 
36.0 
31.3 
27.3 
32.0 
33.7 
44.0 
3<».0 
ir7.  3 
23.  0 
37.0 
48.0 

:i4.o 

21.7 
40.3 
36.0 
28.3 
17.0 
17.7 
26.0 
20.3 
26.0 
3.3.3 
19  3 
22.7 
26.0 
34.3 

29.4 


S 

s 


15.3  37 


43 
30 
38 
37 
32 
38 
41 
50 
45 
29 
30 
40 
50 
46 
27 
42 
40 
32 
26 
22 
31 
29 
35 
38 
26 
.12 
.30 
44 


E 

s 

£ 


g  'i 


29 
25 
25 
3> 
37 
32 
25 
16 
18 
17 
21 
20 
10 

9 

4 
18 
14 
10 

9 
18 
14 
26 
29 
30 
31 
33 
28 
21 
20 

4 
34 


18 

16 

13 

11 

24 

21 

5 

4 

5 

6 

7 

8 

-12 

-11 

-19 

-27 

L,i 

-  8 

-U 

3 

8 

14 

23 

20 

25 

10 

5 
2 

-32 
-12 


26 
10 
30 
21 
17 
23 
20 
33 
28 

-  4 
0 

2-5 
35 
2:1 
10 
17 
30 
20 
18 

7 
10 

7 

-  6 
24 

9 

8 
18 


VJLPOB. 


eiaatidtj.in  V.  8 
tDchesiuiddeci- 
maU. 


a 


Ee    ■    - 

d      d     ? 
8«       ct   '  S 


083 

v^r> 

071 
0t5 
072 

|iX) 

071 
02:1 
010 
031 
023 
•  34 
025 
IS7 


034 
014 
L)I7 
015 
037 

i»:r7 

044 

irt» 

084 
IM 

049 
m.J 

C67 

I 
. . .  -I 

052 


089 
07& 
(J74 
089 
116 
100 
059 
037 

044 
UM 
023 
023 
t28 
fCtl 
U43 
02:j 

014 
(ii7 
052 
072 
078 
095 
689 
151 
0<i5 
a'i6 
034 
017 
083 


0:4.082! 

,  o»i«:).oep; 

,095.C» 

.151-113 

Ci72.09l 

026.05* 

,018.03 

,  mr: .  02; 

(Ml.  035 
048 .  iJ* 
....  034 

.026.025.; 

(HSi 

... ■.()». 
037. 03i 
O34.O37J 
034.021 

uio.oui 

026.0361 
U34.041i 

066.067, 
078.084 
106.134' 
()2J».0t^ 
08i).0&.t 
O2l.04lt 
.....017! 
139.091: 


-32  '.053.  058. 058. 0» 


117.144 
a37 .  08») 
170,  157 
C)95 .  i:i6 
112.  l¥W 
086. 165 


119.177 

h<\.  an 

142. 15^ 

151.  ler 


084 
157 


IfiO 
162 


11    . 


3J ;-  n 


218'.  11>9 
028.017 
041  .Oti2 
14.5.  139 
215.2119 
181.  142 
059 .  089 
160. 179 
111.  144 
100.  144 
059.a-i2 
056 .  069 
049 .  lOi 
074  .  100 
'r2^.  144 
186.  142 
05r; .  070 
046 .  083 
072.180. 
06H .  100, 


09? 

131; 
19C" 
185^ 
0-J4 


.  1(16 

.137 

.149 

.251 

.1:17^ 

.028 

.  11.1.07? 
144.  m. 

.2:«.2a) 

,  095. 139 

.058.06?, 

,  16tr.  16ti; 

. 151.151 
100.115 
(>4l.05i; 
029.051. 
106.085 
04«i.07I 
142.105' 
078*.  135 
05r;.06I 
083.071 

074.075 
144'.  104; 

113.112 
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the  northern  and  northwestern  laket  at  SacketCs  Harbor,  New  York. 


VAPOR. 


Hamidity. 
SataruUoa  =  1,000. 


S 

d 


.513 

.721 
.692 
.721 
.449 
.746 
.692 
,460 
.193 
.418 
.280 
.718 
.480 
.500 


.553 
.  345 
.393 
.369 
.  uotj 
.457 
.412 
.655 
.622 
.794 
.431 
.596 
.682 

".'525' 


• 

a 

• 

a 

• 

0, 

04 

a 

.556 

.598 

.610 

.556 

.598 

.  551) 

.556 

.569 

..527 

.800 

.  6.15 

.515 

.659 

.377 

.457 

.3(18 

.3M 

.371 

.35J 

.475 

.412 

.509 

.4:w 

..356 

.377 

.356 

.683 

.350 

.4.57 

.  ri9G 

.438 

.460 

.718 

.  2.'>3 

.146 

.371 

.377 

.635 

.438 

.515 

.584 

.  5i9 

.556 

.569 

.433 

.556 

.465 

.800 

.66.) 

.570 

.  327 

.541 

.712 

.4.38 

.aw 

.393 

1 

.513 

.712  1 

.536 

.458 

.661 

.628 

..371 

.  498 

.802 

.712 

.738 

.619 

.761 

.574 

.587 

.719 

.622 

.645 

.712 

.450 

.756 

.744 

.398 

.393 

.475 

.483 

.756 

.557 

.691 

.581 

.  732 

.698 

.659 

.634 

.645 

.695 

.712 

.628 

.746 

.794 

.602 

.525 

.648 

.584 

.431 

.582 

.598 

.655 

.398 

.794 

.811 

.698 

.648 

.547 

.610 

.543 

.515 

.503 

.584 

.357 

.631 

.6J1 

.495 


.685 
.655 
.698 
.800 
.665 
.788 
.705 
.841) 
.788 
.398 
.675 
.628 
.704 
.&14 
.467 
.645 
.800 
.6.55 
.475 
.327 
.754 
.582 
.698 
.529 
.541 
.543 
.598 
.628 


.512 


.658 
.508 
.7.37 
.719 
.667 
.698 
.657 
.667 
.763 
.396 
.544 
.647 
.6.59 
.691 
.587 
.662 
.710 
.732 
.5.34 
.520 
.589 
.612 
.630 
.679 
.579 
.565 
.505 
.523 


WIND. 


Direetion. 
From  whence. 


a 
ee 

a 

« 

es 

S 

r* 

.566 

sw .  . 

.629 

Calm . . 

.615 

S 

.615 

S 

..592 

SE... 

.6:i9 

NVV.  . 

.576 

N 

.408 

Calm.. 

.305 

Calm.. 

.414 

.NE  ... 

.4.J0 

NE  ... 

.578 

NE  ... 

.404 

IN  Ej   ... 

.428 

NE  ... 

.683 

NE  ... 

.404 

NE.  .. 

.529 

NE  ... 

.508 

N 

.264 

W.... 

.372 

E 

.547 

NE  ... 

.519 

Calm.. 

.499 

W  .... 

.552 

NW. 

.548 

C^lm.. 

.753 

S 

.443 

W  .... 

.616 

NVV... 

.485 

W.... 

.393 

NE  ... 

.593 

S 

a 

p. 
01 


sw... 

NE  ... 
SW  .  - 
W  .... 
NE  ... 
Calm.. 

S 

Calm.. 

8 

NW.  - 
S 

o    •  •  •  «  • 

S 

8  .... 
NE  ... 
•S  ■  - .  • . 
SW  .  . 
NE  ... 
NE  ... 
NE  . . . 
NE  ... 
SW  .  . 
Calm.. 
W  .... 
NE  ... 
NE  ... 
NW... 
Calm.. 


NW.  . 

S 

8 

S 

k)    .  .  .  .  . 

NW.  . 

NW.  . 
Culm . . 
SW  .  . 
NR  ... 
NW.. 
NW.. 
NE  ... 

N 

NE  ... 

o    -   .  .  .  . 

NE  ... 
NW... 
W  ... 
NE  ... 
NE  ... 

S 

W  .... 
NW  .  . 
Ski. . . . 
S 

w.... 

w .... 
w .... 
Calm.. 
8 


6 

a. 


Velocity,  in 
milex,  per 
hoar. 


Calm. 
S  .... 
Calm- 
8  .... 
S  ... 
NW 
NW  . 
Culm. 
Calm. 
NE  .. 
Calm. 
N  . . . . 
NE  .. 
Calm. 
Calm. 
NE  .. 
N  ... 
NVV. 
W  ... 
NE  .. 
NE  .. 
W  ... 
W  ... 
NW. 
Calm. 
SW. 
W  .. 
SW . . 
NW. 
Calm. 
S  .... 


a 

si 


4 

0 
4 

4 
4 

12 
4 
0 
0 

12 
2 
2 

12 
2 
2 
4 

12 
2 
2 
2 

12 
0 
4 
4 
0 

12 

25 
4 

35 

») 


a 

d 


636     .623 


W  .. 

NE  . 
SW 
8  ... 
NE  . 
SW 
8  ... 
S  ... 
SW 
NW. 
s ... 
8  ... 
8  ... 
NE  . 
NE  . 
8  ... 
SW 
NE  . 
NE  . 
NE.. 
NE  . 
W.. 
S  . .  • 
w .. 
NE  . 
SW 
NE  . 
S  ... 


W  ... 

NE  -. 
SW  . 
NE  .. 
S  .  ... 
SW  . 
8.... 
Calm. 

N 

NW.. 
8  . . . . . 
Calm.. 

8 

NE  .. 
NE  ... 

8 

W  .... 
NE  . . . 
NE  ... 
NE  ... 
NE... 
Calm., 
o  . . . . . 
NW.. 
NE  ... 
SW  .  . 
Calm.. 
Calm.. 


12 
2 

12 
4 

12 
0 
4 
0 

12 

12 
4 

12 
4 
2 

12 
4 

12 
2 
2 

12 
2 
2 
0 

35 
4 
2 
2 
0 


4 
2 

12 
4 
4 
4 
4 
0 
2 
4 
2 
2 

12 
4 
2 
2 

25 
4 
4 
2 

25 

2 

2 

4 
o 

12 

12 

4 

12 

0 

4 


12 

4 

12 

4 

2 

2 

4 

4 

2 

12 

25 

2 

12 

4 

12 

.35 

25 

2 

4 

4 

4 

12 

12 

25 

2 

2 

4 

12 


a 

a 


t,  o 

O  J3 

S  « 

OB 


0 

12 

0 

2 

12 

2 

2 

0 

0 

2 

0 

2 

25 

0 

0 

4 

4 

2 

4 

12 

4 

4 

2 

2 

0 

35 

12 

35 

4 

0 

12 


1.0 
4.7 
5.3 
3.3; 
6.3 
6.0; 
3.0I 
0.0; 

0.7; 

6.0 
0.9 
1.6' 
1.5.3 
2.0 
1.3, 
2,3' 


13 
2 

;  3 
,  5 

13.7 

!  1.7 
i  *>  7 

I  3.3 
0.7 

!l8.0 
16.3 

il2.7i 

16.7 

0.7 

6.7 


I 


2 

25 

12 

12 
o 

4 
2 

0 
12 
12 
25 

0 
25 
12 

4 
25 

4 

4 

4 
o 

2 

0 

:» 
4 

2 
4 

0 
0 


0.9 


8.0 

10.3 

12.0 

2.0 

4.0 

2.0 

3.3 

1.3 

0.7 

12.0 

18.  0| 

4.7i 

13.  7 

5.0, 

9.3 

21.3; 

13.  3 

2.7 

3.3 

6.0 

2.7 

4.7 

15.7 

20.7 

2.7 

1.3 

1.7 

4.0 


a 
o 


a 
I 


Amount  of 
clondiness, 

(0=clear 

»ky.) 
(10=8ky  en- 
tirely  over- 

caHt.) 


8.  67  W. 
South .. 
South.. 
South.. 
8.  8  E.. 
N.45W. 
N.27W. 
Calm  .. 
8.45W. 
N.45E 
Nor  lb-. 
North . . 
N.  45E 
N.  13E 
N.45E. 
N.58E. 
N.41  E. 
N32W. 
Went  .. 
N.49E 
N.45E 
8.  67  W. 
Went .  . 
N.45  W. 
8. 45  E 
8.  27  W. 

WlHt  -  . 

S.  55  W. 
N.87  W. 
N.45E 
South . . 


8. 69  W. 
N.45E 
8. 45  W. 
N.45E 
N.50E 
S.  45  W. 
South . 
South . 
S.  45  W. 
N.45  W. 
South . . 
South  .. 
South  . . 
N.49E 
N.  45  E 
South  . . 
8.  49  W. 
N.45E 
N.  45  E 
N.45E 
N.  45  E 
8.  84  W. 
South  . . 
N.88W. 
N.45  E. 
8.  45  W. 
N.  16E 
South  . . 


2.  4   S.  24  W 


10     10 


a 


N.77W.    7.7   7.0 


10  I  10 


7.5 


7.2,  6.3 


.02 


.22 


.02 


.12 


3.0U 
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Reductions  of  the  monthly  meteorological  register  of  the  sumff  i\f 


Date. 


1867. 
March 


1 
2 
3 
4 
5 

6 

•» 
t 

8 

9 

10 

11 

1-2 

1.1 

14 

15 

16 

17 

18 

la 

20 
21 
22 
2:j 
24 
25 
26 
27 
28 
29 
.TO 
31 


Barometer  reduced  to  temperature 
of  :I2^  Ftthr., expieM^ed iu  United 
States  incheH  and  decimaU. 


MeADS. 


AprU      1 
o 

3 
4 

T) 

6 

7 

8 

0 

10 

11 

12 

13 

14 

15 

J6 

17 

18 

11) 

20 

21 
oo 

2.3 
24 
25 
26 
27 
28 
29 
30 

Means 


B 


a. 


29.633 

29.  08.5 
29.  8i»9 
2l».  .'>:J7 

29.  iHJ8 

30.  245 

29.  822 

30.  207 
:10.037 
29.  898 
29.  647 
29.  70t) 
21*.  655 
2i*.  8:J4 
3).  098 
3:».  148 
29.  409 
29.  0.57 

29.  947 

30.  192 
:W).  087 

29.  84.5 

30.  018 
29.  924 
29.  r.H) 
30.048 
29.639 
29.419 
29.  473 
29.385 
29.  422 


29.160 
29.275 
29.  944 
21>.  692 
29.  2.55 
21>.  348 
29.  470 
29.775 
29.  991 
2«>.  702 
29.  485 
29.587 
29.715 
29.  986 
29.  635 
29.  445 
29.  5'i] 
29.  870 
30.016 
29.  576 
29.418 
29.  .3.% 
29.677 
29.  979 
29.  884 
29.  798 
29.431 
29.  964 
21^  834 
2i».  583 


29.  43;j 
29.287 
29. 8«>9 
2l».  559 

30.  COO 
30.  228 
29.711 
30.  208 
29.  980 
29.652 
29.  792 
29.547 

29.  552 
29. 889 

30.  116 
29  961 

29.  37.3 
2i>.  715 
20.  965 
30.185 

30.  (K>2 
29. 834 
29.981 
29.813 
29.  801 
29.  952 
29.631 
29.  440 
29.378 
29.315 
29.  479 


29.794  I  29.762 


29.112 
2I».417 
2i).914 
29.  46:J 
2l».  193 
29.507 
29.556 
29.  602 
2il.  97.3 
29.  5.34 
29.  577 
29.  596 
29.  787 
29.884 
29.  544 
29.  362 
29.  575 
29.918 
29.  8:J9 
29.381 
29.480 
29.  231 
2i).770 
29.885 
2V).  935 
29.  724 
29.611 
29.  942 
29.778 
29.535 


a 

d 


B 

e 


29.117 
29.711 
29.  72' » 
29.  782 
.30.  091 
:jo.  o:ft> 
29.981 
3U.  149 
29. 5^5 
29.  407 
2i).  8:J9 
29.  (i;J.3 
29.  5.38 
29.  9.55 
30. 1(9 
29.781 
29.  :J83 
29.  7.57 
3!).  076 


30. 
29. 

29. 
29. 


143 
854 
944 
916 
29. 662 
29.917 
2i).85l 
29.  431 
29. 4:i8 
29.353 
29.  275 
29.  432 


29.394 
29.  361 

29.  829 
29.626 
30.021) 
.31).  171 
29.838 

30.  1H8 
311.001 
29. 652 
29.  7.56 
29  627 
29.582 

29.  893 

30.  1(8 
29. 96.3 
29.  :J88 
29.  710 

29.  999 

30.  173 
29.981 
29.  874 
29.  9b2 
29.  800 
29.816 
29.  950 
29.  567 
29.  432 
29.  401 
29.  325 
29.444 


29.  752  I  29.  769 


29. 1.53 
29.  662 
29.  842 
29.  4.52 
29.  155 
29.  485 
29.747 
29.  800 
29.  8.32 
29.380 
29.  572 
29.  529 
29.  850 
29.  783 
29.512 
29.  325 
29.  (>.38 
29.981 
29.716 
^J.  255 
29.  4.56 
29.  4(.'6 
2i).891 
29.819 
29.821 
29.  5.5:J 
•29.  744 
29.873 
29.  746 
29.  452 


29. 142 
29.  451 
29.  9.  0 
29.  536 
29.  201 
29.447 
2i».59l 
i9.726 
29.  93? 
29.539 
29.  545 
29.  571 
29. 784 
29  851 
29.  .5<;4 
29.  377 
29.  571 
29.  ;»23 
2i».  857 
29.4m 
29.  451 
29.  :i24 
29.  77J) 
29.  894 
29.  880 
29.  692 
29.  595 
29.926 
29.  786 
29.  523 


29.644  '  29.621     29.611  !  29.  6;.'5 


TEMPERATURE— FAUREXHKIT. 


Wet  bulb,  or 

polut  of 
eraporHtioo. 


a 


a 

d 


23 

37 

4 

19 
17 
10 
21 
8 
21 
25 


32 
30 
16 
20 
.33 
28 
29 
.3) 
33 
40 


.35     .35 


:J2 

30 

9 


34 
35 

2:1 


15  I  23 
13  I  28 


20 
15 
10 
10 


32 
33 


a 


41 
13 
17 
17 
19 
21 
20 
17 
32 
40 
.32 
31 
23 
14 
20 
24 
22 
20 
20 
23 


Dry  balb,  or  tem- 
perature of  the 
open  air. 


B 
d 


27 
41 
6 
21 
21 
13 
23 
10 
25 
28 
39 
35 
32 
12 
17 
17 
2.3 
17 
14 
12 


20  36 
29  '  35 


24 

a3 

36 
21 
24 


3d 

40 
,37 
28 
29 


23  32 
3:i 
•33 
42 


:jo 

32 


21.5  31.3  26.4 


.36  !  23 

32  I  3i 

35  28 

.39  38 


29 
26 
24 
28 
32 
.34 

:18 


.39 
24 
28 
26 
25 
32 
36 


36 
32 
18 
22 
.37 
32 
31 
.3,3 
38 
47 
40 
38 
38 
1  27 

^ 
31 

34 

25 

35 

37 

42 

40 

42 

47 

42 

31 

31 

35 

34 

38 

47 


40 
37 


41 
36 


32  38 

37  i  49 

aj  35 

28  35 


37 
34 
34 
30 

30 


40 
41 
:J9 
39 
33 


32.5   42 
31  35 


31 

50 
56 


49 
60 
53 


42  ,  46 
:)8  I  43 
31   49 


48 
40 
40 


60 
45 
.39 


.35 
34 
34 
36 
34 
34 
36 
35 
34 
37 
3:1 
38 
36 
50 
54 
48 
42 
40 
45 
48 
40 


24.6  35.0 


43  43 


39 
34 
41 
36 
31 
43 
37 
37 
32 
32 
35 
33 
3:1 


40 
41 
57 
38 
39 
45 
45 
43 
44 
37 
48 
41 
57 


57  !  67 

59  56 

46  ;  54 

41  47 


32 
54 
43 


31  35.5 

31   43  i 
3.5.  .i  40  I 
42  i  5.3 


37  I  42 
32  33 


44 

27 
37 

48 


39 

44 

56 


38 
39 
46 
30 
.35 
44 
56 


33 
39 
46 
48 
29 
41 
52 


54 
68 
49 
42 
38 
46 
44 
60 
43 
45 
51 
59 


36. 6  43.  239.  4 


47 
16 
20 
20 
23 
14 
23 
20 
34 
44 
.35 
:o 
26 
17 
23 
27 
25 
22 
24 
26 
41 
35 
.39 
43 
31 
29 
27 
30 
35 

:« 

42 


29.7 


38 
38 
37 
38 
37 
:J7 
40 
38 
37 
39 
37 
49 
40 
57 
.58 
52 
47 
43 
49 
53 
44 
39 
35 
40 
44 
53 
32 
38 
47 
59 


B 

ca 


36.7 
29.7 
14.7 
21.0 
27.0 
23.0 
25.7 
21.0 
:«.3 
39.7 

:«.o 

3.5.3 

32.0 

18.7 

22.0 

25.  0 

27.3 

21.3 

24. 3 

25.0 

35.3 

35.3 

36.3 

42.7 

37.3^ 

28.  0 

28. 

30. 

31. 

.36 

41. 


7 
3 
3 
3 

7 


29.8 


41.3 
39.0 
37.3 
45.3 
37.0 
35.7 
42.7 
40.0 
39.0 
38.3 
35.3 
44.0 
38.0 
49.0 
60.7 
55.7 
49.0 
43.7 
45.0 
58.3 
45.3 
41.0 
35.3 
39.7 
42.3 
53.0 
41.0 
37.3 
46.3 
56.7 


e 

;5 


« 


47 
45 

20 

2t; 
:r7 

32 
31 

35 

38 
47 
43 
38 
38 
27 
27 
31 
34 
25 

a5 

37 
43 
41 
43 
47 
43 
.33 
31 
37 
.36 
39 
47 


5 

9 

a 

*B 


-  I 


21 

15 

-  0 

15 

14 

I 

18 
4 

10 
23 
32 
29 
23 
5 
9 
10 
17 
12 
8 
1 
15 
27 
25 
33 
28 
19 
22 
21 
19 
27 
31 


47  '-  0 


46 
44 
42 
57 
39 
39 
46 
46 
44 
45 
39 
49 
44 
60 


34 
33 
28 
32 
32 
27 
33 
33 
32 
28 
29 
30 
31 
30 


68  I  52 
64      48 


54 
48 
56 
69 
53 
44 
40 


41 
36 
31 
45 
39 
36 
30 
47  ;  28 


48 

61 
53 
46 
53 
61 


40.0  48.0  43.2   43.7     69 


35 

:w 

30 
22 
30 
44 

22 


VATOR. 


EUMticitj.ioL..S. 
inches  and  deci- 
maU. 


OE 


a 


B   1  a 

.   d     J 

C»        SI       «^ 


.  078i.  129 
.  I6«? .  144 

.  a3o;.  067 

.  080 .  08.5 
.  049 .  136 

.  u:h.  108 

.  09/ .  137 
.  04H  132 
.067.123 
.  ItOj.  156' 
.  152.139. 
.142'.  144. 
.144.165. 
.031.078. 
.  0»i3 .  089 . 
.\m\.  119. 
.074,.  155. 
.0<i;J.084. 
.023.142. 
.  046 .  13»; . 
.074.  134. 
.1.37.1.39. 
.  083 .  177 . 
.  123;.  156,. 
. 173.  155. 
.079.  1191. 
.  Oe3 .  137 . 
.  Q^S.  142-. 
.084.1.55. 
.144.121. 
.121*.  202. 


087 


.  179.1» 

.044.119 
.060.ltt2 
.  ueo .  I'TJ 

.t/r9.(T4 

.1/74.100 

.060. or: 

.15.5.115 
.19^.13(1 
AA'XM 
A'A.m 
.0-9.133| 
.(>4t>.Ct55!! 
.(74.0Ti 

.oi«5.oe? 

.(e4.H'4, 
.(J^i.iTT; 
.O^i.^o:^i 

.147.0!^ 
.  14i.l39j 

.i5e.i-'n| 

137.  lii 

Kie.ioi 

095. l«i 

ijoiao 

14:J.  1^ 
1:11.133 

177. ie> 


.  132.  lll.llW 


.208. 
.  11M|. 
.155. 
.168'. 
.  149,. 
.  I19i. 
.142. 
.  iot\. 
.  157|. 
.144 
.  144 
.  152 
.  151 
.  151 
.268 
.  409j. 
.  21.5 
.  19U!. 
.1621. 
.256. 
.20t«. 
.2^.M, 
.  151. 
.151. 
.  162. 
.215. 
.236. 
.  124 . 
.  16e. 
.282. 


231  i.  165.  ill 
160.144.1^ 


190 
242 
165 


1.57.167 
.186.W 

157.151 
152.1.57.14:1 
182. 160.  lei 
2a5'.  16.5.170 
186.157.1C7 


173 
136 

189 


1.194.170 

;.1J6.1» 

1961.160  14*^ 
242|.286.»^ 
425.  365.353, 
363.'^e.3K 
206.2  2  a» 


.2f  iW 

.247.2» 

.af».3!2 

.19J.il7 

194.316 

142.  IK 

aB.is^ 

173,.  177 

186|.  144,  IS> 
l«>.ld5.14(J 
196:.24?.*3)4 
a^K4(».3S7 


225 
282 

411 

247 

199 

175^ 

238 

195 

31" 


l87.2a?.li».aM 
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ike  northern  and  northwestern  lakes  at  SacketVs  HarboVf  New  York. 


VAPOR. 

WIND. 

Amount  of 

cloudinemt. 

(0  =  ch'ar 

sky.) 

(10  =  sky  en- 
tirely over- 
ca»t.) 

Amount  of  evRporatlon,  in 
U.  8.  iochen  and  deci- 
mal h. 

i:  Si 

B  — 

Humidity. 
Saturation  =  1,000. 

1 

• 

a 

Direction 
Dm  when 

• 

S 

• 

a 

ce. 

• 

S 

• 
Oi 

S 

NE  ... 
NE    .. 
Culm.. 

S 

NE  ... 
Calm.. 
Calm . . 
Calm.. 

S 

Calm.. 
NE.  .. 
SW... 
NW.  . 
SW... 
NE  ... 
SW... 
W.... 
Calm.. 
NE  ... 

E 

N 

Calm.. 
S  •  .... 
NW.  . 

N 

NE  ... 

N 

SW... 
SW... 
SW... 

Velocity,  in 
niileH,  per 
hour. 

Is 

&s 

ao 

10.7 
3.3 
1.7 
2.0 
2.7 
4.7 
0  0 
4.3 

16.0 
2.0 
2.7 
9.0 
9.3 
2.0 
2.0 
1.3 

12.0 
0.7 
1.7 
2.7 
6.0 
0.7 
6.0 
8.0 
6.7 
6.0 
2.3 
8.0 

Ib.O 
5.3 

1.6 

17.3 

20.7 
1.7 
3.3 
4.0 
4.3 

13.0 
0.7 
1.3 
1.7 

12.7 
1.3 
9.3 
4.0 
6.7 

11.7 
1.3 
9.3 
0.7 

13.7 

13.0 
6.0 
2.7 
1.3 
2.0 
9.3 
4.0 
1.3 
9.3 
8.7 

2.6 

1 

t 

i 

0-' 
e 

S 

• 

3 

d 

• 

6 
d 

.554 
.  492 
.556 
.556 
.467 
.610 
.598 
.556 
.792 
.677 
.698 
.800 
.634 
.509 
.598 
.614 
.622 
.721 
.483 
.6:14 
.567 
.698 
.6:36 
.669 
.788 
.  665 
.641 
.782 
.698 
.547 
.661 

i 

B 

m 

a 

4 
4 
4 

0 

3 

0 

12 

0 

2 

2 

4 

2 

0 

4 

2 

0 

12 

12 

0 

2 

4 

4 

2 

2 

12 

12 

4 

2 

12 

4 

2 

• 

S 

• 

« 

2 
35 
2 
4 
4 
4 
2 

0 

12 

12 

2 

4 

2 

12 

4 

2 

4 

12 

2 

2 

2 

12 

2 

4 

12 

4 

12 

4 

12 
25 
12 

• 

S 

« 

c. 
s» 

12 

12 

4 

0 

2 

4 

0 

0 

0 

35 

0 

2 

25 

12 

2 

4 

12 

12 

0 
o 

2 
2 
0 

12 
4 
4 
2 
2 
4 

25 
2 

• 

S 
d 

9 

10 

0 
10 

9 

8 
10 

U 
10 

9 

7 
10 
10 

3 

8 

6 
iO 

5 

0 

0 

9 

8 

9 
10 
10 

0 
10 

7 

0 

8 

0 

6.6 

10 
10 

0 

9 
10 

5 

8 
10 

0 

7 
10 

0 

8 

3 
10 
10 
10 

0 

8 

9 
10 
10 
10 
10 

9 

0 
10 

0 

7 
10 

7.1 

• 
• 

B. 
C» 

8 

8 

9 
10 

8 

7 
10 

3 
10 
10 

5 
10 
10 

4 
10 
10 
10 

6 

1 

0 

8 

6 

8 

9 

4 

4 
10 

5 

.5 

0 

7.  1 

10 

5 

0 
10 
10 

(> 

4 

10 

4 
10 

2 

5 

4 
10 

8 
10 

4 

3 

9 

8 

5 
10 
10 
10 

4 

o 

10 

0 

10 

10 

6.6 

• 

S 

• 

a. 
10 

:j 

10 

10 

0 

10 

1 

4 
10 
10 
10 
10 
10 

5 

4 
10 

8 

5 

0 

2 
10 

7 
10 
10 
10 

2 
10 

0 

9 
10 

0 

a8 

10 

8 

8 
10 
10 

6 

2 
10 

0 
10 

0 

0 

7 

9 
10 
10 

5 

0 

6 

6 

6 
10 

0 
10 

0 

1 

0 

0 

8 
10 

5.7 

S  K  ea 

< 

529 

.610 

.794 

.t;82 

.721 
.  619 
.  594 
.7CH 
.7('3 
.537 
.483 
.557 
.628 
.719 
.  529 
.634 
.685 
.792 
.  622 
.698 
.619 
.500 
..•^57 
.661 
.483 
.577 
.685 
.78-^ 
.698 
.  792 
.537 
.  624 

.564 
.646 
.586 
.663 
.  51K1 
.547 
.705 
.614 
.610 
.605 
.  63i» 
.709 
.716 
.485 
.664 
.560 
.671 
.701 
.487 
.621 
.555 
.681 
.613 
.563 
.697 
.653 
.6.58 
.705 
.704 
.626 
.632 

NE.  .. 
W  . .  - . 
NE-  .. 

E 

Cnlra.. 
Calm . . 

E 

Calm.. 

E 

E 

W.... 
NE 

Calm.. 
NW  .  . 
NW.  - 
Calm . . 
NE.  .. 
W.... 
Calm.. 
SB... 
NE  ... 
NE.  .. 
NE.  .. 
S 

sw... 

N 

NE    .. 
NW  .  . 
NW.  . 
8W... 

NE  ... 
W  . . . 
NE.  .. 
NE.  .. 
S    ... 
NE .  . . 
NE  ... 
ChIiu  . . 

S 

S 

w.... 

NI-:.  .. 
SW... 
NW.  . 
SW... 
NE  ... 
SW... 
W  .--. 
SW... 
NE... 
NE.  .. 
NE  ... 
W... 

S 

SW... 

N 

NE.  .. 
W  .... 
W  .... 
SW... 
SW... 

o 

S.  28E 
N.74  W. 
N.  45  E 
N.  6i  E 
Souih. 
N.  45  E 
N.85E. 
Cahu. .. 
S.  9E.. 
S.  3E.. 
WeHt... 
N.  45  E 
8.  45  W. 
N.45W. 
8. 62  W. 
N.45E 
8.45  E. 
WeHt. . . 
S.  45  W. 
N.74E 
N.58  E. 
N.  40  E  . 
N.17W. 
Somh.. 
8.  53  W. 
North.. 
N.45E 
N.58W. 
N.77  W. 
8.  45  W. 
S.  45VV. 

.653 
.520 



.22 

.712 
.431 



.06 

.438 

...... 

.730 

.582 

500 

.08 
.06 

.655 

.6:16 
.698 

.50 

.794 

.418 

.26 

.761 

.35'J 

.598 
.761 
.280 

.06 

.08 

.610 

.598 

.788 

.543 

.537 

.726 
.610 

.2J 

..543 

.631 
622 

...... 

.04 

.794 

.610 



.602 

.612 

.631 

.625 

S.65W. 

1.56 

4 

12 

2 

2 

25 

12 

12 
o 

A* 

0 
0 
4 
4 

12 
2 

12 
4 

12 

25 
4 
4 

12 
2 
2 
2 

12 
4 

12 
2 
4 

12 

1 
1 
1 

.750 

.833 
.  645 
.738 
.521 
.719 
.636 

.a»7 

.684 
.  669 
.  597 
.619 
.  563 
.488 
.521 
.  642 
.8.;9 
.493 
.698 
.674 
.601 
.710 
.744 
.  765 
.767 
.677 
.599 
.669 
.5:13 
.  525 
.761 

.719 
.628 
.712 
.811 
.712 
.712 
.645 
.719 
.712 
.816 
.619 
.214 
.645 
.  ,577 
.756 
.7-27 
.  624 
.  750 
.710 
.667 
.6T7 
.816 
.698 
.820 
.597 
.  514 
.794 
.719 
.772 
.819 

.767 
.696 
.747 
.6<i2 
.712 
.678 
.588 
.  705 
.  6It8 
.  7:J6 
.677 
.518 
.644 
.6.33 
.658 
.785 
.  6  Kl 
.729 
.760 
.  627 
.712 
.796 
.  754 
.796 
.652 
.611 
.  722 
.676 
.650 
.769 

s 

w.... 

NW  .. 

s 

NE.  .. 
NW.. 

o  •     •  •  «  • 

E 

Calm.. 
Calm.. 

N 

S 

NE... 

E 

8    .. 

SW... 
w .... 

w.... 

S 

8W... 

w... 

s 

8W... 
W... 
NW.  . 
W... 

sw... 

NE    .. 
W.... 

s   . 

SW... 
W  .... 
NW.  . 
NE  ... 
SW... 

S 

S 

Calm.. 
Cailm.. 
NE  ... 
W  . . . . 
NE.  .. 
NE  ... 
S .  .... 

s 

NE.  .. 
W  .... 
W.... 
Calm.. 
8 

sw... 

NE... 
W.... 

8 

Calm.. 

8 

N   .... 
Calm . . 
8 

O  •     *  •  •  ■ 

25 

25 

2 

12 

12 

4 

25 

2 

4 

2 

12 

4 

12 

2 

4 

12 

12 

4 

2 

25 

25 

12 

4 

2 

4 

12 

12 

2 

12 

12 

25 

25 
2 

12 

25 
4 
2 
0 
0 
4 

25 
4 
4 

12 
4 

25 
4 
2 
0 

12 
2 
4 
2 
4 
0 

12 

12 
0 

12 
2 

S.  43  W. 
WfHt... 
8.61  W. 
8.  57E 
8.  43  W. 
N.69W. 
South.. 
8.  17  E 
West... 
N.  16E 
N.84  W. 
South.. 
N.  45E 
South . . 
South.. 
N.  5  J  E 
West  . 
N.IOW. 
N.45E 
South.. 
S.  45  W. 
N.45E. 
N.58  W. 
8.57  E 
S.  45  ^V^ 
South.. 
8.45W. 
N.  20  E. 
South.. 
South.. 

.816 
.792 

.32 

.653 

.705 
.685 
.511 

.58 
.26 

.712 

.712 
.794 

.19 

.794 
747 

.60 

.800 

.800 

577 

•'•-X' 

.819 
691 

S 

E 

N   .... 
NE  ... 

8 

SW... 
NE.  .. 
NW  .  . 

E 

8W... 

S 

8 

NE... 

S 

8.   ... 

NE  ... 
W  . . . . 
NW  . 
SW  .. 

s 

SW... 
NE  ... 
NW  .  . 
NE... 
SW... 

8 

SW... 

N 

8 

S 

.12 

.738 

.896 

613 

.750 
820 

.24 

.8iK) 
800 

.48 

.681 
691 

.22 

.704 

.775 

653 

.12 
.16 

.727 

.08 

734 

.651 

.692 

.692 

8.38W. 

3.30 

( 
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Reductions  of  the  monthly  meteorological  register  of  the  svreqr «/ 


Date. 


1867. 

May       1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

.   18 

19 

2) 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

Meana 


Jane 


1 
2 
3 
4 

5 

6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
2:j 
24 
25 
26 
27 
28 
29 
30 


Means 


Barometer  reduced  to  temperatar(> 
of  'Jr^o  Fahr. ,  expressed  in  United 
States  inches  and  decimals. 


29.207 
29..'i7l 
30.  139 
30.  112 
29.651 
29.  6i»3 
2i>.  .573 
29.  .193 
«».  069 
29.  4-  8 
29  543 
29.760 
29.  77ii 

29.  urj 

29.216 
29.388 
29.  .MS 
29.771 
29.  836 
29.675 
29.565 
29.  227 
21>.2!5 
2i).  .'>46 
29.  6()7 
29.  495 
29.  758 
29. 837 
29. 540 
29. 6i;7 
29.700 


S 

p. 

CI 


29.  140 
29.751 

30.  191 
29.937 
29.  578 
29.567 
29.55.3 
29.174 
29.  142 
29.  437 
29.545 
29.782 
29.  602 
29.212 
29.218 
y9.  495 
2*^.  502 
1:9.  785 
29.  772 
29.617 
29.  4(»4 
29.  187 
29  262 
29.  623 
29.  548 
29.  532 
29.  794 
29  699 
2$).  562 
29.  632 
29.815 


B 
at 


29.311 
29.901 
30.  116 
29.785 
29.  580 
29.555 
29.  518 
29.039 
29.228 
29.445 
29  591 
21».755 
29.363 
2tJ.215 
29.231 
29.  5  U 
29.606 
29.765 
29.697 
29.605 
29. 27 » 
29.  166 
29.345 
i.'9.  615 
29. 4 19 
29.580 
2i).  765 
29.6(K) 
29.  .550 
29.  575 
29.777 


29.  567     29.  540     29.  546 


29.849 
29. 5  J4 
29.253 
2('.412 
29.710 
29.696 
29.611 
29.  762 
29.  854 
2*>.9I4 
29.901 
29.699 
29.716 
29.  797 
29.640 
29.  638 
29.774 
29.590 
29.  852 
29.  887 
29.913 
29.  861 
29.771 
29.682 
29.618 
29. 591 
29.  696 
29.631 
29.825 
29.  443 


29.704 


29.792 
29.376 
29.  25.3 
29.518 
29.  746 
29.  620 
29.  660 
29.  761 
2'J.  866 
29.935 
2I>.  848 
29.701 
29.  745 
29.727 
29.  579 
29.  670 
29. 745 
2^1. 603 
29.884 
2i>.  94 1 
29.908 
29.  847 
29.  740 
29.  639 
29.6114 
29.  653 
29.  675 
29. 758 
29.801 
29.342 


29.698 


29.666 
29.314 
29.249 
532 
659 
5J5 
668 


29. 
29. 
29. 
29. 
29. 
29. 
29. 
29. 


752 
857 
854 
716 
29.641 
29.746 
29.618 
29.565 
29.701 
29.  655 
29.614 
29.  817 
29.895 
29.816 
29.751 
21».  673 
29.568 
29.625 
29.676 
29.535 
29.  769 
29.608 
29.355 


29.651 


4^ 


29.219 

29.741 

30.  149 

29.  945 

29.003 

29.575 

29.548 

29.202 

29.  146 

29.430 

29.  560 

29.766 

29.578 

29.  198 

29.  222 

29.  461 

29.570 

29.  774 

29.768 

29.  &32 

29.  414 

29.193 

29.271 

29.595 

29.545 

29.  .536 

29.772 

29.  712 

29.551 

29.611 

29.764 


29.528 


29.769 
29.405 
2<).  252 
29.487 
29.  7U5 
29.614 
29.646 
29.  758 
29.859 
29.  901 
29.822 
29.680 
29.  736 
29.714 
29.  595 
29.  700 
29.  725 
29.636 
29. 851 
29.908 
29. 886 
29.821 
29.728 
29.  6:10 
29.616 
29.  ri40 
29.6:J5 
29.719 
29.745 
29.380 


TKM  PERATU  RE— FAHRENHEIT. 


VAPOR. 


Wet  bnlb,  or 

point  of 
evuportttion. 


6 


51 
34 
29 
30 
43 
51 
42 
44 
42 
36 
42 
42 
54 
41 
42 
40 
43 
46 
44 
44 
48 
45 
41 
50 
48 
41 
4i 
53 
47 
44 
48 


S 
d 


29.684 


44 

36 
3t 
.46 
5() 
50 
46 
44 
46 
46 
48 
50 
48 
45 
44 
48 
47 
50 
50 
58 
49 
46 
46 
61 
47 
49 
52 
54 
48 
45 
48 


S 


40 
31 
32 
45 
52 
44 
43 
44 
41 
44 
42 
48 
45 
41 
40 
42 
43 
45 
47 
54 
47 
42 
45 
56 
46 
47 
50 
52 
48 
41 
46 


Dry  bulb,  or  tem- 
perature of  the 
open  air. 


53 
37 
31 
:^2 
46 
51 
46 
46 
45 
40 
46 
45 
58 
43 
44 
45 
46 
50 
47 
48 
50 
48 
44 
54 
51 
44 
46 
56 
49 
46 
50 


a 

d 


43.  4  47.  6  44.  6  46.  4 


49 
59 
64 
50 
48 
58 
61 
54 
57 
59 
59 
61 
58 
58 
66 
66 
63 
71 
53 
52 
57 
60 
65 
66 
66 
64 
66 
62 
54 
66 


59.7 


59 
66 
57 
55 
57 
66 

7a 

61 
66 
62 
68 
62 
&5 
70 
72 
tiS 
72 
64 

64 
(i9 
69 
71 
72 
78 
66 
70 
66 
64 
70 


66.0 


57 
61 
53 
51 
54 
66 
58 
61 
60 
58 
63 
64 
63 
70 
68 
64 
70 
57 
54 
58 
65 
62 
65 
70 
67 
65 
69 
57 
60 
66 


61.9 


47 

40 

39 

54 

54 

55 

50 

47 

50 

50 

52 

56 

51 

49 

47 

52 

51 

54 

55 

64 

51 

49 

50 

68 

50 

53 

58 

58 

51 

47 

52 


43 

33 

35 

53 

55 

48 

46 

47 

46 

48 

46 

51 

47 

45 

43 

46 

46 

48 

50 

58 

50 

44 

48 

59 

48 

50 

55 

55 

51 

44 

49 


a 


47.7 
36.7 
35.0 
46.3 
51.7 
52.3 
47.3 
46.7 
47.0 
46.0 
48.0 
50.7 
i  52.0 
I  45.7 
44.7 
I  47.7 
!  47.7 
;  50.7 
50.7 
56.7 
50.3 
47.0 
47.3 
60.3 
49.7 
49.0 
51.0 
56.0 
5'J.  3 
45.7 
50.3 


51. 7  4a  0 


59 
65 
68 
53 
51 
62 
67 
58 
61 
64 
63 
66 
61 
61 
73 
70 
66 
75 
57 
57 
60 
66 
71 
71 
70 
68 
69 
66 
57 
72 


64  0 


64 
69 
60 
6U 
62.5 
76 
78 
68 
73 
70 
74 
66 
71 
78 
81 
71 
79 
67 
65 
70 
75 
79 
80 
81 
85 
69 
78 
69 
69 
77 


62 
65 
56 
55 
58 
73 
64 
66 
66 
63 
68 
67 
67 
76 


48.7 


59.3 
66.3 
61.3 
56.0 
57.2 
70.3 
69.7 
64.0 
66.7 
65.7 
68.3 
66.3 
66.3 
71.7 


73  75. 7 
67  I  69.3 
77  74. 0 
60  !  67.3 
60.0 
63.0 
69.0 
71.7 


58 
62 
72 
70 
73 
78 
71 
69 
76 
60 
64 
71 


72.1166.9 


74.3 
76.7 
75.3 
68.7 
74.3 
65.0 
63.3 
73.3 


67.7 


S 

a 

S 
"5 

X 


58 

43 

41 

57 

58 

55 

50 

48 

48 

51 

52 

54 

56 

58 

51 

50 

53 

53 

53 

58 

66 

60 

50 

51 

70 

f9 

55 

61 

62 

55 

55 


70 


66 

71 

70 

60 

64 

78 

78 

72 

74 

75 

75 

68 

71 

81 

81 

76 

82 

77 

66 

70 

77 

80 

81 

86 

86 

72 

81 

76 

70 

81 


S 

s 

a 
a 


Eta«tidty.inU.S. 
iMi-hes  and  deci- 
mals. 


S 

a! 


40 
31 
25 
27 
42 
44 
42 
43 
41 
40 
.36 
34 
34 
44 
41 
40 
40 
43 
44 
45 
39 
46 
4! 
39 
44 
46 
41 

39    .36:1. 

51  '.297. 

^7    .262. 

45  '.309. 


348 

157. 
.  137, 

144. 
.-23^. 

.335. 
.215. 

262. 
.  228 . 
.  160. 
.215. 
.228. 
.365. 
.211. 
.241. 
.  182. 
,238. 
.258. 
.249. 

.;io9. 

.26j. 
218. 
308. 
296. 
218. 
192. 


B 
d 

St 


249.908 

160.15 
,  131  .  142 
192.1i*4 
;Hi8 .  :M9l 
295.216 
2^8 .  23^ 
249 .  249 
258.231? 
258.236 
282.216. 
282. 29«^. 
•.•96 .  273{. 
247 .  2051. 
249 .  2^*' . 
281'.  2 15. 
270 .  23e . 
3u8.2at. 
295. 2S3. 
403 .  365. 
:«l .  283. 
271.241. 
258. 'All. 
443.  40y. 
•28.1 .  284 . 
295.28:i. 
34i9.'2iJ5. 
365.34?. 
29<i.2y6. 
273.21?:. 
282 


8 
6 
i, 

t 


as? 

1J6 

137 
l~i 

m 

237i 

•^' 
^1 

237 
2» 
311 
2S 


271 


2«| 

m 

2751 

335j 
Wj 
257j 
S4.^ 
3if7 
2!SJ 
2& 
26 

•J* 

251 

m 


25  ,.248.280.238L2S2i 


86 


46 

58 

54 

49 

45 

54 

54 

54 

56 

53 

54 

61 

56 

53 

66 

64 

62 

57 

.53 

52 

56 

56 

64 

66 

67 

61 

66 

58 

52 

61 


.3  8 
;.  4-20 
.  543 
321 
.296 
.  42i« 
.  4.57 

.3;5 

,412 
.  4:a 
.447 

.47t» 
.44) 
.443 
..•MS 
.586 
.536 
.714 
.350 
.  3-22 
.426 
.4:» 
.  5:17 
572 

.  doO 

.  543 
.599 
.502 
.378 
.559 


.433.4H.385, 

.  .'i99.48ai.50i^ 
.426.363;.4« 
.3t.7.32ilSK 
.;c»2. 36^.351 
.577.54.>.5l7 
.625.4  4J  4» 

.443. 47a  4» 
.545.438  «i 
.449.416  43S, 
.  604. 5 -y. 559 
.5  2.556i.5>* 

.537.52;r.aH^ 
.623.65;i.5a| 

.663.6iP.» 
.644. 556. S» 
.690.63y.B2 

.556.  4-2. '5e 
,  451 .  3»i.- .3»j 
.516.4*.4« 
.628.524.3»> 
.  .574.44y.tf' 
.6:17.524  3«, 

.663.625.«« 

.599.564  5» 

.625.614 

.509.4^ 

.529.465 

.639.575 


.45r 


45  u466.5«7.4«.50? 
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the  northern  and  northwestern  lakes  at  SacketCs  Harbor j  New  York, 


TAPOR. 

• 

WIKD, 

Amonni 
cluudiu 
(0  =  cl 

i  of 

ear 
► 

Den- 
ver- 

c 

fa 

11 

0 
aOO* 

< 

melted 
.  inches 

Hntuidity. 
SatnratioD  =  1,000. 

Direction, 
From  whence. 

Velocity,  in 
mlltfii,    per 
hour. 

a* 

• 

1 

a 

s 
g 

& 

Hky.] 

(10  =  Hk3 

tirely  0 

cait 

See 

• 

S 

• 

S 

• 

a. 

• 

S 
d 

9> 

■ 

Q 
OS 

• 

a 

• 

e 
d 

CI 

• 

s 

d 

« 

S 

d 

4 

25 
2 
2 

12 
2 
2 
4 
2 
4 
2 

12 
0 

12 

12 

2 

2 

4 

2 

2 
o 

0 
4 
12 
12 
4 
2 
0 
2 
4 
4 

• 
• 

a 

4 

25 

4 

•12 

12 

0 

4 

25 

4 

4 

4 

12 

12 

12 

12 

4 

4 

4 

4 

2 

4 

4 

4 

12 

25 

12 

4 

4 

2 

12 

12 

• 

S 

• 

c. 

• 

e 

• 
OS 

• 
• 

c. 
©1 

• 

B 
d 

6 

0 

0 

10 

10 

10 

10 

10 

10 

4 

3 

0 

10 

10 

10 

6 

10 

8 

10 

7 

10 

10 

10 

7 

10 

0 

5 

10 

10 

10 

0 

7.3 

3 

10 
2 
0 
2 
0 
4 
5 
3 
0 
8 
7 
7 
7 

10 
5 
4 
5 
0 

10 
1 
2 
1 
3 
4 
8 

10 
0 
0 
4 

4.2 

a  ©"O 

< 

.864 
.712 

.788 

.772 
.W5 
.547 
.445 
.738 
.6J?I 
.716 
.772 
.716 
.716 
.727 
.6-27 
.790 
.710 
.772 
.727 
.722 
.7.8 
.681 
.675 
.  859 
.781 
.716 
.647 
.786 
.  7;W 
.641 
.756 
.79> 
.817 
.7-27 

.750 
.  8  10 
.698 
.  483 
.805 
.704 
.767 
.772 
.767 
.704 
.691 
.790 
.847 
.684 
.750 
.691 
.767 
.777 
.786 
.7.->6 
.786 
.836 
.777 
.819 
.850 
.786 
.681 
.805 
.790 
.756 
.781 

.795 
.719 
.678 
.574 
.770 
.729 
.725 
.796 
.748 
.688 
.703 
.7-26 
.798 
.  742 
.786 
.675 
.752 
.744 
.746 
.712 
.834 
.  798 
.75) 
.7:J5 
.81 '9 
.758 
.646 
.790 
.811 
.815 
.788 

W  .... 

N 

NW.. 

S 

8 

S 

NE... 

NW... 

SW... 

SW... 

NE.... 

Calm.. 

8 

S 

8 

S 

N 

N 

N 

NE... 
Calm.. 
SW... 
SW... 

S 

SW... 
SW... 
Calm.. 

N 

SW... 
w .... 

NW... 
W  .... 
SW... 

8 

S 

Calm.. 

S 

NE... 
8W... 
SW... 
SW... 
w .... 
s 

sw... 

8 

8 

8 

W  .... 
w .... 

N 

NE... 
8  W  . . . 
8W.  .. 
W  .... 
8 

sw... 

SW... 
NE.... 
SW... 
SW... 
W  .... 

W  .... 
W  .... 

Calm.. 

?*E 

S 

8 

Calm.. 
NE... 
SW... 
8W... 
NE  ... 

8 

NE  ... 

S 

S 

Calm . . 

S 

8W... 
Calm.. 
Calm.. 
NE  ... 

8 

SW... 
SW... 

8 

W  .... 
Calm.. 
NE  ... 
SW.. 
W  .... 
W  .... 

4 
4 

0 

25 
4 
2 
0 

12 
2 
2 
2 
2 
4 

12 

12 
0 
2 
2 
0 
0 
4 
2 

25 
2 

25 
2 
0 
4 
2 

12 
2 

3.7 

18.0 
1.0 
5.7 
9.3 
1.3 
2.0 

13.7 
2.0 
3.3 
1.3 
2.3 
3.3 

11.3 

12.0 
2.0 
2.7 
2.0 
1.7 
1.3 
3.3 
1.7 

11.0 
7.0 

20.7 
6.3 
2.0 
2.7 
1.0 
8.7 
6.0 

ai 

1.3 
9.3 
9.3 
6.7 
2.0 
3.3 
1.9 
3.0 
2.0 
2.0 
12.0 
6.0 
2.3 
4.7 
6.7 
2.0 
2.3 
9.7 
5.3 
0.7 
0.7 
2.3 
5.0 
0.7 
2.0 

0 

N.60W. 
Went  .. 
S.  75  W. 
N.  74  W. 
South  . . 
South  . . 
South  . . 
N.  45  E 
8.  62  W. 
8.  45  W. 
8.  4 )  W. 
N.30W. 
8.  16  E 
8.  15W. 
South  .. 
South.. 
South  . . 
N.  64  W 
N.67W. 
North  . . 
N.45E 
S.  29  W. 
S.  45  W. 
8.  66  W. 
South  . . 
8.  53  W. 
S.  45  W. 
N.  45B 
8.75  W. 
S.64W. 
West... 

10 

10 

4 

9 

10 

10 

10 

10 

10 

10 

5 

2 

3 

10 

10 

10 

10 

10 

4 

10 

5 

10 

10 

10 

0 

10 

8 

4 

10 
10 

8 

10 

5 

5 

10 

10 

10 

10 

10 

10 

5 

2 

7 

10 

10 

8 

8 

6 

5 

5 

10 

9 

10 

9 

8 

5 

8 

5 

10 

10 

10 

4 



.15 
1.36 

.  794 

.767 

.802 
.691 
.843 
.762 
.645 
.691 

.12 
.60 
.10 
.86 
.08 

.762 

.756 

.SS3 
.836 
.607 
.767 

.06 
.04 
.16 

.716 
.772 

.  .08 

.704 

.856 

.777 
.  756 

.rss 

.790 

.44 

.38 

.18 

.756 
.617 
.809 

.42 

.08 

.8,>3 
.843 

.12 

.856 

.767 

.717 

.  7.^5 

.746 

S.42W. 

8.1 

9 

10 

5 

10 

1 

3 

6 

8 

3 

0 

4 

10 

2 

3 

6 

10 

10 

10 

0 

7 

8 

4 

0 

2 

3 

10 

10 

8 

0 

3 

5.5 

7.9 

8 

10 

4 

5 

0 

4 

6 

10 

2 

4 

6 

10 

5 
0 

8 
10 
6 
8 
0 
10 
4 
5 
7 
5 
8 
10 
6 
6 
4 
8 

6.0 

5.80 

3 

12 

4 

4 

2 

4 

0 

4 

2 

2 

12 

12 

2 

0 

4 

4 

2 

12 

4 

S 

2 
o 

12 
2 
2 
4 

12 

12 
4 

25 

2 
4 

12 

12 
4 
4 
4 
4 
4 
4 

12 
4 
4 
2 

12 
2 
4 

12 

12 
4 
2 
4 
4 
4 
4 
4 
4 

25 
4 

25 

0 
12 
12 

4 

2 

2 

4 

2 

0 

0 
12 

2 

2 
12 

4  1 

0 

4 
12 

0 

0 

0 

2 

0 

i 

12 
12 

1 

.794 

.727 

.846 
.  8-22 

.694 
.644 
.6.53 
.647 
.672 
.613 
.  720 
.7^6 
.7  8 
.  6.->3 
.627 
.850 
.697 
.841 
.731 
.704 
.724 
.580 
.623 
.627 
.718 
.816 

.  6.">:j 

.846 
.747 
.689 

.745 
.783 
.  8  9 
.743 
.756 
.672 
.675 
.735 
.685 
.7-23 
.743 
.841 
.  79;j 
.727 
.761 
.841 
.689 
.822 
.756 
.772 
.668 
.613 
.668 
.653 
.802 
.796 
.685 
.8-22 
.780 
.754 

.755 
.770 
.808 
.750 
.747 
.699 
.673 
.713 
.675 
.688 
.746 
.787 
.774 
.735 
.687 
.  830 
.741 
.  825 
.746 
.7-23 
.738 
.6-26 
.666 
.678 
.773 
.812 
.728 
.818 
.800 
.718 

s 

s 

8W . . . 
w .... 

8 

8 

Calm.. 
NR.... 
NE  ... 
NE  ... 

8 

8 

8 

Calm.. 
8 

sw... 

NE.... 

8 

W  .... 

sw... 

NE... 

8 

8  ..... 

S 

NE  ... 

8 

8 

SW.  .. 
SW.  .. 
8 

SW.  .. 

8 

SW   .. 

w.... 
w.... 

s 

NW. 
NE  .. 
NE  ... 
NE  ... 

8 

S 

W  .... 
SW. .. 

s 

8W.  .. 

aw... 
sw. .. 
w .... 

NE  ... 
W  .... 
SW... 

sw. .. 
sw. .. 

8E.... 
8E  ... 
SW... 

sw... 

SW... 
8 

Calm.. 

8 

SW  - . . 
w  .... 

sw... 

8 

NE.... 

N 

Calm.. 
Calm.. 

8 

S 

W  .... 

8 

8 

Calm.. 

8 

W  . . . . 
Calm.. 
Calm.. 
Calm.. 

S 

Calm.. 
NE  ... 

8 

8 

S 

SW... 

8 

8 

8. 20  W. 
South.. 
8.  45  W. 
West   .. 
8. 34  W. 
South. . 
North.  . 
N.36E 
N.45E. 
N.45E. 
South  . . 
South  . . 
S.  73  W. 
S.6  W. 
South  . . 
S.  45  W 
8.  13  W. 
S.  45  W. 
WeHt .  . 
N.45E 
N.  14  W 
8.  24  W. 
8.11  W. 
South.  . 
S. .««  F 

.680 

.  793 
.798 
.790 



.34 

.04 

.772 

.690 

.756 

.769 

.727 

.776 

.  735 

.825 
.825 

.06 

.672 

.79J» 



.10 

.812 

.752 
.692 

.16 

.822 
.685 

.08 

.708 

.754 

.799 

.793 
.846 
.786 

6.  3!  8.  7  E  . . 

9.  0'  S.  5  W 
13.7;  8.45W. 

3.7    S.30W. 
20. 7    South 

.10 
.14 

.812 

.712 

3.9 

.767 

.713 

.740 

.740 

8. 19  W. 



1.02 

*••• 

1 
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Reductions  of  the  monthly  meteorological  regiMier  of  the  surtey  (f 


Date. 


1867. 
July  1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

Means — 


Aug. 


Barometer  reduced  to  temperature 
of  32°  Fahr.,  expre»Med  iu  Unit<d 
Stati'M  iudies  and  decimalit. 


TKMPCRATUKE— FAHRENHEIT. 


1 
2 
3 
4 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
Id 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 


Means.... 


e 


29.616 
29.674 
29.618 
29.580 
29.  6:i2 
29.  4:0 
2i».  .586 
21».  774 
29.712 
2t).807 
29.6:31 
2'.».  55:J 
29.860 
.30. 012 


29.653 
29.  8:J2 
29.817 
29:823 
29.785 
29.541 
29.459 
29.693 
29.598 
2t).  513 
29.488 
29.6113 
29.5(r7 
29.  4.38 
29. 794 
29.907 


29.664 


29.701 
29.  528 
29.  {^\^ 
29.814 
29.871 
29.  821 
29.839 
29.  778 
29.  710 
29.680 
29.901 
21».779 
29  413 
29.  598 
29.  8(^2 
29.718 
29.  476 
29.  462 
29.  .579 
29.733 
2i).7l8 
29.  684 
29.  588 
29.  488 
29. 809 
29.857 
29.  75.3 
29.  45.3 
29.528 
29.  642 
29.  861 


a. 
01 


29.648 
29.  650 
29. 634 
29.491 

29.394 
29.  542 

29. 778 
29. 139 
VX  873 
29.  572 
29.  (i76 
29.  947 
30.075 


29.725 
29.  865 
29.  821 
2i).809 
29.675 
25).  491 
29.  482 
29,6.57 
29.  .584 
29. 522 
2i».  505 
29.1I34 
29.  379 
29. 562 

29*793 


29.662 


29.687 


29.668 
29.5:^8 
29.758 
29.870 
2*1.919 
29.  846 
29.824 
29.  783 
29. 1^\ 
29.735 
29.  875 
29.  tJ32 
29.  425 
29.704 
29.818 
29.  651 
29.  5'»5 
29.  4.36 
29.  6.50 
2*>.  7(i7 
29. 734 
2i).  6.37 
29.  5.32 
21».  .528 
29.  M25 
21^.  805 
2*).  629 
29.412 
29.580 
29.  747 
29.811 


B 
a 


29.596 
29.498 
29.480 
29.536 
29.  495 
29.  48:J 
29.  583 
29.  704 
29.712 
29.  698 
29.  498 
29.719 
29.906 
2i*.  923 
29.665 
29.716 
29.781 
29.816 
29.751 
29.603 
'^.  446 
29.  455 
29.  598 
29.505 
29.  470 
29.568 
29.  489 
2i5.  375 
29.  686 
29.  827 
29.693 

29. 622 


29.  690 


29.5.58 
21».  485 
29.  768 
29.  803 
29.818 
29. 770 
29.752 
29.  698 
29.  675 
29. 793 
29.816 
21».  472 
29.  435 
29.7(8 
29.751 
29.  52H 
29.458 
29.455 
29.621 
29.  703 
29.661 
29.  593 
29. 465 
29.621 
29.  708 
29.  7;J3 
29.  542 
29.413 
2i)  546 
2!».  830 
29.641 


29.620 
29.674 
29.577 
29.  536 
29.564 
29. 4.37 
29.570 
29.  752 
29.721 

29.  793 
29.567 
29.649 
29.904 

30.  003 
2i».  665 
29.698 
29.826 
29.818 
29.794 
29.688 
29.  493 
29.465 
29.649 
29.562 
29.502 
29.  520 
29.  .575 
29.  420 
29.562 
29.810 
29.  71>8 


2i).  652 


29  642 
29.517 
29.  731 
29-  829 
29.869 
29.812 
29.  805 
29.  7.53 
29.  72:1 
2i).  7.% 
29. 864 
29.  628 
29. 426 
29.670 


29. 
29. 
29. 
29. 


790 
6:12 
480 
45  L 
29.617 
29. 7.34 
29.  704 
29.638 
29. 528 
29.546 
29.781 
29.  7i)8 
29.641 
29.  426 
29.  551 
29.740 
29.771 


Wf  t  bulb,  or 

point  of 
evaporation. 


S 


o 

62 
56 
61 
69 
59 
70 
63 
55 
54 
51 
61 
64 
50 
54 


64 
51 
54 
50 
60 
61 
56 
5i 
69 
69 
63 
50 
75 
71 
57 
51 


6 


68 
73 
72 

.71 

•  •  •  ■ 

77 
72 
63 
59 
64 
73 
62 
61 
67 


69 
66 
62 
62 
67 
65 
70 
76 
78 
76 
72 
79 
78 
70 

70 


59.  7  G9. 4 


29.639 


29.  672 


60 

63 

61 

64 

66 

67 

67 

67 

69 

57 

55 

68 

64 

56 

61 

65 

68 

63 

62 

59 

54 

61 

66 

50 

.57 

62 

66 

56 

5:1 

47 


65 
71 
66 
69 
69 

rj 

73 
75 
74 
72 
65 
70 
72 
t)9 
68 
66 
69 
76 
65 
74 
69 
69 
70 
69 
62 
66 
62 
71 
61 
54 
57 


e 

d 

9> 


61 
60 
70 
62 
71 
66 
61 
60 
58 
62 
68 
57 
57 
63 
64 
62 
58 
60 
61 
62 
65 
67 
70 
73 
71 
67 
77 
74 
63 
61 
62 


Dry  bulb,  or  tem- 
perature of  the 
open  air. 


S 

as 


65 
60 
66 
73 
62 
75 
65 
59 
58 
54 
67 
67 
54 
58 


67 
54 
58 
&( 

e;4 

66 
60 
63 
74 
74 
67 
65 
80 
75 
61 
55 


6.3. 0  64.  0 


66 

68 
62 
67 


64 
72 
66 
64 


70  1  ()8 
74  ,  72 


61.4  68.1 


70 

74 

70 

63 

62 

65 

67 

64 

62 

67 

64 

66 

()3 

62 

62 

65 

69 

64 

.57 

63 

66 

68 

57 

53 

59 


71 

73 

73 

76 

63 

60 

75 

68 

60 

66 

69 

71 

69 

67 

(>:) 

58 

65 

72 

54 

63 

70 

74 

61 

57 

50 


E 


72 

77 
1 1 
77 


81 

:7 

67 
61 
69 
78 
66 
68 
77 


75 
78 
67 
70 
75 
72 
77 
82 
86 
81 
79 
88 
88 
76 

77 


9i 


64 

6;i 

75 
66 
76 
69 
66 
63 
61 
67 
71 
60 
61 
68 
73 
65 
61 
6:) 
66 
68 
69 
71 
76 
78 
75 
72 
85 
78 
65 
64 
70 


75.  4  70. 9 


74 

75 
71 
77 


71 
73 
65 
69 


78      74 


83 
82 
85 
85 
79 
78 
82 
77 
75 
77 
73 
75 
^ 
77 
80 
77 
80 
79 
79 
74 
80 
86 
7^ 
70 
63 
69 


78 
75 
79 
77 
70 
70 
76 
72 
70 
70 
72 
71 
77 
70 
68 
67 
72 
73 
68 

72 
78 
74 
66 
60 
65 


o 

6t.O 
66.7 
72.7 
72.0 
69.0 
75.0 
69.3 
63.0 
61I.O 
63.3 
72.0 
64.3 
61.0 
67.7 
73,0 
69.0 
64.3 
62.7 
6.3. 3 
69.0 
69.0 
69.3 
7.3.3 
79.3 
76.7 
72.7 
79.3 
82.0 
72.0 
62.5 
67.3 


69.3 


7 
3 
3 

') 
3 


64.81^6.3  77.6  71.2 


69. 

73. 

67. 

70. 

73. 

77.7 

76.0 

79. 0 

78.3 

75  0 

70.3 

72.7 

74.7 

71.0 

69.0 

70.3 

71.7 

79.7 

72.0 

71.7 

69.0 

70.0 

7-2.3 

73.0 

64.3 

71.7 

7a  0 

7.5.0 

65.7 

60.0 

61.3 


E 

a 
1 


76 
77 

86 
78 
79 
84 
77 
69 
64 
69 
79 
70 
70 
78 
79 
76 
78 
69 
72 
76 
74 
80 
84 
86 
81 
80 
88 
88 
78 

r3 

78 


I 


81 
74 

77 
85 

87 
86 
87 
88 
79 
80 


1 1 

78 

78 

74 

79 

9ii 

77 

80 

79 

80 

81 

8  J 

75 

82 

88 

78 


£ 
0 
S 
a 


VAPOB. 


Elarticlty,inr.8. 
inches  and  drci- 
mall. 


E 


61 


.516 


E 
d. 


S 

s 


56  .396 

5«  .470 

62  .655 

59  |.46o 

66  .666 

61  .549 
55  .367! 
54  .365. 
51  .3.35 

62  .4.57 
58  .556 
48  .3(18 
48  .365 
56 


63 
51 
54 


556 
335 
365 


55  .308; 

I  60  .465 

55  .470; 

56  .396 
56  .416 
70  .641 
70  .641 
64  |.522 
58  L  4-201 
75  '.800| 
63  .704 
52  .412 
52  .321 


631 1.497.348 
7o7.4Tt>.y4 

7.8.666.618 

678.502.612 

....L681.5T6 

873.oyy.7l3; 

7i8.47u.:Ty: 

5-22.  478. 4:« 
473.443.437 
52'J.  489.453 
744.644.615 
302.426.453 
443|.412.a* 
.527. 5 -y.  467; 

i.47n.47t 

628.516.567 

478.443.419 

489|.57!-;.477 

449'.  470. 4» 

.542.47ti.494 

,524. 564.. M!? 

(Qy.  606".  548 

,816. 652. «» 

850.744.778 

829j.  TlM .  T2i 

6yoL59J.6:'4 

,8«e.8l»|.73b 

,823.  7(^5, Sil 

,632.549635 

497.45* 

.6XJ-449.470 


88  :  48    .474 


75     61 


67 
62 
57 
64 
67 
68 
68 
69 
67 
56 


644.556.536 


85     55 
69 


63 
.'•6 
62 
65 
tM> 
64 
64 
60 
55 
57 
62 
49 
56 
65 
69 
57 
65  52 
72     47 


72 


71.7  1  88 


.465 
.631 
.  .536 

.497! 
.543 
..5.59 
'  60i8 
'.581^ 
!.58i: 
.614 
j.386 
.367 

591 

543 
.396 

470 
.564 
.604 

195 
.  48.^) 
.447 
.365 
.48:1 
.55!* 
.3t!8 
.386 
.449 
.  532 
.383 
.350 
.283 


497.572.511 
704. 618. 651 
5721.516.541 
601 '.635:,  578; 
588.679i.57» 
677.7i»j.6:4 
690. 666.  ©i 

7:k3.772:.©5 
691.  easier? 

6110.  482;. 5» 
443.449.426 
572.47ii.470 

718.595.66 
6-28.  5 Ifi..^ 
564.  449. 47a 

545.o95.5fl» 
628;.  3«i3.a* 
524L  492.54» 
4.57 -  4*2  3«^ 
758.476LS:4! 

60  i  4891512 
561.524-<S 

612.6:^;.  30 

574.543,559 
396'  33».35l 

4.52^^1  «l 
235;.  478, 387 

678.6W^«5 

,416.346:  3ffl! 

,298|.31('^3il!5 
.306. 4-20- 335 


47  ;. 476. 561. 535. £4 
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the  northern  and  northwestern  lakes  at  Sackett^s  Harbor^  New  York, 


VAPOR. 


Hamldity. 
Saturation  =1,000. 


.836 
.765 
.735 

.807 
.628 
.768 
.8«H) 
.708 
.756 
.8(>2 
.61K) 
.841 
.738 
.756 


.804 
.817 
.774 
.731 


.841 
.800 
.7i56 

.r^s 

.780 
.7.35 
.765 
.6J3 
.764 
.764 
.790 
.680 
.782 
.812 
.769 
.743 


.780 
.804 
.8.38 
.833 
.793 
.712 
.802 
.716 
.716 
.685 
.670 
.708 
.681 
.793 
.765 
.735 
.796 
.720 
.700 
.740 
.776 
.756 
.783 
.712 
,738 
.670 
.613 
.634 
.713 
.752 
.786 


.826 
.774 
.  71K) 
.8e2 
.747 
.776 
.786 
.647 
.»J9 


.724 
.499 
.740 
.613 
.603 
.6M 
.689 
.747 
.684 
.784 
.697 
.6.')6 
.622 
.727 


.689 


772     .  699 


.593 
.812 
.754 
.648 
.613 
.6U0 
.6:J2 
.609 
.574 
,697 
.463 
.524 
.774 
.724 
.608 
.672 
.724 
.512 
.493 
.741 
.()48 
.548 
.618 
.580 
.472 
.441 
.189 
.731 
..570 
.599 
.432 


.739 


.597 


.833 
.831 

.768 
.786 
.771 
.846 
.735 
.831 
.825 
.740 
.850 
.822 
.769 
.743 
.588 
.8:^ 
.825 
.831 
.735 
.695 
.796 
.802 
.727 
.776 
.812 
.758 
.681 
.819 
.890 
.833 
.613 


.780 


.754 
.761 
.8:}6 
.896 
.810 
.819 
.768 
.779 
.689 
.658 
.613 
.524 
.758 
.704 
.613 
.758 
.663 
.531 
.658 
.695 
.740 
.668 
.807 
.793 
.58J 
.582 
.499 
.720 
.543 
.599 
.680 


.693 


a 
ce 
o 


WIND. 


.824 

.804 

.759 

.775 

.800 

.813 

.800 

.780 

.821 

.763 

.772 

.816 

.718 

.689 

.588  i 

.800  J 

.709  I 

.779 

.695 

.693 

.733 

.752 

.732 

.741 

.787 

.748 

.672 

.741 

.810 

.534 

.682 


747 


.709 
.794 
.809 
.792 
.739 
.710 
.734 
.701 
.660 
.680 
.582 
.585 
.738 
.740 
.662 
.722 
.7-^8 
.588 
.617 
.725 
.721 
.657 
.736 
.695 
.597 
.564 
.434 
.695 
.609 
.62:) 
.633 


Direction. 
From  whence. 


a 


N 

nci. . . . 

8 

8 

NB  ... 

S 

8W... 
8W..- 

8 

Calm . . 
8  .... 

S 

NE... 
E 


8  ... 
E... 
NE  ., 
NE  . 
NE  . 
NB  . 
E... 
8  ... 
8  ... 
8  ... 
NE  . 
8  ... 
8  ... 
SW. 
NB  . 
8  ... 


8  .... 
8  .... 
N.... 
8  .... 

8  .... 
8  .... 
8  .... 
8  .... 
8  .... 
8  .... 
N.... 
8  .... 
8  .... 
NE  .. 
N.... 
NE  ., 
NE  .. 
SW  . 
SW.. 
W... 
8  .... 
NB  .. 
Calm. 
8  .... 
E... 
8.... 
8W.  . 
8  .... 
NW.. 
NW.. 
8  .... 


a 

d 

CI 


SW 
SW 
SW 

SW 


SW 

SW 

SW 

NE 

SW 

S  .. 

NE 

NE 

W. 


W.. 

SW. 
NE  . 
NE  . 
NE  . 
NW 
8W. 
8  ... 
8  ... 
8  ... 
NE. 
8  ... 
8  ... 
SW. 

>  •  •  ft    mm 

8  ... 


.676 


8  .... 
W  ... 
W.NW 
SW... 

S 

8 

SW... 

8 

N 

NE  ... 
SW... 

8 

SW... 
NB  ... 
NE  ... 

N 

SW... 
8  W  . . . 
SW  .  . 
SW... 
SW... 
SW... 
SW... 
w .... 
SW... 
SW... 

8 

NW... 
NW... 
8 


a 


8  .... 
8  .... 
8  .... 
NE  .. 
SE... 
8  .... 
SW.. 
8  .... 
W  ... 
8  .... 
8  .... 
NE  .. 
Calm. 
Calm. 
S  .... 
W  ... 
8  .... 
NE  .. 
N.... 
Calm. 
Calm. 
8  .... 
8  .  .. 
8  .... 
Calm. 
Calm. 
8  .... 
8  .... 
NB  .. 
8  .... 
8  .... 


8  .... 
N.... 

NW. 
S  .... 
8  . . .  • 
Calm. 
Calm. 
8  .... 
8  .... 
Calm. 
8  .... 
8  .... 
Calm. 
Calm. 
NE  .. 
NE  .. 
8  .... 
8  .... 
W... 
■S  .  .  .  . 
8W.. 
8  .... 
8  .... 
NE  .. 
8  .... 
8  .... 
8  .... 
W... 
NW.. 
NW.. 
8  .... 


Velocity,  in 
mileii,  per 
hour. 


12 
2 
4 
4 

12 

12 

12 

4 

4 

0 

25 

2 

4 

«> 


4 

2 
4 
2 

12 
2 
2 
2 
4 
4 
4 
4 

25 
2 
2 
2 


12 
4 
4 
4 

4 
2 
2 
2 
2 
4 
2 
2 

12 
2 
2 
4 
4 
4 

25 
4 
2 
2 
0 
4 
2 
4 
4 

25 
4 

12 
4 


P. 


2 
4 
4 
4 

>  •  •  < 

12 

12 

4 

2 

12 

12 

2 

4 

4 


12 

12 

12 

12 

12 

4 

12 

)2 

12 

2 

4 

12 

12 

25 

12 


25 

4 

2 

12 

12 

4 

12 

12 

4 

4 

2 

4 

25 

4 

4 

4 

2 

4 

25 

4 

12 
4 

12 

12 

4 

4 

4 

25 

12 

12 

12 


p. 


2 
2 
2 
4 

2 
2 

12 
2 
2 
2 
4 

12 
0 
0 

12* 
2 
2 
4 
4 
0 
0 
2 
2 
2 
0 
0 

25 
4 
2 
2 

12 


:z  s 

Is 


o 

0> 


5 
S 


3.0 
2.3 
3.0 
1.3 
4.0 
8.0 

12.0 
3.0 
1.0 
4.7 

13.7 
4.0 
2.7 
0.7 
4.0 
5.0 
4.0 
6.7 
5.7 
8.0 
1.7 
4.0 
5.3 
6.0 
2.0 
2.7 

1.3.7 

13.7 
8.3 
0.7 
8.7 


N.  9W. 

8.9  W. 
8. 18W. 
South  .. 
N.54E 
8.21  W. 
S.  45  W. 
S.  35  W. 
8. 12  W. 
8.39W. 
South  . . 
N.49E 
N.  45  E. 
Went  .. 
South.. 
8.  74  W. 
8.  33  W. 
N.45E 
N.35E 
N.45E 
N.  16W. 
S.  32  W. 
South.. 
South... 
South  . . 
N.45E 
South  . . 
South  . . 
8. 45  W. 
S.73  E. 
South.. 


Amount  of 
cIoudineMB. 
(0=clear 
sky.) 
(10=i!ky  en- 
tirely over- 
ca8t.) 


e  J. 


0.4'  S. SOW.    6.0   6.8   3.71 2.10 


4 

4 
2 
2 
2 
0 
0 
2 
2 
0 
2 

12 
0 
0 
2 
4 
2 

12 

12 
2 
2 
2 
2 

12 
2 
2 

12 
4 

12 
2 
4 


13.7 
1.3 
2.3 
5.7 
6.0 
2.0' 

4.3: 

5.0 

2.7 


South  .  - 
West... 
N.  27  W 
8. 30  W. 
South . . 
South  . . 
8.81  W. 
8. 34  W. 
South . . 


0.7 
5.7 

12.3 
0.7 
2.7 
4.0 
1.31 
6.0! 

19.7 
2.7i 

5.o; 

1.3 
1.3 

i.o! 

3.0 
6.0 
17.0 
9.3 
9.0 
6.7 


S.45E. 
8.  9W. 
South  . . 
S.  45  W. 
N.32E 
N.45E. 
N.45E 
8. 19  W. 
8.53W 
S.53W. 
8.  41  W. 
8. 21  W. 
8.39W. 
South .. 
8. 45  W. 
S.  18  W. 
8. 19W. 
S.  5  W. 
N.  45  W. 
N.45W. 
South . . 


3.3   S.29W 


5.7   5.5 


.20 


.06 


.22 


.18 


1.34 
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Date. 


Oct 


1 
2 
3 
4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


Mcnng  .  .. 


Barometer  rednc«d  to  temperature 
of  '.&'  Fahr.,  ex  preened  in  United 
State*  incbe«  and  deciinaU. 


JCMPKRATURE— FAHRESHKTT. 


TAfOR. 


a 


ot 


1867. 

Sept        1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

Meani .  .. 


29.539 

29.811 
29.732 
29.  74H 
29.  75-» 
29.  .■)♦« 
29.  yi7 

3«.  o:8 

29.  8J9 
29.  ^^8 
29.  H74 

29.  (ie«2 
29  5  4 
29.910 

30.  a<7 
29.  HH3 
29.  \irO 
29.  h7H 
29.  8(>7 
29.  ti78 
29.910 
29.  eJ3 
29. 1194 
311.  122 
29.  5„2 
29.1»<i9 
29.  798 
29.  683 
29  ATA 
29.  85:1 


2:1.  542 
29.  f  33 

29.7:t8 
24.  79.-) 
29.715 
21».  577 
30.019 
m  «»!.< 
29.700 
2V*.  74fi 
29.  fti\) 
29.  iUm 
29.471 
3;«.  (K»G 
29.  i»in 

29.  883 
29.  9.M 
2;*.  791 
29.  9:J8 
29.6.7 
29.931 
2!».  714 
:«'.  KJJ 
30.051 
29.  6l»J 
29.  9:m 
'.i9.  791 
V9.  6<Hi 


29.801   I  29.  8<K> 


29.844 

29.  4:{7 
29.615 
2J».  8.  6 
29.517 
29.W57 

30.  161 
:W.  171 
2!>.  874 
29. 270 
29.  3  0 
29.497 
29.  664 
29.  707 
29.  585 
29.1H»2 
29.747 
29.579 
29.690 
29.  874 
21».  905 

29.  64i4 

30.  042 
30. 18.> 
:W.  170 
30.  07  J 
30.090 
30.  090 
29  832 
29.568 
29.  521 


29. 

29. 

29. 

29. 

29. 

29. 

3(t. 

30. 

29. 

29. 

29 

29. 

29. 

29. 

29. 

29 

29. 

29. 

29. 

a». 

29. 
29. 
30. 

:to. 

30. 
31. 
3U. 


6.'6 
322 

«;!'8 

7<>6 
4(i5 

y4:{ 

247 

Ui4 
♦i67 
272 

I)»i7 

677 
67(i 
9l«i 

622 
7h2 
881 
HI 
7.i9 
173 
27i 
180 
125 
112 


29.717 
29.  ATI 
29.  6.->8 


a 
e 


Wet  bnlb.  or 

p«»int  of 
evaporation. 


Dry  bnlh.  or  tcm- 
prratare  of  the 
opt- n  ttir. 


Ela*tici'r.inU..S. 
mrb*-*  aud  dea- , 
mail.  I 


29.  622 

29.  776' 

28.  628 

29.  744 
29.  56 » 
29.  698 
:J0.  007 
29.919 
29.553 
29.  747 
29.712 
29.  586 
25.  616 
3  I.  (►■*'6 
29.  9.52 
29  806 
29.  H6.J 
29.728 
29  8  9 
29.  748 
29.  849 
29.  7»J9 
:HK  129 
29.  7.'i9 
29.7  7 
29.  79:{ 
29. 1.92 
29  5-16 
29.  6;j  < 
29.  f<l3 


29.  ,568 

2!^.  807 
29  t?J9 

29.  762 
29  676 
29.614 
29.1^81 
30.003 
29.694 
29.714 
29.818 
29.644 
29.530 
2i«.  9e7 
3».-OU7 
2'».  861 
29. 1>29 
29.799 
29.871 
29.681 
21».  rt>7 
:.'9.  769 

30.  095 
29.  977 
29.615 
29.  e79 


• 

s 

• 

S 

i 

d 

d 

d 

• 

e 

t* 

c« 

A 

r- 

0 

0 

0 

0 

57 

57 

54 

60 

47 

58 

54 

50 

a. 


2  1 

a  I 


s 

S 


S 


M 


59  I  69 

58  {  61 

48 

64 

50  I  57 


69 
71 


47 

59 


64 

70 


58  .53 

1  38  56 

;  50  I  6;i 

'  59  ,  64 


47 
61 
67 
74 

i  70  75 
58.5  62 
i  65     75 


40 
:{8 
55 
68 


48 
52 


59 
60 


39  45 

35  .5.5 

55  !  55 

45  I  46 


757  ;  45 


24.  75/ 
29  64-2 
2i».5J3 
29.  83.3 


1  54 

46  I  54 
55  ,  46 
'y^>    ... 


63.  o 
53  I 

68  i 
59  , 
5:1  j 
64 

65  i 

51  I 
59 
5i  I 

67.5 
73 
71 
57 
58 
.55 
52 
41 
5:1 
47 
42 
47 
56 
41 
34 


29  761   I  29.71-8    51.4  58  2 


29.560 
29.  \U\ 
'J^.  mi 
2!>.  747 
29.  ,5:13 
29.  9p5 
.10.  155 
V9.9I4 
29.  427 
25^.  225 
29.  425 
29,  5^6 
29.617 
29.  647 
29.  732 
2i».  800 
'':i^,  508 
29.  574 
29.  764 
29.  854 

29.  704 
•i%  r22 

30.  no 
30.  173 
30.  097 
3I».  014 
30.  042 
29.929 
21».  610 
29  4r>3 
29.  675 


29.687 
29.  3»i4 
29.  670 
29.  7K1 

29.  485 
-.1).  93i 
3.1.  188 

30.  05'» 
29.  f;.')6 
29.  2.56 
29.  372 
29.  .546 
2'.K  649 
•.:9.  677 
2i».  664 
29.  8f  3 
29.647 
29.  .592 
29.  739 
29.  873 
29.817 

29.  742 

30.  108 
30.  20l» 
30.  149 
.30.  (-71 
30.  078 
.30.010 
29.  720 
2$).  501 
29.  618 


25  .53 

47  I  58 
13  I  43 
34  I  54 


29.783 


2i^.  776 


\ 


48 

39 

29 

28 

39 

50 

47 

48 

37 

^ 

48 

34 

56 

56 

50 

54 

61 

59 

35 

36 

34 

31 

36 

.34 

45 

44 

41 


51 
45 
41 
48 
47 
5.5 
48 
44 
49 
54 
5:1 
54 
64 
62 
62 
70 
66 
5J 
40 
46 
46 
49 
53 

52 
49 
46 


29.  733 


63 

61 

50 

70 

53 

50 

64 

61 

40 

54 

65 

4.3 

40 

59 

71 

75 

62 

70 

5t 

55 

41 

37 

f;o 

48 
47 
49 
6* 
37 


59 

64 

76 

68 

76 

80 

66 

73 

79 

59 

63 

71 

71 

55 

71 

74 

80 

^^ 

74 

85 

67 

64 

49 

64 

65 

5» 

58 

59 

49 


57 

58 

68 

57 

<0 

66 

59 

71 

72 

5„» 

55 

66 

5^^ 

47 

64 

72 

78 

75 

62 

65 

59 

56 

45 

6-j 

52 

45 

50 

61 

44 

37 


58.7 
57.3 
69.0 
62  0 
67.0 
72.0 
.59.3 
64-7 
71.7 
57.3 
52  7 
6:1.7 
64.7 

4a  3 

58.3 
68.3 
76.3 
77.7 
66.0 
7:13 
59.0 
58.3 
45.0 
54.3 
59  0 
47.7 
51.  7 
56.3 
51.0 
37.0 


64 

m 
80 

71 

84 
85 
69 
75 
80 
70 
66 
75 
72 
62 
71 
74 
83 
84 
75 
85 
70 
67 
56 
70 
65 
56 
6L 
69 
60 
49 


s 

i 


55 
47 
.54 
55 
47 

5g 
51 
45 
60 
50 
38 
.50 
54 
41 
37 
55 
68 
71 
59 
56 
49 
52 
39 
35 
49 
43 
42 
46 
42 
J4 


r«       Si      S 


'.  426 . 
.  283 . 
.447. 
.  443. 
;.  3«** . 
.56. 
.:fc>l  . 
.2KJ. 
.  43:j . 
443. 
.  '3iJ3 

.420. 
1.  2l>. 

|.2[;3 

;.:J8-:>, 

.644 
.666 

.4:rj 
.5V) 
.2>6 
.34M 
.2i2 
178 
3ti7 
26<) 
273 
271 
-  3»>7 
178 


4.39. 
¥XS. 
614. 
44  1. 
6  4. 

ar, . 

3^6. 

47H 

612 

:^J:l . 

356 

4:J»v 

5-3 

217 

4113 

5Hei 

7.5e 

76 

:fi»i 

7.« 

39;$ 

4S.-. 

•J47 

314 

:V' 

2.58 
31  j5 

3r>i 

271 


.37^.4*1, 
:i65.33& 
.5  j> .  5i* 
3.50. 41-4 
i#l .  5tB 
4«i7 .  Jd* 
3i3.3«? 
5  3.4i! 

.52 1  :^ 

321.293 
407.384 
:C*ti.-l2l> 


'•>» 


25.517 


:(r.l.33L 

6  2..T*;* 

744.7:5 
714.710 
399.411 

:a*» .  557 
.t8«i.  35ti 
335.. •>« 
2*15. 22]i 
284.2^ 

2.57 .  ;i  ?• 

23e.24» 
■^^.  307 
38:L  Ift 

.  157. 1&^ 


54.6.54.9167.0  59.6  60.2  l  ^:it      34  .  356  .  449  .  4lfii.3S5 


47 

.56 

38 

45 

4i 

:J9 

34 

45 

52 

51 

50 

39 

52 

46 

45 

52 

60 

57 

61 

62 

58 

43 

41 

38 

:»7 

42 
45 

4rt 
48 
45 
41 


27 
53 
46 
;i6 
51 
41 
.30 
30 
41 
51 
50 
50 

:;8 

40 
51 
35 
62 
60 
.53 
56 
f;4 
62 

:?8 

38 
36 
31 
:J8 

.^5 

48 
46 
43 


60 

64 

49 

62 

53 

50 

47 

58 

54 

56 

51 

45 

51 

58 

58 

59 

77 

69 

68 

76 

75 

56 

45 

51 

55 

58 

57 

57' 
54 

50 


46.0 

61 

59.0 

65 

45.7 

60 

50.0 

6:j 

49.7 

59 

45  0 

52 

51 

60 

42 

52 

45 

44 

37  :  38. 

49   49. 


0 


0   50 


58 


55  ;  5<».0  59 


55 

5:j 

41 


54 

51. 
45. 


54   48. 


49 
48 
57 
68 
61 
62 
67 
66 
47 
45 
41 
40 
44 
47 
51 
51 
49 
44 


60 
58 
54 
56 


49. 
52. 
50. 
69. 
63. 
61. 
66. 
68. 
55. 
42. 
43. 
4:J. 
44. 
47. 
43. 
5-2. 
49. 
45 


0     59 


61 
64 
77 
70 
70 
76 
76 
66 
50 


3  ;  55 


58 
58 
60 
56 


0 

58 

7 

55 

7 

5L 

24 

46 

40 

34 

44 

39 

28 

25 

.38 

37 

47 

39 

34 

3»3 

46 

34 

55 

57 

50 

5:1 

59 

44 

35 

35 

34 

30 

36 

:« 

45 

43 

41 


112 
244 

I.  2:fc^ 
..  170 

j.296 
.212 
j.  149, 
!.  I»r 
.2i2 

j.a2i , 

.  283 

.  3  •^ . 

.  2<r7 . 

.2«J.3. 
.296. 
.  183. 
.369. 
.:ft*n. 

.  :f2l . 
.391  . 
.  497  . 
.  4»iO 
.  16.5. 
.  1S6. 
.  170. 
.  174. 
.  186. 
i.  I8t 

j.  2»>2 . 
.231 


310 
4  3 

312 

:M8 

2:m 

177 

-AXS 

2:11  , 

.36:1, 

21«>, 
275. 
21*5. 
363. 
3.»^ 
351  . 
422. 
462. 
47«i. 
Ii.52 . 
5li«. 
3:15 . 
182. 
245 . 
192. 
229 . 
350. 

322. 
282. 
258. 


.  *27> 
!:t*« 
.  177 
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the  northern  and  northwestern  lakes  at  Sackett^s  Harbor^  New  York, 


VAPOR. 
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c    .-3 
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0 
4 
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13 
0 
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0 

25 
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B 
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9 

6 
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0 

0 

3 

0 
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0 
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0 
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10 
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0 
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10 
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10 
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2 
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9 

2 

9 
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• 
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6 
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3 
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0 
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4 
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2 
3 
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0 
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10 

10 
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0 
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7 

• 
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• 
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0 
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0 
0 
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0 
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8 
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0 
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.776 

.878 
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.609 
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.681 
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.647 
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.668 
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.743 
.6.36 
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.625 
.781 
.776 
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.631 
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7  3 
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.679 
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.727 
.650 
.680 
.  6.50 
.6.59 
.740 
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8 
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2 
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.820 

.10 
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.04 
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.704 
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.742      NK  ... 
.768     Calm.. 
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1  .7.j6 

•  •  •  ■  • 
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.746 

.735 

8.  8E.. 

5  81  -^  ^ 

4  2 
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tke  noriherM  and  northwestern  lakes  at  SnckeVs  Hirbtr,  New  York. 


VAPOR. 


Humidity. 
Saturation  =  1,000. 
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Table  showing  the  annual  isive  prior  to  July  1,  1868. 

Prior  to  October  1,  1857 2,500 

October  1,  1857,  to  October  1,  1858 • 1,675 

October  1,  1858,  to  October  1, 1859 2,600 

October  1,  IQ-iQ,  to  October  1,  1860 4,890 

October  1,  I860,  to  October  1,  1861 3,254 

October  1,  1861,  to  October  1,  1862 5,245 

October  1,  1862,  to  October  1, 1863 4,084 

October!,  1863,  to  October  1,  1864 3,283 

October  1.  1864,  to  October  1, 1865 2,589 

October  1,  1865,  to  October  1, 1866 2,068 

July  1,  186e,  to  July  1,  1867 5,464 

Jmly  1.  1867.  to  July  1,  1868 6,354 

Total  to  July  1. 1668 44,020 


I 
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APPENDIX  X. 

Fort  Point,  San  Francisco  Harbor, 

December  10, 1867. 

General:  In  answer  to  department  letter  of  the  31st  October,  direct 
ing  me  to  submit  a  project  or  projects  for  the  siirv^ej  and  exploration  of 
the  Colorado  of  the  West,  especially  of  those  unexplorexl  portions  lyin^ 
between  the  Mormon  settlement  of  Callville  and  the  junction  of  tl*e 
Green  and  Grand  rivers,  as  well  as  for  the  exploration  of  the  lower  por 
tions  of  Green  Riv'er,  I  have  the  honor  to  submit  the  following: 

The  subject  of  explorations  in  general  being  entirely  new  to  me,  I  wonM 
state  that  since  the  receipt  of  the  above  I  hav^e  devoted  considerable 
attention  to  acquainting  myself  with  the  details  of  such  published  expla- 
nations as  I  have  had  access  to,  especially  of  the  report  of  Lieutenant 
Ives,  w^ho  ascended  the  Colorado  River  in  1858  to  near  it«  great  bend.  I 
have  sought  and  obtained  information  from  various  parties  in  San  Fraii 
Cisco,  who  are  interested  more  or  less  in  having  the  river  opened  to  na\i 
gation,  and  all  seem  willing  and  anxious  to  give  all  the  information  they 
possess,  especially  the  parties  who  have  heretofore  been  so  opposed  to 
a  knowledge  of  the  river  being  made  public.    The  reason  is  obvious. 

Ex-Governor  Goodwin,  of  Arizona,  has  been  particularly  kind  in  point- 
ing out  sources  of  information,  as  well  as  in  imparting  his  own  views, 
and  I  believe  that  I  am  now  possessed  of  all  the  fa<;ts  concerning  the 
navigability  of  the  Colorado  River,  so  far  as  known  at  the  pi-esent  time. 

I  have  no  doubt  but  that  light  draught  steamers  can  run  up  to  Call 
ville  with  little  trouble  at  nearly  all  seasons  of  the  year.  Captain  Rodj: 
ers,  who  has  been  on  the  river  four  years,  and  some  12  years  on  our 
western  rivers,  (the  Ohio  and  Missouri,)  took  the  steamer  Esmeralda,  97 
feet  long,  and  22  feet  wide,  drawing  three  and  a  half  feet  water,  to  Call 
ville  witli  little  trouble  in  October,  1866.  He  tells  me  he  could  have 
carried  six  feet  water  at  that  time,  but  a  boat  for  the  purj^ose  should  not 
draw  over  18  inches.  The  river  is  free  from  rocks  and  snags,  and  the 
great  difficulty  of  navigating  the  river  is  in  rounding  its  sharp  tarns 
when  the  water  is  rising.  The  rapids  are  very  short.  The  most  diffi 
cult  one,  Roaring  Rapids,  he  ascended  in  seven  minutes,  and  thinks  they 
are  navigable  the  whole  year  round,  save  perhaps  at  the  time  of  rising 
water,  which  begins  about  the  1st  of  May.  It  rises  very  rapidly  by  the 
middle  of  June,  and  begins  to  subside  about  the  1st  of  July.  This,  I  am 
informed,  has  been  observ-ed  for  the  last  five  years.  The  width  of  iht 
river  at  Hardyville,  where  the  banks  are  quite  steep,  is  about  2o0  yards, 
and  the  water  rises  about  25  feet.  The  new  na\igation  company,  of 
which  Mr.  Sneath  is  the  president,  is  now  building  a  steamer  to'nin 
between  the  mouth  of  the  river  and  Callville,  of  the  following  dimen- 
sions: length  155  feet,  breadth  31  feet,  c^iinders  18  feet,  with  5-foot 
stroke,  and  20-foot  wheel  at  stern,  of  a  capacity  of  260  tons.  It  is 
expected  this  boat  will  be  running  on  the  river  early  next  season. 

Above  Callville,  for  several  hundred  miles,  the  riveris  entirely  unknown, 
and  Callville  should  be  the  starting  point  of  the  expedition  destined  to 
ex[)lore  this  unknown  region.  For  the  survey  of  the  river  I  would 
recommend  the  employment  of  a  small  steamer,  to  draw  between  12  and 
15  inches.  Such  a  boat  should  be  about  110  feet  long,  by  26  feet  wide; 
and  I  am  of  opinion  it  should  be  built  of  wood,  insteail  of  iron,  as  recom- 
mended by  Lieutenant  Ives,  for  it  would  be  subject  to  hard  blows,  and 
could  be  mor^  easily  repaired.  In  an  iron  hull  the  seams  will  open,  1^ 
will  start,  auOl  twsX,  \s^^  ^\v.v)\x  ^\tf\^^ia»\ft  \aake  it  almost  impossible  xo 
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keep  her  tight.  A  powerful  engine  should  be  put  in  her,  furnished  with 
poppet  valves  instead  of  the  usual  sliding  valves,  which  would  be  so 
easily  put  out  of  order  by  the  fine  silicious  sand  which  the  water  of  the 
Colorado  holds  in  suspension,  and  fine  boilers  instead  of  tubular  boilers. 

I  should  say  such  a  steamer  would  cost  here  not  far  from  $30,000,  com- 
plete, and  should  be  supplied  with  all  the  appliances  that  could  be 
foreseen  to  be  necessary,  such  as  lilies,  anchors,  ring-bolts,  &c.,  for 
ascending  the  rai)ids  and  rounding  the  sharp  turns.  Light  skiff's  and 
canvas  boats  should  be  carried  along,  enough  for  the  whole  party,  so 
that  the  expedition  may  be  continued  in  them  beyond  the  highest  point 
the  steamer  may  be  able  to  reach,  or  in.  the  event  of  her  being  disabled 
by  sunken  rocks,  or  other  accident. 

In  the  ev^eut  of  the  exploration  being  ordered,  and  in  the  further  event 
of  my  being  directed  to  take  charge  of  it,  I  should  like  to  have  authority 
to  select  the  commanding  officer  of  the  escort  from  the  subalterns  of  the 
corps  at  present  on  duty  witji  company  D.  This  escort  should  be  care- 
fully selected  with  a  view  to  individual  qualifications,  for  besides  acting 
as  escort,  they  would  furnish  boatmen,  caqjcnters,  teamsters,  &c.,  and 
thus  lessen  the  expense,  as  well  as  the  size  of  the  expedition.  It  should 
numl>er  about  thirty  men,  and  be  armed  with  the  Spencer  rifle,  to  be  as 
effective  as  possible. 

Captain  Kodgers  thinks  the  party  should  enter  the  canon  above  Call- 
ville  about  the  1st  of  August,  soon  after  the  fall  of  the  water  at  Mohave, 
and  Mr.  Adams,  with  whom  I  have  freely  conversed,  coincides  in  this 
view.  My  imi)ression  is,  that  early  in  the  fall  would  be  a  better  time 
than  in  December,  when  the  river  is  at  its  lowest  sU\ge  ;  the  river  can 
then  be  reviewed  at  a  lower  stage,  and  perhaps  a  more  favorable  one,  on 
the  return  of  the  steamer. 

I  would  advise  that  it  be  left  to  the  discretion  of  the  officer  in  charge 
to  detach  a  portion  of  the  party,  if  found  necessary,  to  go  by  land  above 
Callville,  making  as  frequent  communication  with  the  party  upon  the 
river  as  circumstances  and  the  nature  of  the  country  will  admit;  a 
knowledge  of  the  adjacent  country  may  then  be  obtained,  and  the  expe- 
dition should  be  provided  with  a  number  of  x>ack-saddles  or  light  wagons 
for  the  purpose. 

The  report  of  the  Mormons  to  Mr.  Adams  that  the  river  for  200  miles 
above  Callville  is  better  than  the  lOOmiles  just  below,  there  is  no  reason 
to  doubt,  and  it  may  be  necessary  to  make  a  small  portage  near  or  around 
the  great  bend,  and  strike  the  river  opposite  St.  George  or  V^irgin  City. 
[  think  there  will  be  little  difficulty  in  obtaining  animals  from  the  Mor- 
mon settlements  in  the  valley  of  the  Virgin,  and  the  river  is  accessible 
opiK>8ite  St.  George  at  about  70  miles  distant. 

Mr.  Adams  started  for  the  Colorado  River  on  the  5th  instant,  and 
promised  to  ke^p  me  informed  of  everything  of  interest  connected  with 
this  subject.  He  will  endeavor  to  see  the  party  that  came  down  the 
river  through  the  great  canon  in  the  fall  of  1866,  and  was  picked  up, 
more  dead  than  alive,  at  Callville.  His  story  is  that  he  started  down  the 
river  on  a  raft,  with  three  companions,  one  of  whom  was  killed  by  the 
Indians,  and  the  other  two  washed  overboard. 

Captain  Stansbury,  in  his  report  on  the  survey  of  Salt  Lake,  states  that 
the  Green  River,  when  he  crossed  it  in  August,  1849,  near  Fort  Bridger, 
is  a  fine,  bold,  clear  stream,  discharging  a  large  quantity  of  water.  In 
\iew  of  the  above  facts,  it  w^ould  appear  that  the  best  plan  for  the  explo- 
ration of  this  river  would  be  the  one  proposed  herein. 

As  so  much  depends  upon  the  character  of  the  expedition,  if  it  is  to 
be  merely  a  military  reconnoissance  or  a  more  caieful  geographic  or 
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scientific  survey,  data,  upon  which  depends,  to  a  great  extent,  the  time 
necessary  for  it«  completion,  and  having  such  a  bearing  upon  its  cost 
render  it  quite  impossible  for  me  to  make  a  satisfactory  estimate.  I 
would  recommend,  however,  that,  if  an  appropriation  be  asked^  it  should 
not  be  for  less  than  $50,000. 

Very  respectfully,  your  obedient  servant, 

S.  M.  MANSFIELD, 
Captain  of  Engineers^  Brevet  LL  Col,  U.  8.  A. 

Brevet  Major  General  A.  A.  Humphreys, 

Brig.  Oen.  and  Chief  Engineer  U.  8.  A., 

Washingtanj  2>.  C. 


XI. 


San  Francisco,  March  17,  1868. 

General  :  I  have  the  honor  to  report  the  following  fact^  and  sag- 
gestions  with  regard  to  the  propos^  sur\^ey  of  the  Upper  Colorado 
River. 

The  only  information  of  importance  I  have  been  able  to  obtain  with 
regard  to  the  Big  Caiion  of  the  Colorado  is  contained  in  the  inclosed 
letter  from  E.  E.  Perry,  assistant  geologist  of  the  Union  Pacific  railroad 
survey,  who  had  conversed  with  James  White,  the  man  who  professesto 
have  gone  down  the  canon  on  a  raft.  If  that  report  be  reliable,  it  is  evi- 
dent that,  in  the  high  or  middle  stage  of  the  river,  a  strongly  built  boat 
can  come  down  the  caiion  with  safety.  Before  reading  that  report^  1 
had  an  idea  that  it  would  be  a  very  dangerous  experiment  to  attempt  to 
go  down  this  caiion  in  a  boat  of  any  kind,  because  I  feared  there  were 
falls  in  going  down  in  which  the  boat  might  be  upset,  or  even  dashed  to 
pieces ;  as  it  is,  I  now  believe  there  are  no  falls,  and  I  am  inclined  to 
think  the  best  way  is  to  start  above,  and  descend.  The  reasons  are  that 
the  time  consumed  will  be  very  much  less,  and  the  amount  of  supplies, 
and  consequently  the  size  of  the  boat,  will  be  proportionaUy  smaller. 
Of  what  materials  the  boat  should  be  made  I  have  not  the  experience  to 
form  a  decided  opinion.  A  boat  of  India-rubber  or  canvas  would  probably 
be  too  frail  and  unstable;  and  as  dry  cotton  wood  trees  are  found  on  the 
banks  of  Green  and  Grand  Kivers,  a  party  of  boat  carpenters,  provided 
with  tools  and  implements,  could  construct  a  boat  of  a  more  safe  charac- 
ter; still,  a  canvas  boat  should  be  carried  along,  as  a  precaution  in  case 
of  accidents. 

I  have  found  it  difficult  to  obtain  any  detailed  information  of  the 
country  near  the  river  above  the  caiion.  I  learn  that  Captain  (now 
Colonel)  Macomb,  United  States  engineers,  explored  New  Mexico,  South- 
ern Utah,  and  the  region  bordering  on  the  San  Juan  and  Upper  Colo- 
rado rivers  in  1859,  and  submitted  a  report  and  map,  which  have  not,  as 
far  as  I  can  learn,  been  published.  Dr.  Newl)erry,  now  professor  in  a 
college  in  New  York  City,  was  the  geologist  of  the  exi>edition.  If  the 
copies  of  the  map  and  report  can  be  furnished  me,  they  would  probably 
afibrd  valuable  information. 

I  send  by  .this  steamer  a  map  of  that  portion  of  Nevada  of  which  we 
hjive  definite  knowledge.  It  is  the  one  referred  to  in  my  letter  of  the 
4th  instant,  as  made  from  data  collected  at  the  joint  expense  ot  the 
engineer  department  and  geological  survey,  and  the  portions  left  blank, 
south  of  t\ie  ^^tXi^^t^^^^^^  XXv^^NnL^uut  of  country  unknown  in  that 
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State  at  present,  while  to  the  east  of  it,  as  far  as  the  Rocky  Mountains, 
except  on  the  emigrant  routes,  we  know  as  little.  While  the  expense  of 
building  a  steamboat  at  the  mouth  of  the  Colorado  w^ould  be  very  great, 
I  think  a  much  gre^ater  amount  of  valuable  information  could  be  obtained 
at  less  cost,  by  starting  a  party  from  Virginia  City  or  Fort  Churchill, 
(both  points  on  or  near  a  daily  stage  route,)  and  proceeding  via  Parana- 
gat  to  the  Colorado,  and  there  building  a  boat  in  which  a  portion  of  the 
party  can  descend  the  river.  The  party  should  be  not  less  than  25  engi- 
neer soldiers,  (supposing  the  engineer  troops  available,)  with  a  wagon 
train  and  a  small  additional  pack  train,  say  10  animals,  to  nmke  side 
trips  with  rapid  movements  in  search  of  water  or  for  topographical  infor- 
mation. The  mules  should  not  usually  be  packed,  but  should  be  reserved 
for  these  side-trips.  The  wagons  should  start  with  not  more  than  2,000 
pounds.  The  officer  commanding  the  expedition  should  be  authorized 
to  hire  a  few  (three  or  four)  citizens  as  guides  and  mountain  men.  The 
whole  party  should  be  mounted.  If  the  outtit  is  to  be  purchased  from 
funds  furnished  for  the  expedition,  it  can  be  obtained  at  Virginia  City; 
if  furnished  bv  the  quartermasters'  department,  it  should  be  collected  at 
li^ort  Churchill. 

If  this  plan  is  to  be  followed  out  this  year,  there  is  no  time  to  be  lost; 
and  should  you  consider  it  advisable  that  I  shonld  take  charge  of  the 
party,  I  think  I  can  so  arrange  my  other  duties  as  to  admit  of  my 
doing  so. 

I  have  the  honor  to  be,  very  respectfully,  vour  obedient  serv^ant, 

K.  8.  WILLIAMSON, 
Brevet  Lieut  Col,  U.  S.  A.,  Major  of  Engineers. 

General  A.  A.  Humphreys, 

Chief  of  Engineers,  U.  S.  A. 


Hardyville,  Arizona,  January  C,  18G8, 

Sir  :  The  railroad  survey  now  in  progress  under  your  direction  has 
afibrded  many  opportunities  for  acquiring  valuable  additions  to  our  geo- 
graphical knowledge  of  the  unexplored  regions  of  the  far  west  from 
original  sources  not  accessible  to  ordinary  map-comi)iler8. 

Mining  prospectors,  more  adventurous  even  than  the  noted  trappers  of 
the  Rocky  Mountains,  have  within  the  last  twenty  years  scarcely  left  a 
mountain  slope  unvisited,  or  a  watercourse  unexamined,  over  the  wide 
expanse  extending  from  the  Mississippi  Ki  ver  to  the  Pacific  Ocean.  Could 
the  varied  and  adventurous  experience  of  these  mountain  explorers  be 
brought  into  an  accessible  form,  we  should  know  nearly  as  much  of  these 
western  wilds  as  we  now  do  of  the  settled  portions  of  our  country. 

Among  the  geographical  problems  remaining  for  the  longest  time  un- 
solved, was  that  of  the  actual  character  of  the  stupen<lous  chasms  or 
canons  through  which  the  Colorado  of  the  West  cleaves  its  way  from  its 
snowy  sources  to  its  exit  into  the  Caliibrnia  Gulf.  Within  the  past  ten 
years,  public  attention  has  been  frequently  directed  to  this  subject,  and 
various  government  expeditions  have  afforded  reliable  information  in 
reference  to  the  upper  and  lower  course  of  this  remarkable  river.  Lieu- 
tenant Ives,  in  1857--'58,  made  a  satisfactory  exploration  of  tlie  na^igable 
portion  of  the  Colorado,  extending  from  its  mouth  to  the  great  eafion,  and 
since  then  a  regular  line  of  light  draught  boats  have  been  successfully 
traversing  these  inland  waters.  Still  the  great  canon  remained  a  myth; 
its  actual  length,  the  character  of  the  stream,  the  nature  of  its  banks, 
and  the  depth  of  its  vertical  walls,  were  subjects  for  speculation,  and 
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aflforded  a  fine  field  for  exaggerated  description,  in  which  natural  bridges^ 
cavernous  tunnels,  and  fearful  cataracts,  formed  a  prominent  feature. 
Now  at  last  we  have  a  perfectly  authentic  account,  from  an  intelligent 
source,  from  a  man  who  actually  traversed  its  formidable  depths,  and 
who,  fortunately  for  science,  still  lives  to  detail  his  trustworthy  observa- 
tions of  this  remarkable  voyage.  Happening  to  fall  in  with  this  man 
during  my  recent  stay  of  a  few  days  at  Hardy ville,  on  the  Colorado,  I 
drew  from  him  the  following  connected  statement,  in  answer  to  direct 
questions,  noted  down  at  the  time: 

NARRATIVE. 

James  White,  now  living  at  Callville,  formerly  a  resident  of  Kenosha, 
Wisconsin,  was  induced  to  join  a  small  gold-prospecting  party  to  examine 
the  San  Juan  region  west  of  the  Rocky  Mountains.  The  original  party 
was  composed  of  four  men,  under  the  command  of  a  Captain  Baker. 
This  party  left  Fort  Dodge  on  the  13th  of  last  April,  and  after  crossing 
the  plains  they  completed  their  outfit  in  Colorado  City,  leaving  that  place 
on  the  20th  of  May.  Proceeding  by  way  of  South  Park  and  the  Upper 
Arkansas,  they  crossed  the  Rocky  mountains,  passing  around  the  head 
waters  of  the  Rio  Grande,  till  they  reached  the  Animos  branch  of  the 
San  Juan  River.  Here  their  prospecting  for  gold  commenced,  and  being 
only  partially  successful,  they  continued  still  further  to  the  west,  passing 
the  Dolores,  and  reaching  the  Mancos,  which  latter  stream  wjvs  followed 
down  to  the  main  valley  of  the  San  Juan.  Crossing  the  San  Juan  at 
this  point,  they  continued  down  the  valley  in  a  westerly  direction  for 
about  200  miles,  when  the  river  entered  a  canon.  Here  they  again 
crossed  to  the  north  bank,  and  leaving  the  river  passed  across  a  mountain 
ridge,  aiming  to  reach  the  Colorado  River.  In  a  distance  of  50  miles,  over 
a  very  rugged  country  they  reached  this  latter  stream,  or  rather  its  main 
eastern  tributary.  Grand  River.  At  the  point  where  they  first  struck  the 
river  it  was  inaccessible  on  account  of  its  steep,  rocky  banks ;  they  accord- 
ingl}^  followed  up  the  stream  in  search  of  a  place  where  water  could  be 
procured.  At  an  estimated  distance  of  12  miles,  during  which  they 
were  unable  to  follow  directly  along  the  river  bank,  they  came  upon  a 
side  canon,  dov^Ti  which  they  succeeded  in  descending  with  their  animals, 
and  procuring  a  supply  of  water.  In  the  bottom  of  this  ravine  they 
encamped  on  the  night  of  the  23d  of  August,  and  on  the  morning  of 
the  24th  started  to  ascend  the  right  bank  to  the  table  land.  In  making 
the  accent  they  were  attacked  by  Indians,  and  Captain  Baker,  being  in 
advance,  was  killed  at  the  first  fire.  The  two  remaining  men,  James 
White  and  Henry  Strole,  after  ascertaining  the  fate  of  their  comnwie. 
fought  their  way  back  into  the  ravine,  and  getting  beyond  the  reach  of 
the  Indians,  they  hastily  unpacked  their  animals,  securing  their  anas 
and  a  small  stock  of  provisions,  and  proceeded  on  foot  down  the  canon 
to  the  banks  of  Grand  River.  Here,  finding  the  necessary  material  in 
the  shape  of  dry  cotton  wood,  they  constructed  a  raft,  composed,  in  the  first 
place,  of  three  sticks  ten  feet  in  length,  and  about  eight  inches  in  diame- 
ter, securely  tied  together  by  lariat  ropes.  On  this  frail  and  clumsy 
raft  these  men  embarked  at  midnight, on  the  24th  of  August,  with  their 
arms  and  provisions,  and  drifted  slowly  down  the  silent  current  The 
following  morning,  being  the  25th  of  August,  they  made  a  landing, 
repaired  their  raft  by  some  additional  pieces  of  dry  cedar,  and  then  con- 
tinued on  their  course.  The  river  here  was  about  200  yards  in  width, 
flowing  regularly  at  an  estimated  rate  of  two  and  one-half  to  three  mile^ 
per  houT.    X^cowWw^  to  this  estimate,  in  30  miles  from  the  phice  of 
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starting  they  passed  the  mouth  of  Green  River  and  entered  the  Colorado 
proper. 

Just  below  the  juncture  the  stream  narrows,  and  is  confined  between 
perpendicular  rocky  walls  gradually  increasing  in  elevation.  From  this 
point  our  adventurous  explorers  were  entering  an  unknown  country, 
never  before  looked  on  by  civilized  eyes.  At  an  estimated  distance  of 
40  miles  from  Green  River,  they  passed  the  mouth  of  the  San  Juan,  both 
streams  being  here  hemmed  in  by  perpendicular  walls.  From  this  point 
the  canon  was  continuous  with  only  occasional  breaks,  formed  by  small 
side  cafions  equally  inaccessible  with  the  main  chasm.  Still  they  expe- 
rienced no  difficulty  in  continuing  theu*  voyage,  and  were  elated  with 
the  prospect  of  soon  reaching  the  settlements  on  the  Colorado,  below  the 
Great  Cafion. 

On  the  28th,  being  the  fourth  day  of  their  journey,  they  encountered 
the  first  severe  rapids,  in  passing  one  of  which  Henry  Strole  was  washed 
off  and  sank  in  a  whirlpool  below.  The  scanty  stock  of  provisions  was 
also  lost,  and  when  White  emerged  from  the  foaming  rapids,  he  found 
himself  alone,  without  food,  and  with  gloomy  prospects  before  him  for 
completing  his  adventurous  journey.  His  course  now  led  through  the 
sullen  depths  of  the  Great  Canon,  which  was  a  succession  of  fearful  rapids, 
blocked  up  with  masses  of  rock,  over  which  his  frail  raft  thumped  and 
whirled,  so  that  he  had  to  adopt  the  precaution  of  tying  himself  fast  to  the 
rocking  timbers.  In  passing  one  of  these  rapids  his  raft  parted,  and  he 
was  forced  to  hold  on  by  main  strength  to  the  fragments  till  he  effected 
a  landing  below  in  a  shallow  eddy,  where  he  succeeded,  standing  waist- 
deep  in  water,  in  making  necessary  repairs,  and  started  again. 

One  can  hardly  imagine  the  gloomy  feelings  of  this  lone  traveler, 
with  no  human  voice  to  cheer  his  solitude ;  starving,  yet  resolute  and 
hopeful ;  closed  in  on  every  side  by  the  beetling  cliffs  that  shut  out  sun- 
light/or  the  greater  part  of  the  long  summer  day;  drenched  to  the  skin; 
sweeping  down  the  resistless  current,  shooting  over  foaming  rapids,  and 
whirling  below  in  tumultuous  whirlpools ;  ignorant  of  what  fearful  cata- 
racts might  yet  lie  along  his  unswerving  track,  dow^n  which  he  must 
plunge  to  almost  certain  destruction ;  still  day  after  day,  buoyed  up 
with  the  hope  of  finally  emerging  from  his  prison  walls,  and  feasting  his 
eyes  on  an  open  country  with  shady  groves,  green  fields,  and  human 
habitations. 

The  mouth  of  the  Colorado  Chiquito  was  passed  on  the  evening  of  the 
fourth  day,  the  general  appearance  of  which  was  particularly  noted,  as 
he  was  here  entangled  in  an  eddy  for  two  hours,  till  rescued,  as  he  says, 
''  by  the  direct  interposition  of  Providence."  The  general  course  of  the 
river  wa«  noticed  to  be  very  crooked,  having  numerous  short  turns,  the 
view  in  every  direction  being  shut  in  by  blank  precipitous  walls  of  "white 
sand-rock.'^  These  walls  presented  a  smooth,  perpendicular,  and  occa- 
sionall}"  overhanging  surface,  extending  upwards  to  a  variable  height, 
and  showing  along  their  sides  a  distinct  line  of  high-watermark30to40 
feet  above  the  then  water-level.  His  estimate  of  the  average  height  of 
the  canon  was  300  feet,  the  upper  edge  of  which  flared  out  about  half 
way  from  the  bottom,  thus  presenting  a  broken  and  rugged  crest. 

IJuring  the  last  two  days  in  the  canon  dark-colored  igneous  rocks  took 
the  place  of  the  white  sandstone,  which  further  on  showed  several  dis- 
tinct breaks  on  either  side,  till  he  reached  a  more  open  country,  con- 
taining small  patches  of  bottom  land,  and  inhabited  by  bands  of  Indians. 
Here  he  succeeded,  by  bartering  away  his  arms,  in  procuring  a  scanty 
8U])pl y  of  mezquite  bread,  barely  sufficient  to  sustain  life  till  he  reuehed 
Callville,  on  the  8th  of  September,  just  fourteen  days  from  the  time  of  start- 
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inp^.  When  finally  rescued  this  man  presented  a  pitiable  object;  emacia- 
ted and  hagg<ard  from  abstinence,  his  bare  fe^t  and  legs  literally  flayed 
from  constant  exposure  to  drenching  water,  aggravated  by  occasiooal 
scorchings  of  a  vertical  sun ;  his  mental  faculties,  though  still  sound, 
liable  to  wander,  and  verging  close  on  the  brink  of  insanity.  Being, 
however,  of  a  naturally  strong  constitution,  he  soon  recovere^l  his  usoal 
health,  and  is  now  a  stout,  thick-set,  hearty  man.  His  narrative  through- 
out bears  all  the  evidences  of  entire  reliability,  and  is  sustained  by  col- 
lateral evidence,  so  that  there  is  not  the  least  room  to  doubt  that  he 
actually  accomplished  the  journey  in  the  manner  and  within  the  time 
mentioned  by  him. 

CONCLUSIONS. 

The  following  may  be  summed  up  as  some  of  the  main  facts  to  be 
derived  from  this  simple  narative  as  additions  to  our  previous  geograph- 
ical knowledge  of  the  hydrography  of  the  Colorado  liiver: 

1.  The  actual  location  of  the  mouth  of  the  San  Juan,  40  miles  below 
Green  River  junction,  aind  its  entrance  by  a  canon  continuous  with  that 
of  the  Colorado. 

2.  From  the  mouth  of  the  San  Juan  to  the  Colorado  Cbiqtiito  occu- 
pied three  days'  travel,  in  the  swiftest  portion  of  the  current;  and  allow- 
ing an  average  rate  of  four  miles  per  hour  for  15  hours,  or  00  miles  per 
day,  would  give  an  estimated  distance  of  180  miles,  including  the  most 
inaccessible  portion  of  the  Great  Canon. 

3.  From  the  Colorado  Chiquito  to  Callville  occupied  10  days'  travel. 
As  this  portion  of  the  route  was  more  open,  and  pix)bably  comprised 
long  stretches  of  comparatively  still  water,  it  would  not  be  safe  to  allow 
a  distance  of  more  than  30  miles  per  day,  or  300  miles  for  this  interval. 
Thus  the  whole  distance  traveled  would  amount  to  550  miles,  or  jiome- 
thing  over  500  miles  from  the  mouth  of  Green  River. 

4.  The  absence  of  any  distinct  cataract  or  perpendicular  falls  would 
seem  to  warrant  the  conclusion  that  in  time  of  high  water,  by  proper 
appliances  in  the  way  of  boats,  good,  resolute  oarsmen,  and  provisions 
secured  in  water-proof  bags,  the  same  passage  might  be  safely  made, 
and  the  actual  course  of  the  river,  with  its  peculiar  geological  features, 
properly  determined. 

6.  The  construction  of  bridges  by  a  single  span  would  be  rendered 
difficult  of  execution,  on  account  of  the  usual  flaring  shape  of  the  upper 
summit;  possibly,  however,  points  might  be  found  where  the  high  mesas 
come  near  together. 

6.  The  estimated  average  elevation  of  the  canon  at  3,000  feet  is  le^s 
than  that  given  on  the  authority  of  Ives  and  Newberry,  but  may  be 
nearer  the  actual  fact,  as  the  result  of  more  continuous  observations. 

7.  The  width  of  the  river  at  its  narrowest  points  was  estimated  at  100 
feet,  and  the  line  of  high-water  mai'k  30  to  40  feet  above  the  average 
stage  in  August. 

8.  The  long-continued  uniformity  of  the  geologic.il  formation  termed 
"white  sandstone"  (probably  cretaceous)  is  remarkable,  but  under  this 
term  may  have  been  comprised  some  of  the  lower  stratitietl  formations. 
The  contrast  in  reaching  the  dark  igneous  rocks  was  so  marked  that  it 
could  not  fail  to  be  noticed. 

9.  Any  prospect  of  useful  navigation,  up  or  down  this  canon,  during 
the  season  of  high  water,  or  transportation  of  lumber  from  tlie  upper 
pine  regions  of  Green  or  Grand  rivers,  could  hardly-  be  regarded  as 
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feasible,  considering  the  long  distance  and  the  inaccessible  character 
of  the  river  margin  for  the  greater  part  of  the  course. 

10.  No  other  satisfactory  method  of  exploration,  except  along  the 
course  of  the  river,  could  be  adopted  to  determine  its  actual  course  and 
peculiar  natural  features;  and  James  AfVTiite,  as  the  pioneer  of  this  enter- 
prise, will  probably  retiiin  the  honor  of  being  the  only  man  who  has 
traversed  through  its  whole  course  the  Great  Caiion  of  the  Colorado,  and 
lived  to  recount  his  observations  on  this  perilous  voyage. 
Respectfully  yours, 

C.  C.  PARRY, 
Assistant  Geologist  Union  Facijic  Railroad  Survey. 
J.  D.  Perry,  Esq., 

President  of  the  Union  Pacific  Railway^  Eastern  Division. 


X  2. 

Headquarters  Corps  of  Engineers, 

Washington^  D.  C,  June  24,  1868. 

General  :  In  answer  to  the  communication  from  the  Senate  Commit- 
tee on  Commerce  of  June  1,  18G8,  inclosing  resolutions  of  the  legislature 
of  California,  requesting  information  upon  the  necessity  and  propriety 
of  legislating  to  aid  Captain  Trueworthy  in  perfecting  the  navigation  of 
the  Colorado  River  below  Callville,  I  beg  to  state  that  the  nature  of  the 
aid  Captain  Trueworthy  desires  from  the  general  government  not  being 
stated,  it  is  not  possible  to  form  an  opinion  upon  the  necessity  and  x>ro- 
priety  of  legislating  upon  the  subject. 

The  most  reliable  information  in  relation  to  the  Colorado  River  will  be 
found  in  the  report  of  Lieutenant  Ives's  ascent  of  that  stream  in  1858, 
(Ex.  Doc.  No.  — ,  3()th  Congress,  Ist  session,)  but  he  does  not  describe 
the  obstructions  to  its  navigation  with  sufficient  minuteness  to  base  an 
estimate  of  the  probable  cost  of  their  removal. 

From  his  account  the  region  at  the  mouth  of  the  Colorado  is  a  flat 
ex])anse  of  mud,  and  the  channels  that  aftbrd  entrance  from  the  gulf  are 
shifting  and  changeable.  For  30  miles  above  the  mouth  the  navigation 
is  rendered  periodically  dangerous  by  the  strength  and  magnitude  of  the 
spring  tides. 

Between  tidewater  and  Fort  Yuma,  which  is  150  miles  from  the  mouth, 
the  principal  obstructions  are  sand-bars,  continually  shifting,  having 
in  some  i)laces  but  two  feet  of  water  upon  them.  There  are  no  rocks, 
but  snags  are  numerous  although  not  very  dangerous. 

For  180  miles  above  Fort  Yuma  the  navigation  is  similar.  The  river 
passes  through  several  chains  of  hills  and  mountains,  forming  gorges  or 
canons  sometimes  of  a  considerable  size.  In  these  there  is  geuendly  a 
better  channel  tliJin  m  the  valley. 

In  the  next  100  miles  gravelly  bars  are  frequent,  with  many  stretches  of 
good  river ;  and  although  the  bad  places  are  worse,  the  channel  is  gene- 
rally better  than  below.  For  the  succeeding  50  miles  there  are  many 
swift  rapids;  the  river  bed  is  of  coarse  gravel  and  sand,  and  there  are 
also  some  dangerous  sunken  rocks.  The  Black  Caiion,  which  is  25  miles 
long,  is  now  reached,  and  in  it  the  rapids  are  numerous  and  difficult. 
Callville  is  some  six  miles  above  the  head  of  this  canon.  Lieutenant 
Ives  considers  the  foot  of  Black  Caiion  as  the  practical  head  of  naviga- 
tion, and  that  a  boat  of  suitable  model  and  dimensions,  drawing  when 
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loaded  not  more  than  two  feet  of  water,  should  be  able  to  ascend  the 
river  to  this  point  at  most  seasons  of  the  year. 

The  exploration  of  the  Upper  Colorado,  and  a  careful  examination  of 
the  lower  portions  of  the  river  with  the  view  of  the  removal  of  the  obstmo- 
tions  below  Callville,  have  already  been  under  consideration,  and  only 
prevented  from  being;  undertaken  during  the  present  season  by  want  of 
limds  applicable  to  this  purpose.  It  is  intended  to  present,  with  the  next 
annual  rei)ort  from  this  office,  estimates  of  the  probable  amount  required 
for  these  objects. 

Very  respectfuUv,  your  obedient  servant, 

A.  A.  HUMPHREYS, 
Brig.  Qen,  of  Engineers^  Commanding. 
Miijor  General  J.  M.  ScnoFiELD, 

Secretary  of  War. 


X  3. 

Headquarters  Military  Division  of  the  Missoitri, 

Engineer  OfUce^  St.  LouiSy  Mo.y  July  23, 1868. 

General:  I  have  the  honor  to  submit  the  following  report  of  my 
operations  as  chief  engineer  of  the  military  division  of  the  Missouri  for 
the  year  ending  June  30, 18G8: 

map-mounting  and  issues. 

Maps  mounted  in  one  piece 135 

Maps  mounted  in  book  form 210 

Mai)s  prepared  for  issue 479 

Maps  issued 623 

Tracings  made 86 

Tracings  issued 48 

MANUSCRIPT  MAPS  PREPARED. 

Kansas  and  parts  of  neighboring  States  and  Territories;  for  thelitho- 
grajiher. 

Battle-field  of  Chickamauga ;  sent  to  engineer  bureau. 

Map  of  Montana  from  surveys  of  Captain  Rjiynolds,  De  Lacey,  Geo. 
Stevens,  Lieutenant  Mullen,  and  Gen.  Hazen ;  sent  to  engineer  bureau. 

Massacre  at  Fort  Phil  Kearnej- ;  reduced  from  original  and  sent  to 
engineer  bureau. 

Operations  near  Fort  Craig,  New  Mexico,  February,  1862;  reduce<l 
from  original  and  sent  to  engineer  bureau. 

Colorado  and  Utah ;  for  the  lithographer. 

MAPS  LITHOGRAPHED. 

Kansas  and  parts  of  neighboring  States  and  Territories ;  100  copies 
lithographed  on  paper,  and  130  on  muslin. 

MAPS  IN  HANDS  OF  LITHOGRAPHER. 

Colorado  and  Utah ;  100  copies  ordered. 

Besides  these  maps  and  tracings  the  usual  miscellaneous  work  of  a 
t<>pograp\\\c*t\\  o^cfe  \i^^  Q^vi\v\>\fe^  ^Xv^i  draughtsmen.     Many  of  the  tra- 
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cings  were  made  for  the  assistant  adjutant  general,  and  for  the  chief 
quartermaster  at  these  headquarters. 

The  department  and  posts  in  this  military  division  are  well  supplied 
with  all  needed  maps,  as  also  the  staff  officers  at  division  and  department 
headquarters.  The  muslin  maps  of  Kansas  have  given  great  satisfac- 
tion. 

Expenditures  from  July  1,  1867,  to  June  30,  1868. $9, 559  78 

Estimated  expenditures  for  next  fiscal  year 8, 138  16 

Besides  attending  to  my  office  duties  I  have  attended  to  such  miscel- 
laneous work  as  the  Lieutenant  General  gave  me,  and  I  accompanied 
the  Indian  i)eace  commissioner  in  August  and  September,  1867,  up  the 
Missouri  river  to  Plum  island,  just  above  the  mouth  of  the  Big  Shyenne, 
to  make  observations  for  latitude.  I  have  also  prex)ared  a  treatise  of 
iron  truss  bridges,  which  has  been  submitted  to  the  bureau. 
Respectfully,  your  obedient  servant, 

WM.  E.  MERRILL, 
Major  Engineers  and  Brevet  Colonel, 

Brevet  Major  General  A.  A.  Humphreys, 

Chief  of  EngineerSj  Washingtorij  D.  C. 


X4. 

Report  of  Lieutenant  R.  W.  Fetriken^  Corps  of  Engineers. 

Sir  :  I  have  the  honor  to  make  the  following  report,  accompanied  by 
map  of  the  route  passed  over  by  Brevet  Major  General  Augur,  command- 
ing the  de[)artmeut  of  the  Platte  during  the  summer  of  1867.  General 
Augur's  route  will  be  seen  on  the  map  indicated  by  broken  red  lines. 

Starting  on  the  1st  of  June  from  North  Platte  City,  the  then  western 
station  on  the  Union  Pacific  railroad,  at  the  junction  of  the  North  and 
South  Forks  of  th«  Platte,  and  proceeding  up  the  South  Fork  on  the  north 
bank  as  far  as  the  mouth  of  Crow  Creek,  a  small  stream  flowing  from  the 
Black  Hills,  up  Crow  Creek,  crossing  twice  to  within  about  14  miles  of  the 
site  of  Fort  D.  A.  Russell,  here  leaving  Crow  Creek  to  the  left,  passing 
to  Lodge  Pole  Creek,  striking  it  about  11  miles  from  the  entrance  to 
Cheyenne  pass,  old  Camp  Walback;  then  going  north  on  old  road  to 
Fort  Laramie,  struck  Cherry  water,  down  which  this  road  passes  as  far  as 
Cherry  Spring,  thence  across  country  to  Fort  Laramie ;  returning  by  same 
road  to  within  a  few  miles  of  Cheyenne  pass,  when,  leaving  it  to  the  right, 
crossing  the  two  branches  of  Pole  Creek  two  or  three  miles  from  these 
canons,  also  the  branches  of  Crow  Creek,  and  down  Crow  Creek  on  the 
south  side  until  opposite  the  site  of  Cheyenne  City,  at  which  place  we 
crossed  to  the  north  side.  Remained  in  camp  about  two  weeks,  during 
which  time  Fort  D.  A.  Russell  was  located,  two  and  one-half  miles  west 
of  Cheyenne,  fourteen  miles  from  the  Black  Uills,  on  a  fine  plateau  on 
the  north  side  of  Crow  Creek.  Government  reservation  two  miles  wide 
by  three  miles  long,  length  north  and  south  magnetic  meridian. 

On  leaving  this  camp  went  to  Fort  Sanders  by  Evans's  pass,  and 
returned  by  Cheyenne  pass,  striking  across  country  from. the  pass  to  Fort 
Russell.  Evans's  pass  is  on  the  south  side  of  Crow  Creek,  and  the  route 
taken  by  the  Union  Pacific  railroad.  From  Fort  Russell  traveled  east 
and  north  as  indicat>ed,  passing  over  to  Pole  Creek  and  down  it,  finding 
the  end  of  the  track  of  the  Union  Pacific  railroad  about  20  miles  below 
Pine  Bluifs,  at  which  place  we  embarked  for  Omaha. 
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On  leaving  North  Platte  City,  June  1, 1867,  found  the  road  in  had  cob- 
dition — soft.    This  was  only  while  on  the  low  land  bordering  the  river. 
When  on  higher  ground,  along  the  foot  of  the  bluflf,  the  road  wsmgood. 
The  construction  of  the  railroad  to  Cheyenne  and  beyond  obviat^esthe  use 
of  these  roads  along  the  Platte.    The  country  from  North  Platte  City  to 
Cheyenne  has  but  few  redeemable  qualities.    Some  of  the  land  along  the 
South  Platte  is  susceptible  of  cultivation.    All  is  more  or  less  impreg- 
nated with  alkali.    In  the  \icinity  of  Fort  Sedgwick  the  country  is  very 
barren.    In  the  bluffs  and  about  one  hundred  feet  above  the  stream  a 
horizontal  strata  of  soft  clay  limestone  was  noticeably  until  when  in  the 
vicinity  of  Fort  Morgan,  Colorado  Territory,  about  forty-five  miles  west 
of  Fort  Sedgwick,  noticed  the  three  remarkable  rocks  as  represented  on 
map,  and  also  on  map  of  department.    The  valleys  of  the  small  streams 
lea^ling  in  the  Bla^k  Hills  can  be  made  productive,  namely,  Crow  Creek, 
and  to  the  north,  Lodge  Pole,  Horse,  and  Cherry  water  creeks,  of  which 
Cherry  water  is  the  largest;  and  south.  Lone  Tree,  Box  Elder,  and  the 
Cache  la  Poudre,  the  valley  of  the  latter  said  to  be  a  fine  agricultural 
country;  the  stream  said  to  be  large  and  rapid.    This  valley  [iroducesat 
presentalmostenoughto  sustain  the  inhabitants  of  Denv^er  and  Cheyenne 
City.    The  vegetables  are  the  best  I  have  seenf  especially  the  potatoes, 
of  which  a  great  quantity  is  now  purchased  yearly  by  the  United  States. 
There  is  no  doubt  that  the  valleys  of  the  other  small  streams  of  this 
vicinity  will  produce  as  well.    At  the  foot  of  the  Black  Hills  there  is  a 
valley  running  north  and  south,  having  the  hills  on  the  west  and  an  ele- 
vated plain  on  the  east.    The  streams  flowing  from  the  hills  and  to  the 
north  of  Lone  Tree  cross  this  valley,  running  nearly  east  and  cutting 
through  the  aforesaid  plain.    From  appearances  this  valley  has  been  the 
bed  of  a  lake,  with  the  several  branches  of  Crow,  Pole,  Horse  and  Cher- 
ry water  creeks  emptying  into  it.    In  this  vicinity  there  is  a  rocky  bluff ' 
at  the  eastern  base  of  the  Black  Hills,  extending  from  Lone  Tree  to  the 
Cherry  water,  through  which  all  the  intermediate  streams  caiion  ;  these 
streams  head  on  the  back  bone  and  receive  supplies  of  water  from  the 
eastern  slope  of  the  hills  proper,  the  declivity  of  which  is  very  gentle^ 
and  extending  down  to  the  base  of  this  rocky  ridge.    The  western  slope 
is  much  more  abrupt,  especially  from  the  railroad  line  north.    The  divide 
between  Lone  Tree  and  Crow  Creek  is  the  only  place  where  on  the  eastern 
slope  the  foot-hills  extend  out  to,  and  connect  with,  the  plain  spoken  of 
above.    It  is  by  passing  up  this  divide  that  the  railroad  is  enabled  to 
attain  its  great  elevation  at  such  low  grades — summit  8,200  feet  above 
tide  water. 

The  small  streams  flowing  from  the  Black  Hills  have  water  in  thnn 
the  year  ronnd  for  a  distance  of  about  50  miles  from' their  sources,  wh^i 
they  sink  in  the  sands,  probably  to  appear  again  below.  Water  can  be 
had  at  any  place  in  their  beds  by  digging.  The  rocks  of  the  region  of 
the  Black  Hills  are  of  a  primitive  formation ;  granite,  syenite,  and  the 
accompanying  kinds.  On  the  Cherrywater  great  quantities  of  magnetic 
iron  ore  is  to  be  found  scattered  over  the  ground,  indicating  that  above 
these  must  be  a  large  amount  in  place.  I  was  unable  to  look  for  it.  No 
other  ores  of  any  value  were  found.  Timber  is  very  scarce  in  this  re^on ; 
none  to  be  found  except  a  little  cottonwood  along  the  stream,  and  some 
Norway  pine  on  the  hills  and  Dead  Pine  Bluffs.  Grass  of  the  best  quali- 
ties abonnds,  making  all  this  dry  country  available  for  grazing  purposes, 
to  which  it  is  well  adapted,  being  on  the  eastern  side  of  the  mountains,  and 
protected  from  the  northwest  wind,  the  prevailing  wind.  The  whole 
country  is  nearly,  if  not  entirely,  destitute  of  flowers;  with  perhaps  the 
exception  of  the  cactus,  there  are  none  of  any  beauty.    The  roads  in  the 


REPORT  OF  THE  SECRETARY  OF  WAR.         1199 

vicinity  of  the  mouutaius  are  good,  hard  and  smooth  at  all  seasons;  the 
soil  being  composed  of  small  i)ieces  of  feldspar.  From  Fort  D.  A.  Russell 
there  are  good  roads  in  anv  direction.  From  the  number  of  roads  indi- 
acted'ou  the  map  in.this  vicinity,  it  will  be  seen  that  wagons  can  be  taken 
over  an 3^  portion  of  the  country  east  of  the  Black  Hills,  except,  perhaps, 
over  some  portions  of  Pine  Blnlfs. 

I  have  indicated  in  black  ink  two  new  and  direct  routes  from  Fort 
Bussell  to  Fort  Laramie,  and  also  the  telegraph  line.  I  have  also  indi- 
cated in  black  ink  Colonel  Merrill's  route  to  Fort  Fettcrman.  These 
roads  are  rejiorted  by  him  to  be  good.  There  is  wood  in  abundance  on 
all  the  roads  now  used  by  the  government  in  transporting  from  the  depot 
at  Fort  Russell  to  any  of  the  posts  north  or  west,  after  reaching  the  hills 
fourteen  miles  west,  and  the  Cherry  water  two  days'  march  to  the  north, 
this  requiring  that  supplies  necessary  for  two  camps  be  taken  by  heavy 
trains.  Water  is  good  on  all  these  roads,  and  marches  easy  and  short. 
Respectfully,  your  most  obedient  servant, 

R.  W.  PETRIKIN, 
First  Lieut,  of  Engineers^  Eng.  Dept.  of  the  Platte. 

Brevet  Major  General  A.  A.  Humphreys, 

Chief  Engineer  U.  S.  -A.,  Washington^  D,  G, 


X  5. 

Report  of  Brevet  Brigadier  General  N.  Michlerj  Major  Gorps  of  Engineers^ 
upon  survey  of  battlefields  and  maps  of  campaigns  and  battlefields. 

By  orders  from  headquarters  corps  of  engineers,  communicated  by 
letter  of  July  9, 1867,  authority  was  given  me  to  continue  the  surveys  of 
the  several  battle-fields  in  which  the  army  of  the  Potomac  had  been 
engaged,  comprising  those  of  the  Korth  Ana,  Todd's  Tavern,  Wilderness, 
Mine  Run,  Chancellorsville,  Fredericksburg,  Antietaia,  and  South  Moun- 
tain. With  the  exception  of  Gettysburg,  these  surveys  would  complete, 
in  addition  to  those  enumerated  in  my  last  annual  report,  the  entire 
campaigns  of  that  army  during  the  war. 

A  party  was  organized  under  the  immediate  direction  of  Major  John 
E.  Weyss,  who  has  be«n  for  many  years  my  principal  assistant,  and  ope- 
rations were  commenced  in  the  field  on  the  20th  of  September,  1867. 
The  survey  in  Virginia  was  continued  without  interruption  until  the  5th 
of  November,  and  in  that  time  212  square  miles  were  completed,  includ- 
ing seven  of  the  battle-fields  above  mentioned.  The  i)arty  was  then 
transferred  to  Antietam,  commencing  the  surveys  in  that  locality  on  the 
17th  of  the  same  month ;  they  were  continued  until  the  5th  of  Decern-, 
ber,  when  the  extreme  cold  weather,  accompanied  by  heavy  snow-storms, 
compelled  it  to  suspend  further  w^ork.  The  area  surveyed  comprises  fifty 
square  miles ;  this  was  connected  with  surveys  of  Harper's  Ferry  and 
Maryland  Heights,  made  by  Major  Weyss,  under  my  direction,  in  1863; 
the  whole  section  covers  about88  square  miles.  On  account  of  thelateness 
of  the  season  and  the  severity  of  the  climate,  the  survey  of  South  Moun- 
tain could  not  be  prosecuted,  and  it  is  respectfully  suggested  that  the  same 
party  be  sent  before  the  commencement  of  the  winter  to  complete  what 
forms  so  component  a  part  of  the  battle-field  of  Antietam.  The  surveys 
obove  enumerated  were  made  in  great  detail  and  have  since  been  plotted; 
the  maps,  seven  in  number,  are  far  on  towards  completion,  three  bmv^g. 
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entirely  iluished.    Some  additional  material  is  still  wanting  to  explain 
and  more  fully  illustrate  the  movements  of  the  army  of  the  Potomac 
such  as  more  perfect  surveys  of  the  approaches  to  the  different  foixlsfrom 
the  north  side  of  the  Rappahannock,  and  of  the  country'  between  Mine 
Run  and  Clark's  Mountain.    A  list  of  the  completed  maps  and  drawings 
was  furnished  in  my  last  annual  report,  to  which  those  above  enumer- 
ated, drawn  on  a  scale  of  four  inches  to  the  mile,  are  now  added.    The 
entire  portfolio  now  numbers  186  sheets  of  antiquarian,  com])rising  gen- 
eral and  detailed  maps  of   campaigns,  sieges,  and  battle-fields,  with 
numerous  drawings  of  forts,  redoubts,  batteries,  and  mines.     An  exami- 
nation of  the  maps  exhibits  the  great  detail  with  which  the  surveys 
were  made  and  the  beauty  of  their  execution.    Major  Weyss  and  his 
assistants  are  deserving  of  the  greatest  credit  for  the  rapidity  and  accu- 
racy with  which  the  work  has  been  accomplished. 
Respectfully  submitted, 

N.  MICHLBR, 
Major  of  Engineers^  Brevet  Brigadier  General. 
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